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lpemcnosue

V4ueOHUK HaIMCaH HA OCHOBE OIBITA BeJeHU s TeopeTude-
CKHX H IPaKTUYECKUX 3aHATHN B MeJUIIMHCKOM KOJIJIEeHMe
U IpejHa3HAYEH [AJIsA USYYEeHHUA U yriayOileHMA 3HAHUH 1o
MaTeMAaTHKe Ha y4eOHBIX 3aHATHUAX ¥ AJS OpTaHU3aIUN
CaMOCTOATEJbHOH paboOTEI CTYAEHTOB.

Kuura npeacrasiser co6oii ocBeleHne BceX U3VIaeMBIX
pasiesioB MaTeMaTHKH? HaIlpaBJIeHHBIX Ha OBJAafeHHE OC-
HOBHBIX NOHATUH U NPUMEHEHUSA MaTeMaTHYeCKHX 3HAHHH
B pafoTe MeIUIUHCKOTO epCcoHaNa cpefHero 3BeHa.

V4ueGHUK COEPIKUT MaTepHa, npefycMoTpeHuEIH Deje-
PaJbHBIM T'OCYAAPCTBEHHBIM 00pa30BaTeIbHBIM CTAHAAPTOM
cpeaHero npodeccroHaIBHOr0 00Pa30BaAHHUS 0 JUCIUILINHE
«MaremaTuKa» SIS BCeX CIENUANBHOCTEH MeJUIIMHCKOTO
KOJLTIEJ’Ka, B CTPYKTYpPe OCHOBHOM IpodeccCHOHATBLHOH 00-
pas30BaTeJbHOH NIPOorpaMMbl MECTO AUCHUILIMHLEI B MaTeMa-
THYEeCKOM U €CTeCTBEHHOHAYVYHOM ITHKJIE.

B pesyabTrare 0CBOGHUA AUCIHUIIIKHBEL 00y4alOINICH
JIOJI’KEH YMeTh PelIaTh NPHUKJIaAHbIe 3aJa4d B 00J1aCTH HpO-
¢eccnoHANBHON JeATENIBLHOCTH.

B nporecce ocBoeHNA AUCIUILINHBL 00y4UAOMIHIICS FOJI-
SKeH TOHATH:

— 3HAUeHUEe MaTeMaTUKU B IPOodeCCHOHANBHON AeaTeb-
HOCTH ¥ IIpM U3yUeHHH NpodeccHOHANbHOIE 00pa3oBa-
TeJIHLHON IIPOrpPaMMBl;

— OCHOBHbI€ MaTe€MaTHYECKNE METONBI pellleHHA NIPHU-
KJIAJAHBLIX 3aja4Y B o0jjacTu npodeccHoHAJLHOHN Jed-
TeJIbHOCTH;

— OCHOBHBIE IIOHATUA U METOABI TEOPHUU BepPOATHOCTEH
M MaTeMaTU4eCcKoil CTATUCTUKH;

~— OCHOBBI MHTEI'PAILHOrO U Fu(depeHIHAILHOI0 UCUHC-
JeHud.

B yue6HOM M3ZaHHNM pacCMAaTPHUBAIOTCA OCHOBHBIE IIOHJA-
THS CJHELYIOIINX PasfesioB MaTeMaTHUKH: aiarebpa, Teopus
npejeJioB, OCHOBEI MaTeMaTH4yecKoro asaausa (guddepen-
IyajbHOe ¥ HMHTeTrpaJibHOe KMCYHCJIeHHe), HAUCKpeTHad Ma-
TeMaTHKa, JIOTHKA, TEOPUs BEPOATHOCTH, MaTeMaTHuecKas
craTuCTUKa. KpoMe 3Toro, B M3JIOMKEHMH IpefycMOTpPeHa
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HHTETpamys CO CJIeAYIONIAMH JUCHHILINHAMM: MeJUIINHCKAA
CTATUCTHKA, BAJIEOJIOTHI, AHATOMUS, IeJNATPHUS, Tepalus,
3KOHOMMKKA ¥ yIIpaBJieHUe 3APABOOXPAHEHNEM. ¥ YUTHIBACTCA
npodecCHOHAbHAS HATIPABJAEHHOCTE Kypca MaTeMaTHKH, YTO
crrocobcTBYeT BOCHHTAHUIO Y CTYACHTOB YEEPEHHOCTH B IIPO-
tdeccroraIbHOIN 3HAUUMOCTH H3yUaeMoro npeamera. Pemas
3agaqu u3 o61acTy GpapMaKoJIOruy, GHOJOTUHA ¥ METUITUHEL,
CTYAEHTHI y0eXKAaoTCca B CIPaBEAJIUBOCTH TEOPETHUYECKUX
OCHOB MaTE€MATHUKH M BUAAT UX NPAaKTHYeCKoe IPIMeHeHHe.

Hnsa kamaoro pasfesia paccCMaTPHBaeMBIX TeM MaTeMa-
THUKH JaH KODOTKHIl MCTOpDHYECKHH OUepK IO HCIOJb3ye-
MEIM TIOHATHAM. ITOT MarTepral NOIEPKIBAET SHAYUMOCTD
KU3ydaeMor'o MaTepuasa, cosfaer atMochepy HeobGXOIMMOCTH
ocBoeHHs 6a30BOro MareMaruiyeckoro 6araxka saumii. Kpo-
Me 3TOro, HOABIAIOTCA CO3HATeJbHBEIE MOTHBBHI M3yYeHHUSA
npegmeTta. MoTusanua ¥ NMpodMJILHOCTE B COBPEMEHHOM
o0yueHHH HUIpaT BaKHYI0 POJb B YCIEIIHOM YCBOGHHH
aucnumnuebl. Kasxaas tema BrAouaeT B cebs mepedyeHb
HM3y4YaeMEBIX TePMEHOB, OCHOBHBIE TeOpeTHUYeCKNe HOHATHA,
IIpUMepBl PelIeHud 3a/ad, 3afaHUA AJIA CAMOCTOATEIbHOMN
paGoThl, KOHTPOJLHEIE BOMIPOCHL.

ens cospanuA KHHUIMM 3aKJIOYAETCSI B TOM, YTOORI IO-
MOYb CTYACHTAM DACHIMDHUTH, CYMMHDOBATH M CHCTEMATH-
3UPOBATH 3HAHUSA II0 MAaTeMaTHKe, NOJYUYeHHBIE€ B CpeqHeil
LIKOJIE, a4 TaKKe HayYUTh UX [I0Jb30BATHCI UMH RJA COBEp-
IIeHCTBOBAHNS HAaBHIKOB CBOei Oyayieil paGoOTEI.

Hnss HTOroBOro KOHTPOJSA 3HAHUM NpeAJIOKEHBI KOH-
TpoJbHAA paboTa M TeCTOBLIE 3afJaHUA IO BAPHAHTAM, BO-
npoce gad augdepeHITNPOBAHHOIO 3a9eTa.

Yuebuur MoxKer OBITHL MCHOIB30BAH KaK IIOA PYKOBOJ-
CTBOM IIpellofaBaTelNis, TAK M JJIA CAMOCTOATEJLHOTO H3Y-
YeHHS CTYJEHTaMH, TaK KaKk B KaXKXOH rJIaBe B KauecTBe
[IpUMepOB NpeJJIOKeHEl 332Ul ¢ PEeIIeHNSIMA 1 OTBETaMH.

KHura noMosxer cTyZeHTaM B H3YYeHHM OCHOB BRICIIEH
MaTeMaTHKHM ¥ OyJeT HOJle3HA LPEMofaBaTeNsIM AJA pac-
CMOTPeHHA NPOPHUIBHON HANPABJIEHHOCTH MeIHIIMHCKOH
MaTeMAaTHKH.
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PA3IEN 1

(CHOBHbIE MATEMATINYBCKUE METORbI
NEWEHIAA APWKTIANHBIX 33784 B ofnacTu
NOGIECCHOHANbHOM [IBATRbHOCTH

Tema 1.1. Ponb u mecto matematuku
B coBpemeHHOM mupe. Mponopuma.
3afa4u Ha NPoLeHTbl

%{;@ TepMuHb!
¢ [Iponopuus e EMMHUIB! AJUHBI
e OCHOBHOE CBOMCTBO o EAMHAIILI TIJIOIIAAN
IPOTIOPIIIH e Equnnisl o6bema
¢ [IpouenT e EQVHUIILI Beca
e 3aavyd HA IPOLIEHTHI e [IpaBuia OKpyrJIeHUs THUCET
¢ [TponeHTHAA KOHIIEHTpanud e AGCoMIOTHAS TTOTPEUIHOCTD
pacreopa e OTHOCUTEJNLHAA MOTPELIHOCTh
e Kounenrpallus pacTeopa N3MepPeHUusa

B COOTHOUIEHUN

== .
[¢ OCHOBHBIE IOHATHA

Ponb ¥ MecTo mMaTeMaTuku B COBpeMEeHHOM Mupe

MaTtemarnueckoe oOpaszoBaHMe HOJIXKHO COCTABJIATH
HeOT'HEeMJIEMYIO YaCTh KYJIBTYPHOro Garaska JIo6oro cospe-
MEeHHOI'c 4dejoBeKa. HO OHO He JOJXKHO HHUKOMM 00pasoM
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CBOJMUTHCA K perentypaM (6yAab To Tabauia yMHOXKEHUSA NI
pacueT aHTPONOMETPHUUYECKHX MHIEKCOB).

OcHOBHOI! 1eJIBI0 MaTEeMAaTIYeCKOoro 06pa3oBaHus AOJIK-
HO GBITE BOCMIUTAHNE YMEHUS MaTeMATHIeCKH HCCIef0BaTh
ABJEHUA peassrHOro Mupa. CnocoGHOCTE COCTABASATL M HC-
CIe0BaTh MaTeMaTUYeCKHe MOJEIN ABJAeTCA BaKHelel
COCTaBHOMH YacThIO 3TOro yMeHH.

Hauaso mepuojia 31eMeHTAPHOH MaTeMaTHKY OTHOCAT K
VI-V Bs. A0 H. 3. K aTomMy BpeMeHM ObLI HakoIlJIeH A0CTa-
To4HO GoapInoi daxrTmudekuit Marepuasn. IloHumManue Ma-
TEeMATHKH KaK CAaMOCTOATENbHON HAYKU BIIepPBble BOZHUKJO
B llpeBreit I'penun. B TeueHue 3Toro nepuojia MateMaTude-
CKHMe HCCJIeOBaHUS MMEIOT AeJO JHIOL C JOCTATOUYHO Orpa-
HUYEHHEIM 3aI1acOM OCHOBHBIX MHOHSTHI, BO3HUKINHX JJs
VIOBJIETBOPEHUA CAMEIX IPOCTHIX 3aIPOCOB X03AUCTBEHHOHN
JKusHH. PasBuBaerca apudMeTNKa — HAYKA O IpocTefmmx
CBOMCTBAX HCeJI.

B nepuon passuTuA 37eMeHTaPHON MaTeMaTHKH IIOABIA-
eTCs TeOpUA Yuce, IIOCTEIIeHHO BhIpocIias u3 apudMeTHKH.
Cosnaerca anreGpa kax GyxkBeHHOe mcunciesme. O6obmia-
ercsa TpyA GOJIBLIOro YMCJIa MATEMaTHKOB, SAHUMAMOMINXCA
pelneHyeM reOMeTPHYECKHX 3a/a4, B CTPOMHYIO H CTPOTYIO
CHCTEMY BJIEMEHTAaPHOH reoMeTpHHU — TeoMeTpuio EBkimga
(300 seT m0 H.3.), U3JIOXKEHHYIO B €r0 3HAMEHHUTOM TDYJAE
«Hauasa», BRIouaomeM 15 xHnr.

B XVII B. 3ampochl ecTecTBO3HAHUA M TEXHHKU IpH-
BeJU K CO3JaHHI0O METOAOB, NO3BOJIAIOIIMX MaTreMarTuye-
CKM W3y4YaTh JBHJKeHVe, IIpoIecChl USMeHEeHHUA BeJIHYHH,
npeoGpasoBanue reoMerpudeckux ¢uryp. C ynorpebaenus
NepeMeHHbIX BeJIMYUH B aHAJUTHUIECKO reOMeTpUH U CO3-
AaHnd nudpdepeHIHAIBPHOI0 U NHTErpaJbHOI0 HCUHCIeHNA
HayMHaeTCd IIepHof MaTeMATHKH II€PeMeHHBIX BeJWYUH.
Beaurxum orkpuitueM XVII B, sBasercs Beegentoe . Hrio-
TogoM (1643—1727) u I. Jleitbuunem (1646—1716) nonsaTue
GeCKOHEYHO MaJIof BeJIWYMHBI, CO3/JaHMe OCHOB aHalIu3a
6eCKOHETHO MAJIBIX (MATEMaTHIECKOTO aHAJIM3a).

Ha meperlii miaaH BeIABHraerca noaAtHe GyHKIHH.
POYHKIUA CTAHOBHTCH OCHOBHHIM NpEAMETOM H3yYeHUA.
WUszyuenrme QYHKIUM NPUBOAUT K OCHOBHBIM HOHATHUAM
MaTeMaTHYeCKOr'o aHANW3a: Ipefesly, NPOM3BOAHON, Aud-
epernmany, HHTErpaIy.
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K sToMy BpeMeHM OTHOCHTCS M MOSBJIE€HUE reHUaJbHOM
unen P. Ilexapra (1596—1650) o meToae koopauaar. C ogaOMN
CTOPOHEI, CO3JAaeTcsaA aHAJIUTHYECKas reoMeTpud, KOoTopas
MO3BOJIAET M3Yy4YaTh reoMeTpuYecKHe OOBEKTHI METOZAMU
anreOpsl ¥ aHaau3a. C Apyroil CTOpOHBI, METOA KOODAWHAT
OTKPBLJI BO3MOXKHOCTH I'eOMEeTPHUYECKOl HHTepHpeTanuy
anredpanmyecKuX M aHAJUTHUYECKUX (PAKTOB.

HNansHelinmee passuTHe MaTeMaTHKM B Hadaje XIX B.
IpUBEJIO K MIOCTAHOBKE 3aJlaUy U3Y4YeHNA BOSMOKHEIX TUIIOB
KOJIHYeCTBeHHBIX OTHOMIEHWH H IPOCTPAHCTBEHHBIX GOPM C
JOCTATOYHO O0IIei TOYKY SpeHud.

CBsA3b MaTeMaTHKHU ¥ €CTeCTBO3HAHMA NPUOGDETaeT BCe
6oJiee caoxHBIe GopMmel. HoBble TeOpHH BOSHUKAIOT HE TOJb-
KO B pesyJIbTaTe 3alIPOCOB €CTECTBO3HAHUSA U TEXHUKH, HO U
BCJIe[ICTBHE BHYTPeHHeH MoTpeGHOCTH MaTeMATHKH. 3aMeda-
TeJILHBIM IIPEMEpPOM TaKO0H TeopuUM ABJIAeTcA BooGparxaemas
reometpus H.W. Jlo6auescroro (1792—1856). UcneaoBanus
maTeMaTHKOB B XIX m XX BB. IO3BOJAIOT OTHECTH €e K
nepuoAy COBpPeMEeHHOH MareMaTwiH. PaseurHe caMoil Ma-
TEeMaTHKM, MATEMATH3alUs PasJINYHBIX o0JacTeid HAykH,
IPOHMKHOBEHNE MaTeMAaTHYeCKUX METOAOB BO MHOTHE CepEl
IpaKTUYeCKOH [eATeIbHOCTH, IIPOTPECC BBHIUMCIUTEILHOM
TeXHUKH IIpUBEJU K MOABJEHHI0 HOBBIX MATEMATHIECKUX
JUCIUAIIIME, HATIPHMEP: MCCIeAOBaHNE ollepaluil, TEOpUSA
Urp, MaTeMaTHYecKas 9KOHOMUKA U AD.

ITocTpoeHne MaTeMaTHYecKOil Teopuu 6asmpyeTcs Ha
aKCHOMATHYECKOM MeToje. B OCHOBY HaydHOU TeopHH IIO-
JIO)KeHbI HEKOTOphIe MCXOJHBIe IOJIOXKEHNSA, HasblBaeMble
aKCHOMAMH, a BCe OCTaJbHbIe IOJOXKeHUA TeOPHH IOoJIyda-
IOTCS KaK JIOTHYeCKUe CJIeACTBUS aKCUOM.

OCHOBHBIMH METOAAMH B MATEMATUIECKUX HCCIE{OBAHU-
SIX ABJIAIOTCA MaTeMATHUYECKUe JOKa3aTeJbCTBa — CTPOrue
JIoTM4YecKHe paccy KgeHud. MaTeMaTHYecKoe MBINLJIIeHUEe He
CBOJUTCH JUIML K JIOTHUECKUM paccy:kieHusam. na mpa-
BUJIBHOH IIOCTAHOBKH 3ajJau, AJs OLEHKH BeIGOpa crmocoba
ee pellleHHsA HeoOXoAMMa MaTeMaTU4ecKasd UHTYUIUA.

B MaTemMaruke M3y4aloTCsI MaTeMaTHYeCKHe MOy
o6mekToB. OfHaA M Ta JKe MaTeMaTHYecKas MOJeNb MOMKeT
OIMCHIBATH CBOMCTBA JaNeKHX APYT OT Apyra pealbHBIX SB-
Jeuuit. Tak, ogHo M To Ke aAuddepeHIINAILHOE YPaBHeHNE
MOKeT OIMCHIBATE IIPOIeCCHI POCTA HAaceJleHHs U pacmaj
11



PAIMOAKTHBHOrO BemecTBa. (i1 MaTeMaTHKH Ba'kHa He
NPHUPOJa PACCMATPHBAEMEIX O0BEKTOB, 8 CYIIECTBYIOMITe
MEeXXKIY HUMM OTHOIIEHHHA.

Uenpio M3yueHMs MATEeMATHKH SBJSETCH IIOBBINIEHHE
o6IIero Kpyroaopa, KyJabTYPhI MEIIILIEeHUA, (hopMupoBaHTe
HaYYHOT'O MUPOBO33DEHUS.

MareMaTHKa — HAYKA O KOJIWYECTBEHHBIX OTHOLIEHUSAX
¥ IPOCTPAHCTBEHHEIX (opMax AeCTBHTEAbHROTO MUDA.

Axanemux Annpeit Huxkomnaeswu Koxmoropos (1903—
1987) BrIzenser YeTsIpe néhuoLa PASBUTHAA MATEMATHKN:

e 3apOXKJACHIE MAaTeMaTHKH;

e 3JIeMEHTapHasa MaTeMaTHKa;

» MaTeMaTHKa NepeMeHHEIX BeJWYNH;
e COBpEMEeHHAsI MATeMAaTHKA,

B Hamre BpeMs HY Of[HA HAYKA M HU OLUH IpeAMeT He
obxoxsaTcs Ges MaTeMaTUKH B J06oM ee BEIpaskeHHH. Oco-
GeHHO TeCHO MaTeMaTHKa CBA3aHa ¢ Bce 6oJiee HApACTAIOMIUM
mporpeccoM u BceoOmiell KoMIbIoTepH3anueii.

B a1060it coBpeMeHHOIT 00J1aCTH HAYKHM MATEeMaTUIECKYIe
BEIYNCJIEHNS HUTPAIOT IJIABEHCTBYIOILYIO POJIb, IPUYEM pac-
YeTHI BCe BpeMA YCJIOKHSAIOTCS B TeOMETPHYECKOH IIporpec-
cuu. A UTO Kacaercs MeJUIIMHBIL, TO 3[eCh C HACTYIJIeHUEeM
HOBEIX TEXHOJOTHH M TOUYHBIX pacueToB 3ddeKTHBHOCTH
nedenus 6ymer paBHa npakrudecku 100 nponenram. Bee
GoJIbIlIe HOBBIE METOABI JEUeHUH, Aa’Ke HEKOTOphle HOBHIE
JIeKapCTB4, a TaKiKe HeKOTODhIe MeAMIIMHCKIEe DKCIIepIMeH-
TRI MOJICIMPYIOTCH ¥ paspabaTsIBAlOTCA ¢ IOMOIIBIO TOK XKe
MAaTeMATHKH ¥ KOMIBIOTEPOB.

B MaTeMaTHKe MCHOJB3YIOTCH TP BUAA YMO3AKIIOUEHMIt:
JeAYKIUs, NHAVKINAA ¥ IO aHAJIOTHH.

Wuaykmua — MeToA MCCHeAOBaHHA, B KOTOPOM OOII{HMi
BBIBOJ] CTPOMTCA Ha OCHOBE YAaCTHBIX PacCy’KAeHH.

Henyxnua — cnioco6 paccyx/aeHus, I0CPeICTBOM KOTO-
poro oT O0IUX BHICKA3BIBAHUH ((GaKTOB) crefyeT 3aKJIIoue-
HHEe YACTHOI'O XapaKTepa.

AHajorMyHEIe PACCYKAEHNUA Yalle BCero UCIoNIb3yIOTCs
yUYAIMUCS OPU PellleHUH 3aKad.

MaTteMaTHKa HrpaeT Ba’XHYIO DOJIb B eCTeCTBEHHOHA-
VYHBIX, MH)KEHEPHO-TeXHUYECKHX ¥ I'yMadHWUTapHBIX HC-
caeposanusx. [IpMuNHEA IPOHUKHOBEHHS MATEMATHKH B
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pasJMYHEIe OTPACHM 3HAHUI 3aKJIIOYA€TCSI B TOM, UTO OHa
npejjiaraer BecbMa YeTKHe MOAEIH AJNA U3YUYeHUs OKPYKAI0-
el JefICTBUTEILHOCTH B OTJINYMe OT MeHee o6Imux u Goree
pacCIIBIBYATEIX Mojeseli, npejjiaraeMbIX ApyTUMHE HAYKaMH.
Bes coBpeMeHHOH MaTeMaTHKH C €€ Pa3BUTEIM JOTHUECKHM
¥ BBRIYMCINTEJbHBLIM annapaToM OBLI GBI HEBO3MOXKEH IIPO-
rpece B pasIMYHBIX 00JACTAX YeNOBEeUeCKOil AesTeIbHOCTH.

MaremaTura ABJIAETCA HE TOJHKO MOIIHHIM CpPeACTBOM
pelleHus TPUKIAZHLIX 34434 M YHUBEPCAJIbHBIM S3BIKOM
HAYVK¥, HO TaKKe M dJeMeHTOM o0mei KyIsTypel. B co-
BpEMEHHOM MUPEe Bce 00pa3soBaHHBIE JIIOAM HMCIOIL3YIOT B
JKUSHY 3HAHMSA MaTeMaTHKH, MOJNyYeHHbie B HIKOJE, BY3e,
Apyrux y4eOHEIX 3aBefAeHUAX. Bce yMeroT cHuTaTh, 3TOMY HaC
Haydmia aprdmerura. Bece yMeOT BHIIOJHATE M3MEPeHUsA
JVHeHKO# U IUPKYJIeM, 3TOMY Hac y4uT reoMerpua. Kpome
3TOr'0 MBI IIOCTOSIHHO B TeUEHHe HaIned Ku3HH pelaeM 3a-
JauM, HanmpuMep, HA HAXOXKJeHVe IIPOIEHTOB, BhIUYNUCIEHNE
HauboJLIIero ¥ HAMMEHbLINEro 3HAUEHUs, IPOCIYUTHIBAEM
YHCI0 BADUAHTOB, OIIpeJeiseM BePOATHOCTh TOTO MM MHOT'O
CcOOLITHSA, AHAJIUINPYEM CHTYAIHH, UCIOJb3YEeM AJrOPUTMBI
BBIIIOTHEHHUA dero-au6o. 3ToMy BCeMy HaC y4aT pasjandHbIe
paspessl matemaruxku. Ho B cuiy cBoeit o6pa3oBaHHOCTH
YeJIOBEK He OTHaeT cefe oTueTa B TOM, UTO 3TO DIIEMEHTH Ma-
TeMAaTHKIM, OH pelIaeT mpocTeiiiue 3aJauy aBTOMATHIECKH.

B nacrodAmniee BpeMsa MaTeMaTHKA BILIOTHYIO MCIOJL3Y-
eTcs B OCHOBHOM JJIft CIEAYIOIIUX HeJeil:

— usydeHne 0a30BHIX M CIleNUAaNbHBEIX pasfielioB Ma-
TEeMATHKM BO BCeX y4YeGHBIX 3aBefeHUAX: MIKOJaX,
YYHIMIAX, KOJLIeqKaxX, By3ax u T. I.;

— HCIOJL30BAHME MATeMaTHYecKOH cocTaBiAamoIeii, CBs-
3aHHOM ¢ paboroiif Ha 9BM (pabora B BEMMUCIUTEIBHBIX
IIeHTPax);

— NpUMeHeHMe MaTeMaTHJYeCKHX 3ajad, peHIaeMbIX B
HAYYHO-HCCAe0BATENLCKIX H HAYIHO-IPAKTHISCKHUX
opragusanuax (HUU, KB u T.1.);

— IOMCK HOBBIX peIllleHuil MaTeMaTHYeCKUX 3ajady,
npoBeleHne HCCAENOBAaHWI B pPAasSIMYHEIX pasjenax
MaTeMaTHKH (Hayunad pabora).

Ilnsa Tex, KTO HAOPAMYKI He CBA33H C MaTeMaTHKO,
cyImecTBYeT HeoOXOAUMOCTS IIOMOJHATH M PACHIMPATS 3a11aC
MAaTeMATHYeCKMX 3HAHUH. ¥ CTYJAEHTOB ¥ yqanmxcx JOJKHO
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ObITH cHOPMHUPOBAHO NIpEACTABICHNE O MaTeMaTHKe Kak O
TeopeTHyeckol 6aze, He0OOXOAUMOI AJIs HIPUMEHEHH BO BCeX
chepax obiredesroBeuecKoi KU3HH.

IIpn n3yueHuu MaTeMaTHKY B CHCTEMe CpeHero npodgec-
CHOHAJIBHOI'O 00pa30BaHMA CIeAYeT OMMPAThCA He TOJILKO HA
o6pasoBaTe/ibHEIE IIeIH OOYUEeHHs, HO W HA DPa3BUBAIOIUE
u BocnuTareasHbie. O6yueHre MaTeMaTHKe JOJKHO PEIlaTh
CJIeAYIOIINe 3a4ad:

-— ($OpMHPOBATE YCTOMYMBEIN MHTEpPEC K MATEMAaTHKE;

— pa3BUBATh BHIUMCINTENLHBIE HABRIKK 1 MaTeMaTHue-
CKHe crocoOHocTH ¥

— CHOCOOCTBOBATH CO3HAHMIO G0JIee 0CO3HAHHBIX MOTHBOB
H3YIeHUA MATEeMATUKH;

— pACIUMDSATH NPEJACTABICHHUA CTYHNEHTOB M YYAIIUXCS
o cdepax NpUMeHeHUA MATEMATHKI B €CTECTBEHHBIX
HAyKaX, B 00JlacTH T'YMaHUTApHOW JeATeXbHOCTH,
HUCKYCCTBe, IPDOM3BOACTBE, OBITY;

— ¢opMupOBATh HpEJACTABJIEHHE 0 MaTeMATHKE KaK O
YacTH 00lIie4yeIoBeYecKoil KyJIbTyphl;

— ¢IocoOCTBOBATE ITIOHUMAHHIO 3HAUMMOCTH MaTeMaTUKU
N 00IIecTBEeHHOTO IPOrpecca;

— pacIiupaTh chepy IPUMEHEeHHS MaTeMaTHUYeCKUX
3HAaHUN M CII0CO0OB BBIMTOJHEHHUS MAaTEeMATHYECKHUX
Opeo6pasoBaHUM yUalUXCsI U CTYAEHTOB;

— ¢opMupOBATE IIpeACcTaBIeHNA 00 00 BLEKTUBHOCTH Ma-
TeMATUYeCKUX OTHOINEHHUH, MPOABIAIINNXCA BO BCEX
cepax AeATeJIBLHOCTH YesIOBeKa, KaK (JopM OTparkeHus
peaybHOM AeHCTBUTEILHOCTH;

— TOTOBHUTH 00YUaEMBIX K IPODHUILHOMY HallpaBJeHHIO,
OPHEeHTHPOBAaThL Ha Gyaymy:o mpodeccuio;

— pa3BUBATH JIOTUYECKOE M IIPOCTPAHCTBEHHOE MBIIII-
JIeHne;

— ¢opMUpOBATH HABBIKU NePEBOJA NMPHUKJIAAHBIX 3a7ad

| Ha A3BIK MATEMATHKH M YMEHHS COB3JaBaTh MaTeMa-
THYeCKHe MOLEJIH AJIA CUTYAITUOHHBIX 3akad # T.A.

IIpu npoBeseHuM 3aHATHI 0 MaTeMaTHKe Ha JO60M
ypoBHe o0ydeHUdA CJIeAyeT VUUTHIBATH MEXKIpeAMeTHEIe U
BHyTpUIIpeAMeTHEIe cBA3K. Omopa fenaercda Ha IIKOJILHYIO
MaTeMaTUKy ¥ IpeAMeThI, KaK H3y4YaeMmble B HIKoJe: (U-
3UKa, XUMHIA, ON0JIOrus, TaK X He M3yuaeMble B OCHOBHOM
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LUIKOJIe: 3KOHOMHKKA, OMOXMMUs, yHpaBjieHHe 3ApaBoXpa-
HEeHHeM H T.JA.

OueHp BaKeH KOMIOETEHTHOCTHBIN IMOAXOX AJIS KasKAO#
KOHKPETHOH CIenualbHOCTH: CTYASHT AOJKEH YeTKO Ipes-
CTABJATH CBOM YMEHNUS W HABBIKH JJIA MCIOJIH30BAHUSA B Oy-
ayimei npodeccun. OGBITHO KOMIETEHTHOCTD IPEACTABAEHA
TpeMs COCTaBJAIOIMUMH: 3HAHWA, yMeHHUdA, HaBhIKH. s
CTYAEHTOB MeRHMIMHCKOTO KOJUIef:Ka, OyAymux paboTHH-
KOB 3ApaBOOXPAHEHNA CPEAHEro 3BeHa, MOXKHO ONPEeeNINTh
cJaepyomiue obmye meam;

— yMeHHe BHINOJHATH pPa3jNdYHbIe BEIMUCIEHHA, YCTHO,

Ha fyMare, ¢ MOMOIUBI0 KAJNBKYJATOPA MM HA KOM-
neI0TEDE;

— COCTaBJIeHNE K 3al0JHeHUe PA3IHYHEIX Ta6auI, T. €.
COBEPIIEHCTBOBAHHE YMEHHA CTPYKTYPHPOBATH YHC-
JOBRYI0O MHGOPMAIHTIO;

— IIOCTPOEHHe ¥ YMeHNe YUTATEH PasiudHble rpaduxy u
ZUarpaMMEl.

JIJIa pocTHXKEeHUs IIOCTaBJIEHHBIX Iieseil mpemojaBaTesb
MMOKa3bIBaeT KOMILIEKCHBIM MOAXOJ B HCIIONH30BAHMHM Ma-
TEMaTHIECKNX 3aKOHOMEDHOCTEel B pPAa3JIHMYHBIX OTPACHAX
COBpeMEeHHOIr'0 IIPOU3BOJACTBa. Hanpumep, AAA ycHeIIHOMH
paboTH ¢ MAITMHOCTPOUTENBHOM TEeXHMKON HeoGXOAUMEBIM
ABJISETCA YMEHHe YUTATh YePTEeKH M CXEeMEI, UCIIOJIL30BaTh
(opMYyJIEI TEOMETPHH ¥ TPUFOHOMETPHM, ONPEJENATE YCJIO-
BUSA YKOHOMUYECKOTO MCIIOJb30BAHUS DPA3JIHIHOTO CHIPHA
M MaTepuayioB ¥ T.4. Hna Kaxkqoil CHenMaJbHOCTH CyIe-
CTBYyeT CBOe Ipo(huIbHOEe HAIIPaBJIeHNEe MATEMATHKH. A Jid
CTYAeHTOB-MeAUKOB HeoOXoAuMO yMeHHe 06e30IIH00YHO
BLIYHCJIATh BCEBO3MOMKHBIE IOKA3aTeNH, OPUEHTHPOBATHCA
B rpa¢mdecKoM npejcraBieHuM HHbopMamuy (CTPOUTH
rpadUKy pasaMYHBIX (QYHKOHUE), a TaksKe oOpabaTniBaTh
CTaTUCTHYECKHUE JaHHEIE.

Kax usBecTHO, KaKABIN YesIOBEeK MCIIOJIL3YeT MaTeMa-
TUYeCKHe 3HAHWA B OBITY M HNPUMEHAET UX NPH pelleHUMN
IIPAKTHUYECKUX 3aJa4. BRIuncIeHne HeOOXOLMMBIX OTHOIIIEe-
HWH ¥ BeJIMYHH JUIA JOMAIITHETO CTPOUTEIHCTBA, KYINHAPHH,
SKOHOMMYECKOr0 BeAeHUs X03sdiicTea, BHIOOp IIapaMeTpoB,
XapaKTEePUCTHK O0BEKTOB, CAMOCTOATENbHEIE M3MEpeHHsd,
BEIUKCJICHUA BeJIUYNH, BHIIOJHEHNE IPHOIMKeHHBIX BEIYHC-
JeHWil, YMEHHe M0Jb30BaThCA TAGINI[AMH U CIIPABOYHHUKAMY
15




B JJOMallIHel PaKTUKe, BEIYHUCIEeHNE IPDOIEeHTOB, PACXOAOB U
IOXOA0B — BCE 3TO CBA3AHO C MATEMATHKON ¥ NPUMEHEHNEM
MaTeMaTHYeCKHX 3HaHMH B JoMallHeil IpaKTHKe.

ToBopa 0 Heo6XoAMMOCTM MaTeMaTHUYECKHUX 3HAHUM,
cJeayeT ONHPAThCA Ha HX IPaKTHYecKoe IIpUMeHeHUe B
KOHKPETHEIX CHeINANIbHOCTAX.

MaremaTHuecKoe 006pa3oBaHue — ITO MCIOBITAHHOE CTO-
JIETUSIMHE CPEJCTBO UHTEIIEKTYaJIbHOTO PABBUTHAA B YCJIOBH-
SX MaccoBOro oby4yeHus. 'I}arcoe passurne obecneyuBaeTcs
IPHHATHIM B KAY€CTBEHHOM MATeMATUYECKOM 00pa3oBaHHU
CHCTeMATH4YEeCKUM, AeNYKTUBHBLIM H3JIOKEHUEM TeOopUH
B COYETAHMM C pellleHUeM XOpOIIo MoAo6paHHBIX 3ahad.
VenemiHoe nsyueHne MaTeMaTHKM obyerdaeT M yaydluaer
u3ydeHHe APYrux yueGHbIX AUCTUIINAH.

MaremaTuka — Haumbosiee TouHasd M3 Hayk. [losTomy
yuyeOHBIA IIpeaMeT «MaTeMaTHKa» o0yafaeT HCKIIOYHTENb-
HBIM BOCIIMTATEILHLIM IIOTEHIVAJNIOM: OH BOCHUTHIBAET MH-
TeJNIeKTYAILHYI0 KOPPEKTHOCTb, KDUTHYHOCTDH MBINILICHUS,
CIIOCOOHOCTE pasinyaTe 000CHOBAHHLIE M HEOOOCHOBAHHBIE
CYXJeHHUA, IIPUYIaeT K NPOJOIKUTEIbHON yMCTBEHHOMH
JIeATeIbHOCTH.

HOust MHOTHX OOyYaOIUXCS MaTeMaTHKa SABJIAETCA He-
06XORUMBIM 3JIEMEHTOM IIpeArnpodecCHOHaNBHON TOATOTOB-
K#. B ¢BA3M ¢ 3THM NPHUHIMIHAILHO Ba)XHO COTJIacCOBaHUE
MaTeMaTUKH ¥ JPYrux y4yebHBIX IIpPeIMeToB.

WUszydenre MATEMATHKH ABJIAETCA HEOTHEMIEMOM YACTHIO
M060i CIenuaabHOCTH CpPEeJHero 3BeHa, B TOM 4ucie u 6y-
AYIOUX MeAULNMHCKHX pa0OTHUKOB, U HA KaXKJOM SaHATHM
JOJIACHA HPOCIEKMBATLCA CBA3E ¢ MPAKTUKOH.

Mponopuua w 3010T0€ CEYeHune

B marematuxe npomopnueil (ot Jar. proportio) Ha3blBa-

a c

10T PABEHCTBO JIBYX OTHOWIeHHH: a : b= c : d uiu ; = ;

OcHOBHOE CBOICTBO IPOIIOPIUN: IPON3BeAeHNe KPalHUX
3JIEMEHTOB IIPONOPIUHM PAaBHO IIPOM3BEAEHUIO €€ CpPefHHuX
3JIeMEHTOB.
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C ApeBHHMX BpeMeH M3BeCTHA apMOHHMYECKas IIPOIOp-
s — 30JI0TOE CeUeHUeE.

3o.10moe cetenle — DTO TAKOE IPOIOPIHOHAILHOE AeJie-
HHE OTPe3Ka Ha HepaBHbIE YaCTH, IIPY KOTOPOM BECh OTPE30K
TaK OTHOCHUTCA K GoJbleit 4acTH, KaK caMa 6OJIbIIast YacThb
OTHOCHUTCS K MEHBHIeH; UKW APYTYMMHU CJIOBAMH, MEHBLIIWH
OTPE30K TAK OTHOCHUTCA K 60JIblIeMY, KaK 0ONBIINIT KO BCEMY
a:b=b:cuwmc:b=>:a.

(o4
a b
100%
382% 618%

Hpuanun 300TOr0 ceueHMs — BBICIIee NPOSIBJIECHUE
CTPYKTYPHOrO W (PYHKIIHOHANLHOTO COBEPUIEHCTBA IIEJIOTO
U €ro yacreil B UCKYCCTBe, HayKe, TEXHUKe U IIpUpoje.

Ecnau orpesoxk npuHATh 3a 100 uwacrei, To Gosbinas
YacTh 0Tpe3Ka paBHa 62, a MenbInaa — 38 yactam. Bropoe
30JI0TO® CeYeHVe BLITEKAeT M3 OCHOBHOTO CEUEHUA M JaeT
apyroe otHowenne 44 : 56. Takaa nponopuus UCHOJIL3YeT-
cfl B apXUTEKType, a TaKyKe MMeeT MEeCTO IIpY IMOCTPOeHUU
KOMITO3HIUIT n300paKeHu# YIINHEeHHOTO I'OPH30HTAJIBHOTO
dopmara.

Mpouexr

CaMO CJIOBO «IIPOIIEHT» IPOHMCXOJWUT OT JIAT. «Pro cen-
tum», 4TO 0O3HAYAeT B IlepeBojie «coTad Aona». B 1685 roay
B I[Tapuxe 6GplTa m3JaHa XKHHUTrA -« PYKOBOACTBO IO KOMMeEp-
yecKoit apndmernre» Matbe ge sa IIopra. B ogrom Mecrte
peus IIjia O MpoHeHTaX, KOTOphble Toraa obo3HavaaIn «Ccto»
(coxpaieHnHo ot cento). OngHAKO HAOOPIIMK IIPUHSII 3TO «Cl0o»
3a gpobb 1 Hameuartas «% ». Tak n3-3a onmeyaTKy STOT 3HAK
BOIIEJI B 06MxoxA.

3azauM Ha NPOIEHTHI MOXKHO PEIaTh PasHbIMU CIOCO-
faMM: COCTaBAASA IMPOIMOPIMIO; IO AeHCcTBHAM; 0003HAUWUB
HEN3BECTHOEe 3a X, COCTABJIAA ¥ peIias yPaBH Ime, ncng{m- A
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3yd JIOrMYecKue paccyxkieHus. anee nmpusezeH mnpumep
pellleHnd 3aJa4¥ ¢ IOMOIILIO IIPOIOPIHH.

U3 50 cryseHTOR msiTepo He MPHULIH HA 3aHATUS. OHpe-
JAeJUTe MPOLEHT MOoCeIaeMOCTH.

Pewenue:

CocraBuM Iponopnuio:

50 ct. — 100%

45 ct. — x%

45-100
x=_— "

50

=90%. *

Omeem: IPOLEHT IOcelaeMocTH pased 90%.

PaccMoTpuM TPH OCHOBHLIX BHAA 32444 HA IPOIEHTHL U
CIIOCOOEI MX peHIeHHus MO AeHCTBHAM.

1) HaiiTi YuCNo NO yKa3aHHOMY NPOLEHTY.

Hannoe uncno genurcs Ha 100, u DOTyYeHHBIN pesyabTaT
YMHOXKaeTCA Ha YKCJIO IIPOIIeHTOB.

IIpumep.

B oraenenun 3a cyTku B cpesHeM pacxoayerca 0,5 Kr
XJIOpHOM# m3BecTH. Bo BpeMsa reHepainHOIl yGOpKH HO-
Memenuil 6bL10 u3pacxozoBano 150% cpegHeCyTOYHOIO
KOJINYeCTBa XJOpHOU m3BecTu. CKOJBKO XJOpPHOH M3BecTU
HM3PACXOJOBAJ IIePCOHAN OTAENeHUS BO BpeMs reHepaIbHOIl
yb6opKu roMelreHus’? .

Pewenue:

1) 0,5 kr : 100% = 0,005 xr — B 1%.

2) 0,005 - 150% = 0,75 kr.

Omeem: 3a CyTKU BO BpeMsA reHepaIbHOH YOOPKHU U3-
pacxogoBano 0,75 Kr xJIOpHOU HU3BeCTH.

2) HaiiTi uMCNO NO NaHHOH BENAKYNHE YKAZAHHOrO €ro NPOLEHTa.

JanHas BeJIMYMHA AEIUTCH HA YHUCJIO NMPOIEHTOB, U pe-
3yabTaT YMHOXaeTca Ha 100.
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Bec xiopHoit um3BecTH B pactBope cocraBiageT 10%.
Crospko noTpebyercd BOALI A1 PasBeReHUA PacTBoOpa, eciau
M3BECTHO, UTO XJIOPHOI u3Bectu B3aau 0,5 kr?

Pewernue:

1)0,5:10 =0,05 kr B 1%.

2) 0,05 - 100 = 5 1.

Omeem: noTpebyercs 5 J1 BOJHL.

3) Haittu BbipaXeHue OIHOro YKCNIAa B NPOLEHTAX Apyroro.

VMHOxaeMm nepsoe yueao Ha 100 u pesynbrar nenum
HA BTOpPOE YHUCJIO.

IIpumep.

3a CyTKHU B OT[eNeHHM U3PacxoXoBaHO 765 r XJIODHOU
HM3BECTH BMECTO CPeJHECYTOUHOU HOpMBI pacxoza 500 r.
Ha CKOJBKO NIPOIEHTOB GOJbIle H3PACKOXOBAHO XJIOPHOM
uspecTu?

Petienue:

1) 765 — 500 = 265 r.

2) 265 - 100 = 26500.

3) 26500 : 500 = 53%.

Orset: Ha 53% OGoiblie U3PACXOAOBAHO XJOPHOH K3Be-
CTU 34 CYTKHU.

Mpasuna oxkpyrnexua 4ucen. MorpewHocTs

TIpu OKpYTJIEHUH YKCe UCIOAb3YeTCA CaeJyIollee YHU-
BepcaJbHOE IPAaBMJIO U3 ABYX MYHKTOB:

1) mumae TRPPE OKPYTIAEMOrO YHUCIa OTOPACHIBAIOTCH,
NpHYeM, eclM OHH IOcJe 3amsTol, To mpocto ybuparoTcs,
a ecJay HaXOZATCA B IENOH YACTH YHCIA, TO 3aMEHAIOTCS
HYJIAMHU;

2) ecnu mepsas or6packiBaemMas uudpa 5 unu Goibile,
TO OHA yBeJMYMBAeTCA Ha 1, a ecau HeT, To ocTaercs 6e3
H3MEHEeHU.
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Hanpumep, oxkpyraum umcao 0,9582 no TricAdHBIX, KO
COTBIX, A0 ZECATHIX U IO IeJhIX.

0,9582 ~ 0,958 ~ 0,96 ~ 1,0 ~ 1.

Oxpyriesve 4mces MCHOJB3YeTCH IIPH CTAHAAPTHOM
3aIUCH Yuca, obmuii BUA Takoil 3amucu

a-10n,rzel <a <10 ¥ n — Hesxoe YHUCIO.

Hanpuwmep, uucno 486 000 000 sanumiercsa B cTagzapT-
HOM Buje XKax 4,86 - 108,

a yucxo 0,000 000 000 012 3 =1,2 - 1071,

'

Abconomnasn nozpewnocms — AX ABISETCS OIEHKOM
abcosrroTHOH omMOKY H3MepeHus. Besrmuuna 3ol morpemr-
HOCTH 3aBHUCHUT OT cmocoba ee BLIYMCJIEHHA, KOTOPBIA, B
CBOIO OYepelb, OIpeleisieTcA PACIpedeeHHeM CIy4aiHOol
Beswyunsl X . IIpu stom pasencrso: AX =X, — X |,

meas® true meas'
rae X, ,, — WCTUHHOe 3HauYeHwue, a X — U3MepeHHOe 3HA-

meas
YeHUe, JOJKHO BBITOJHATHECI ¢ HEKOTOPOH BEPOATHOCTBIO,
Oimskoil K 1. AGCOIOTHAS MOTPEIIHOCTD U3MepSeTCs B TeX

JKe eJNHUIAX M3MEePeHNA, YTO U caMa BeJIUYHHaA.

Omuocumensvias nozpeutHocmys — OTHOIIEHHe abco-
JIIOTHOH NOTPENIHOCTH K TOMY 3HAYEHWIO, KOTOpOe IpHHHU-

AX
MaeTcs 38 UCTUHHOE: §, = ——.

X

OTHOCHTENbHAS NOTPENIHOCTh ABJsSerca Ge3pasMepHOHR
BeJIMYMHOMN 160 u3MepsAaeTcA B IPOIEHTAX.
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ATAHMA 5
A CAMOCTOATENbHO# PABOTBI

Né 1. OnpezenuTe, BEPHO JIU COCTABIEHA MPOIOPLA?
1 1
a) 4% :3% =36:26;
1 i

6) 3:7,5=2;:6;;

0,6 0,18
2)§=§2;
36
15 2,7
18 0,09

Omeem: a) na; 6) Aa; 6) Aa; 2) Het; 0) HeT.

Nt 2. Pemture nmponopnuio:
a) x : 51,6 = 11,2 : 34,4;

6) 6.8 _T7.62.

x 6,35

25 4 20
B) X:—=—I—.

6 7 21 '
Omeem: a) 16,8; 0) 56,5; 6) 2,5.

Ne 3. Uz pamHoil Hpomopuu# COCTABLTE TPM HOBBIC
MpONIOPL AN
a)5:15=4:12;
1230

0,2 0,5
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Ne 4. Pemure nponopruio:

3 1 .1

a) 5;:3;=5“:x;

6) x:3° =42:24;

1
2) —x:5=16:0,8;
2

1

0) O,2:(x-2)=l:22;
2

2 7
€) 2°:0,24=1°: (x+0,06).

Né 5. M3 faHHBEIX YeTHIpeX UMCeN IepBhbie TPH IPOHOp-
LHOHANBHEI YKcaaM 5, 3, 20, a YeTBepPTOE YHCJIIO COCTABJISIET
15% tpetnero. Haligure sTH umcia, ecIid BTOPOe YHUCIO Ha
375 MeHbIIIe CYMMBLI OCTATILHEIX.

Né 6. Pemre 3agadm mo teme «IIpaBuia OKpyriaeHus
unces. ITorpemHxocTs».

1) Mnuna mmpuna cocrasnser 6,5 + 0,1 cm. Onpenenute
abCOMIOTHYI0 M OTHOCUTEJIHHYIO MOTPELTHOCTh N3MepeHHA.

2) Hsmepunu TeMmeparypy NamueHTa, OHA COCTABHJIA
38,3 °C + 0,05 °C. Onpegenute abCOMIOTHYIO B OTHOCHTENb-
HYI0 IOrPEeUIHOCTh N3MEepeHUs.

3) HaMepusnm TONIMHY dYelIOBEUECKOro BoJoca d H
paccrosHHe ot 3eMan fo Jlyuwr l. [Moayunmn d ~ 0,15 MM
¢ rouyHocTsio 0,01 MM u [ ~ 384000 KM ¢ TOWHOCTBIO KO
500 kM. CpaBHHTe KadecTBa HM3MepeHHi, OIEHHUB OTHOCH-
TeJbHbIEe MOrPENIHOCTH.
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4) Oxpyraure uucno 82 719,364 no TeICAY, KO COTEH, A0
JeCATKOB, J0 eIUHHUI], JO HeCATHIX, N0 COTBIX.

5) Haitaure cpeiHee apudpMeTyecKoe KOJIMIECTBA MHB-
eKUUH B JeHb II0 IajJaTaM TepaleBTHYEeCKOro OTAeJIeHHUs
OOJILHMILI U Pe3yJbTAaT OKPYIJIUTe 0 IEJEIX I10 JaHHBIM

TabIUIBL: |
Ne manmarTsl KonndecTBO HHBEKIIHI
1 6
2 5
3 2
4 12
5 7
6
7
8 15
9 2
10

Ne 7. BamonuuTe TAbMNIY:

1% 2% 5% | 10% | 15% | 20% | 25% | 30% | 50% | 75% | 100%
0,01

1

100

N 8. JIa6opanraM 6L10 AaHo 3ananue obcnenosaTs 280
aHanuzoB. Oru paccmorpenn 350. Ha cKoIbKO MPOIEHTOB
na6opaHTH! HepeBbInoTHUIN 3afaHne? Ha cKoIbKO IpoleH-
TOB J1aGOPAHTHLI BHIOJHIIN 3afanue?

Omeem: 25%, 126%.
Nt 9. B xakoe K0JIHUYeCTBO BOABI HyKHO A00aBuTs 200
XJIOpHOI u3BecTH, 4To6b1 moxyuniaca 10% -Helit pactsop?

Omeem: 1,8 1 BOAHIL.

No 10. JlexapcrBeHHas pOMAIKa HIPHU CYIIKe Tepser
84% cpoeit Macchl. CKOJIBKO POMAIIKK JOJIKHEI coGpaTh
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IIKONBHUKM, €CNY OHM OGA3ANNCH BBHICYIIMTH W CHATH B
anrtexky 16 kr sroro pacrenua?

Omeem: 100 xr.

Ne 11. Mosnoko naer 25% cauMBOK, CIMBKY garoT 20%
macna. Ckonpko Macna monyuures us 240 xr mMomoxa?

Omeem: 12 kr.

: i
Nt 12. Cxompko % CONM COAEPMKHUT PAaCTBOD, €CIH OH
61 mosrydeH us 60 r conmu u 140 r Bogs1?

Omeem: 30%.

Ne 13.

OmnpezgennTe MPONEHTHYIO KOHIEHTPALIUIO PACTBODA (KO-
JMYECTBEEHBIH COCTaB B %), €CJIN KOHIEHTPAIAA PacTBOpa
B cooTHonrennu 8 : 1000.

Orser: 0,8%.

Ne 14. Onpenennre KOHIEHTPALIMIO PACTBOPA B COOTHO-
IIeHUH, ecI NPOLeHTHAsA KOHIEHTpAalud cocraBuna 4%.

Omeem: 1 : 25.

Ne 15

Cvemany MHAMACKUE M rPYSMHCKUI 4ail, TAK 9TO MH-
audickuit gait cocrasur 30% Bceit cmecu. Ecnu B 3Ty CMeCh
noGaeuTs eme 120 r uAMiicKOro 9as, To OH GyJeT cocTas-
nath 45% cMecu. CKONBKG rPaMMOB MHAUNCKOTO Uas GHLIO
B CMeCH NepBOHAYANLHO?

Omesem: 132 r.

Ne 16. B xaxoe KoaIuuecTBO BOABI HYKHO XOGABHTH
300 r caxapa, uyTo6sl moxyunacs 15% -uelii pacTeop?

Ne 17. CKoaBbKO BOABI HYKHO B3ATH, UTOOHI U3 1 KT
XJIOpHO# u3BecTH moayumiucsa 10% -ueiit pacrBop?

Ne 18. CKoNBKO BOABI HY>KHO B3ATH, YTOGH! ¥3 1 Kr comu
nonyunicsa 17% -uriit pacteop?

26




Nt 19. B caHaTopu# OTABIXATH MYXYHHGI U JKEHIIUHEL.
My>xunHsI coctapaanu 920 yemoBek, unu 46% Bcex OTAHI-
xaromux. CKOJIbKO BCETO YeJIOBEK OTABIXATH B CAHATOPHH?

Ne 20. B anTexy mpuBesnH ABe mapruy jexapcrs: 500
yIIaKOBOK TabieTok ¢ cojepxanueM 15% aHTHOMOTHKOB
¥ 700 ymaxoBok TabneTox ¢ copep:xanneM 10% anTHOUO-
TMK0oB. B Kakoii mapTum TabNeTOK COAepXKHTCA Gojbime
aHTHOHMOTHKOB?

Ne 21. T'puber npu cymke TepaioT 79% CBOed Macch.
CKOJIBKO CYIIeHBIX I'PHOOB MOIyYuTCs, ecnd B3ATh 20 Kr
cBesux? -

Nz 22. O6BeM KpPOBH Y B3POCJIOTO UEJNIOBEKA COCTABIAET
5 1. [Ipu riayGokoM mopeae OH TepsieT 8% or obmiero obbema.
OnpegenuTe 06beM OTEPU KPOBH.

Ne 23. O6bem LUPKYJIHPYIOLieil KPOBM B OpraHusMe
cocraBiser 1/13 or maccsl Tena. B BeHO3HOI cucTeMe Ha-
xoputes 70%, a B aprepuansHoit — 20% Kposu. CKOJBKO
KPOBM HAXOJMTCA B BEeHO3HOH M apTepHaNbHOU CHCTeMax
yesoBeKa mMaccoil 52 kr?

M 24. CkonpKO aTponuHa cyabdara COXEPXKUTCA B
1 ma 0,1% -Horo pacTeopa?

Nt 25. B meqununckoM Koitefxe obygaerca 900 cryneH-
TOB, U3 KOTOPHIX 153 roromu. CKOJIBKO MPOIIEHTOB I0HOIIeR
ofyuaeTca B Koanemxe?

Ne 26. V MefcecTpel B NpoOIefypHOM KaGuHeTe OBLIO
12 ynaxoBok cTepuUibHBIX caiderok. OHa m3pacxopoBaja
0ZHY YIaKOBKY. CKOJBKO IPOLIEHTOB CTePHIBHBIX CaI(eToK
uspacxojioBana Mexcecrpa?

Ne 27. Ilpu mepeBosKe JeKapcTB pasbunu 2 % ammy,
uro coctaBmwio 24 mryku. CKOJBKO BCETO aMIIyJ IIepeBo-
suan?




Ne 28. IleamaTpuueckoe OTHeNeHHe pacCUmMTaHo Ha 35
6onbEBIX. Bo BpeMs snueMUN FPHUINA B OTHeJieHHe IIOCTa-
BUIH flononauTeabHO 10 Koex. Ha ckosbko npouenros 6yaer
3aNOJIHEHO OT/[eJICHHEe BO BpeMs snuaeMun?

Ne 29. B pactsope copepsxutcs 40% coau. Ecnau poba-
BuTk 120 r comu, To B pacrBope GyAer comep:xkatbca T0%
conu. CKONBKO IpaMMOB coaM GHLIO B pacTBOpe IepBOHA-
YajabpHO?

»

»

Ne 30. Kycox crrasa mMenu u muHKa Maccoil B 36 Kr
copepxur 45% memun. Kaxyio maccy Meau HY»KHO J0OaBUTD
K 9TOMY KYCKY, UTO0BI [MOJYYEHHBIN CIIaB cofep:xal 60 %
mepu?

Ne 31. B aByx rpynmax o6yuanock 66 cryaeHTos, mpu-
yeMm B nepsoit Ha 20% Gosbine, YeM Bo BTOpoii. CKOJBKO
CTYAeHTOB o0y4aJyiocs B MepBoil rpynme?

Nt 32. Pemure 3asaun, HCIOAB3YA U3BECTHEIE CBeIEHUS
06 agaToMUM ¥ (HHU3MOJOIHH YeJIOBEKA.

Kposb y HOBOpOKAeHHOro pebeHKa cocrasuseT 15% oT
MAaccHI Tela, y gereil a0 roga — 11% ot maces! Tesa.

KpoBs y Bapocioro yenosexa coctasiseT 6—8% ot Maccehl
Tena. Yepes mouxn mporexaer 1500 1 Kposu, a Bea KpoBb
apoxoauTt 3a 5 munyr (5—6 ).

Macca cepauma B3pocioro 4esoseka cocraBisger 1/220
4acTh OT Macchl Tesa (0,425—-0,570). Macca cepana HOBO-
poxkneHHoro B cpeaem 0,66—0,80 % or maccel Tena (oKo-
10 20 r). IlapamMeTpsl cepAla B3pOCHOro YeXOBEKAa: AJIUHA
h ~ 12—15 cm, nonepeynsrii paspes d, =~ 8—10 cm, nepex-
Hui—3aHuii paspes d, ~ 5—8 cm. Jna BeIuuCIeHUA 06BEMa

cepAna UCroab3yoT dopMyy obbseMa KoHyca:
1 1 1
V="Sh=—nR’h=—ndh.
3 3 12




Bapuasr 1.

1) Banonaure Tabmuny:
ITpurorosbTe 5 J pafouero pacTBOPa XJOPHOH H3BECTH
pasIuYHOM KOHIEHTPAaIUN:

Konnenrpanusa KonuuecTBo Konugecrso
pacrsopa, % XJIOpaMHHA BOABI, MJI
0,2
1,0
3,0

2) Ompepenurte MPOIEHTHYIO KOHIIEHTPAIMIO pacTBOpa
2 : 5000.

3) I'pyanoii cbop Ne 4 coaepxKuT:

— nBeTH anTegyHo pomamku — 20%,

— moGern GaryabHuKa GosorHoro — 20%,

— IBeTH KaJeHxyJn (Hororku) — 20%,

— ¢mamku TpexnserHoit Tpassl — 20%,

— KOpHHU coJoaxu — 15%,

— JIMCTHSA MATH Hepeunoit — 5%.

C6op pacdacosan B maxeruku mo 2 r. Paccuumraiire,
CKOJIBKO I'DAMMOB KaXKAOT0 KOMIIOHEHTA CONEPXKUTCA B
OJHOM IMaKeTHKe.

4) 06peM HUPKYIUPYIOLIEil KPOBU B OPraHN3Me YeloBe-
ka cocraBaseT 1/13 oT maccs! Tena. B mapeEXuMaTo3HBIX
oprarax Haxopurca 20% mupKyIMpyomel KpoBu. Boryuc-
JIATE 00'beM KPOBU B MapeHXMMATO3HBIX OPTraHAX YeJIoBeKa
maccoii 65 kr.

5) Bec uesmoBeka 105 xr. CKOJNBKO BECHUT €ro CIMHHOM
Mo3r, ecam ero Macca cocrasiuser 0,05% ot maccsr Tena?

BapuanTt 2.

1) BanoxnuTte TabauLy:

IIpurorossre 3 J paGouero pacTBOpa XJIOpaMWHa pas-
JUYHOM KOHIeHTPAIUHU:
Koxnnesrpanusa KoaugecTso

pacteopa, % XJIOpaMHEA
0,2
1,0
3,0
5,0

KoxugaecTso BOABI, M

29




2) Tpyznuoit cGop Nt 4 3aBapuBaioT Mo ABa GUILTPa-IIa-
Kera Ha 100 r BOgB! ¥ IPUHUMAIOT BHYTPE 3 pasa B eHb A0
efipl. XBaTUT JIX IAUMEHTY YIAKOBKH 9T0or0 c6opa Ha Heero,
ecJIi B ynaxkoBKe cojiepxutca 20 ¢uIsTpOB-11aKeTOB?

3) Konuenrpauus ¢ypaunanaa B pacrsope 1 : 5000.
CKOJIBKO YHCTOTO BEIIeCTBa q)ypanmmna HAXOAUTCA B
1 mn pactsopa?

4) O6eM KpoBHY B OpraiuamMe deJoBeKa cocTaBiasger 7%
OT Maccel Tena. B cxesnerHo#l Myckynarype — 7%, B Ie-
yeHn — 5%, Ha ceparfe, Jerkue, Mo3T, cele3eHKY, MOUYKHA
npuxogurca no 0,5% . HallTu Maccy KpoBH B YKa3aHHEIX
opraHax uejiopeka maccoi 70 xr.

5) ILmomags MOBEPXHOCTH KOXKHY YeloBeKa 2 M2, IIomans
IOBEPXHOCTH KODBI Gobuux noaymapnit 0,25 m2. Onpege-
JINTE, CKOJIBKO IIPOIIEHTOR COCTABJSAET ILIONIaAb TOBEPXHOCTH
KOPBI OOJIBUINX HOJYILIAPHI OT ILIOIAAM HOBEPXHOCTH KOMKH.

Bapuanr 3.

1) OnpegenuTe KOJIUYECTBO BOAHI M BEIIECTBA AJIS NIPU-
TrOTOBJIEHNA Je3MHPUIUPYIOLIEro pacTBOpa M3 pacdeTa Ha
1 1 3% -HOro pacTBOpa XJIOpPaMUHA.

2) OmpezenuTe NPOLEHTHYIO KOHIEHTPANUIO PACTBOpA
3 : 6000.

3) CroapKo rpaMMOB QypanuInHa HAXOAUTCS B:

~ a) 200 mx 0,02% -HOrO pacTBOpPA;
6) 500 mn 0,02% -noro pactsopa.

4) O6BeM HUPKYJIXPYIOIIEH KPOBH B OpPraHmusMe deso-
Beka cocrasiger 1/13 or maccsl Tena. B cepaeuno-cocyau-
croil cucreMe HaxoautcA 80% mUpPKyIupyoIeii Kposu.
Ilocunraiite 06'5eM KPOBH B CEpAEUHO-COCYAUCTON cHcTeMe
geJi0BeKa Maccoil 78 Kr.

5) Brruncaure o65eM COMHHOMO3TOBOH KHAKOCTH B
COHHHHOMO3rOBOM KaHaJje, eclu ero gauHa h = 40 cm, aua-
metp d = 1,4 cm (V = nR2%h = ndh). -

Bapuanr 4.

1) OnpeaennTe KOAUUECTBO BOALI U BelleCTBA JJIA NIPH-
TOTOBJIEHUSA Ae3NHPUUIUPYIOIIEr0 PacTBOpa M3 pacuera Ha
1 1 5% -Horo pacTBOpa XJOpaMUHA.

2) OmpefenuTs OPOUEHTHYI0 KOHIEHTPAHHUIO PACTBOPA
4 : 1000.
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3) ®ypanmnuna B pacrsope scero 0,02% .Cxonpko am-
TPOB [Ie3pacTBOpa MOYKHO HOJIYyYUTh U3 2 r dypanuauHa?

4) O6'beM IUPKYJINPYIOLIe# KPOBH B OPraHu3Me YeJIOBeKa
cocrasaser 1/13 or maccHl Tena. B BeHO3HOH cHCTeMe Ha-
xoxurest 70%, a B aprepuanbaoil — 20% xpoBu. CKOIBKO
KPOBH HaXOJAUTCA B BEHO3HON WM apTepuaabHOH cucTemax
yesoBeKa maccoi 52 kr?

5) Macca roJIoBHOT0 Mo3ra BapocJoro gejoBexa 1370 r.
CKOJIBKO 370 IIPOIIEHTOB OT BCeH MacCHI Tena, eCIH BeC ye-
JnoBexa 78 Kr?

Bapuanr 5.

1) Onpepenure KOJUUIECTBO BOALL ¥ BelIeCTBA AJIA OpH-
roTOBJICHAA Ae3HHGUIMPYIONIEro pacTBOpa M3 pacuera Ha
10 x1 1,0% -Horo pacTBopa XJIOPDHOI M3BECTH.

2) OmpefieuTe TPOILEHTHYI0O KOHHEHTDAIMIO PacTBOpa
2 : 1000.

3) BoapHOMy yBenutueHa Jo3a mpenmapara B 2 pasa M
cocrasuna 250 mi B cyTku. Ha CKOJBKO IIPOIEHTOB YBe-
JAYUIACE IIPH 3TOM f03a Impemapata?

4) O6'beM KPOBH Y B3POCJIOTO YeJIOBEKa COCTABIACT 5 JI.
[Tpu riy6oxoM mopese oH notepsier 15% or obugero od6sema.
Haiigute, KaxoBa moreps KpoBu?

5) Macca CIIMHHOI'O MO3ra B3poCJOro 4ejosexa 38 r, a
roJIoBHOro Mosra — okoJ10 1500 r. Kaxoil mpoIleHT OT MacChl
CIIMHHOTO MO3T'a COCTABJAEeT Macca IoJoBHOro mosra?

BapuanT 6.

1) OnpepenuTe KOJUYECTBO BOALI U BEIECTBa JJIA IPH-
rOTOBJICHUS Ae3MHAUIMPYIOIIEro pacTBOpa M3 pacyeTa Ha
10 1 0,5% -HBI# pacTBOP XJIOPHOH M3BECTH.

2) OnpefenuTe IMPOLEHTHYI0 KOHIEHTPAIIMIO PACTBOpPa
1 : 5000.

3) B Goapnume 190 xoiixko-mect. I3 HMX 3al0IHEHO
6onpaEIME 152 mecra. Ha cKOMBKO IIPOLEHTOB 3aII0JMHEHA
6oapuuIa?

4) KpoBn COCTOUT U3 IJIa3Mbl U B3BEIIEHHBIX B Hell Kie-
TOK SPUTPOLNUTOB, JIEHKOLUTOB 1 TPOMOOIUTOB. BaBeleHHbIe
KJEeTKH coctaBaaioT 45% oT Maccel KpoBH. CKOJBKO NpO-
[IEHTOB COCTABJISIET MACCA IIJIa3MBI OT MAaCCHI KPOBH?
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. 5) Macca roJIoBHOro MO3ra y B3pOcCJIOro 4eJoBeKa COCTaB-
nger or 1100 1o 2000 r. Macca COIHHOIO MO3ra coCTaBasgeT
2% OT Macchl FOJIOBHOI'O Mo3Ta. Berumeanre MacCy CIIMHHOT'O

Moa3ra.

Bapuanr 7.

1) OmpefenuTe KOJIMYECTBO BOALI M BellecTsa Jid Ipu-
TOTOBJICHNS Ae3MH(PUUUPYIOUIEr0 pacTsBopa M3 pacdeTa Ha
10 1 3% -HEBI pacTBOP XJIOPHOH M3BECTH.

2) OmpefienniTe NPOUEHTHYI0 KOHLIEHTDAUMIO PACTBODA

Py

3:4000. -
3) orpe6HOCTH NONMKIUHUKN B CHENUATUCTAX —

25 yesnoBeK, a paboraer Bcero 22 denoseka. CKONBKO 5TO

cocTaBifeT MpPOIeHTOB? 7o
4) O6beM KpPOBH y B3POCJKOTO YeNIOBEKa COCTABIAET (/o

OT €ro. Macchl. BeruncanTe, CKOJLKO JINTPOB KPOBU Y 4EJIO- |

BeKa Maccoil 90 kr.

5) Yepes mo4Kd B TeUeHHE CYTOK IIPOTeKaeT 1500 x
KpoBH. Best KPOBB Uepes MOUKY MPOXOAUT HPUMEPHO yepes
5 muH (5—6 ). CKOJBKO KPOBH NPOMAET Yepe3 NOUKHU e-

JoBeKa 3a gac?

Bapuanrt 8.

1) OmpejennTe KOIUYECTBO BOABL ¥ BEIECTBA IJIA IIpH- 4
TOTOBJICHUS Ae3MHPUUUPYIOIIEro PacTBOpa U3 pacyeTa Ha
3 1 3% -soro paouyero pacTBopa XJIOPaMWUHA.

2) OmpeZiennTe NPOIEHTHYIO KOHIEHTPAIHI0 DPAcTBOpa
8 : 1000.

3) Onpegenure KOMUHILCTEO QypanuIvHa B 2 11 pacTBOpPA
xounenrpanuei 1 : 2000.

4) BeruncanTe o0beM cepAlia B3POCJIOro YeIoBeKa, eciyu

=13 cm, d = 9 cm.

’ 5) Ba cyTku depes mouku mpoxoxur 1500 i1 KpoBH.
CKONBKO KPOBHM TpoiifeT yepes mouku 3a 2 u?

BapmnasnTt 9.

1) OmpesennTe KOJUIECTBO BOABL M BelleCTBa AJIA UPH-
rOTOBJEHUS Re3NH(QUUIUPYIOMIEro pPacTBopa M3 pacdera Ha
5 1 5% -Horo paGo4ero pactsopa XJOpaMHHA.

2) OnpenenuTe KOHIEHTPAIIMIO PACTBOPA B coo'rrgomennn,
ecJIM NpOIEeHTHAS KOHIEHTPauud COCTABUIIA 0,02 % .
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3) Brruuciure Maccy cepAna HOBOPOIKACHHOTO YeJoBeKa,
€CJIM U3BECTHO, UTO B 3 MecAlla ero Bec Ob11 5 Kr 200 r 4 oH
HabHpal B Bece €3KeMECSUHO COIIACHO cpenHeTabInYHOMY
3HAYCHUIO.

4) BmecTumocts Mouesoro myswips 600 mi. Om 3amoun-
HeH Ha 25%. CKOJBKO MHUILIAIUTPOB MOUH HaXoJuTcs B
MOYeBOM Imy3bIpe?

5) Cronmpko TaGeToK QypanuiInHa HysKHO AJs HaBeJe-
#us 0,5% -Horo pacrBopa B 06beMe 3 11, ecai ogHA TabIeTKA
Becur 0,25 r?

Bapuant 10.

1) OnpemenuTe KOAMYIECTEO BOXHI M BEIlECTBA LIS 1pu-
TOTOBJICHHA Je3sHHGUUUPYIOIIEro pacTBopa U3 pacdeTa Ha
10 1 10% -HOro OCBETIIEHHOTO PacTBOpa XJIODPHOMH M3BECTH.

2) OnpesenuTe KOHLUEHTPAIKIO PACTEOPA B COOTHOLIIEHNH,
€CJI¥ NIPONEeHTHAA KOHIEHTPauusa cocTaBuaa 1%.

3) CKONBKO I'PaMMOB JIEKapCTB B TabreTKax IIpUMeT
OosbHOM 3a ABYXHEAETBbHBIH KypC JedeHHd, eCaU KaxAuli
AeHb OH NOJI’KeH NPHHMMATL TpH BuAa Taljgetox mo 0,25 r
3 pasa B genn? '

4) Macca cepaua coctasiager 1/220 yacTs oT MaccsI Tena
qenoBéKa. Beruneanre Maccy CepAlla JyeJIoBeKa BecoM 70 Kr.

5) BmecTuMoCTs MOUEBOTO Iy3EIpa Yesosera 600 M. On
3anosiHeH Ha 58% . CKOJIBKO 9TO COCTABNACT MUIAMANTPOR?

Bapuanr 11.

1) Paccuuraiite B rpaMmax coctas 5 1 0,5% -Horo
KOMIIJIEKCHOTO MOIOIEero pacTBopa ¢ 6% -HOM ImepeKuChio
BOZOpOAA.

2) OnpexnenuTe KOHIEHTPAIMIO PACTEODA B COOTHOIIIEHNH,
€CJIM IPOLIeHTHAs KOHNeHTpanua cocrasuaa 0,05%.

3) CKONBKO TDaMMOB CHHDPTA HM3PACXOAYET MeJacecTpa
AJIsl KOMIIPECCOB IIATH NaNUeHTaM, eCJIi Ha OJUH KOMIIpece
oHa tparur 20 r cuupra?

4) Bec ueThIpeXMeCsSUHOro IJIOAA paBen 120 T, a Bec
ceMuMecaynoro miaoga — 1100 r. CroasKo npomeHTOB Bec
YeThIPEXMECAYHOTO IJIOLA COCTABJIAET OT BEca CeMHMeCsHu-
Horo moga?

5) Beruucure Maccy 4enosexa 60 jer, ecam U3BECTHO,
4To B 43 roma oH Becmu 46 Kr m exxerogHo npubaBixan B
Bece o 0,5 Kr.

2. 3ak. 475 33 8




Bapuanr 12.

1) Paccuuraiite B rpammax cocraB 2 a 0,5%-Horo
KOMILJIEKCHOTO MOIOIIEro pactsopa ¢ 3% -HOH IlepeKHuchio
BOJOPOZA.

2) OnpefennTe KOHUEHTPAIIUIO PACTBOPA B COOTHOIIICHUH,
ecJIM TpOoIleHTHAas KoHueHTpamus cocrasuaa 0,001%.

3) Brerunciaure Maccy cepAilia HOBOPOXKIeHHOro pebeHKa,
ecnu erp Bec — 3 Kr 400 r, a Macca cepiiia COCTaBIfeT
0,06% ot maccel Teia.

4) Macca cepana cocrasiusier 1/220 yacTs OT MaccI Tesa
YeJoBeKa. Beruncanure Macey cepzua dejioseka 35 Jjer, ecan
HM3BECTHO, YTo B 27 JieT oH Becus 116 KI U e;KerogHo TepAn
B Bece mo 1,5 Kr.

5) Beruncennre o6meM cepAna B3POCJIOTO YeJIOBEKA, eCJIN
ero anuHAa h = 15 cM, a momepeuHsrii paspes d = 10 cm

| S
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Bapmnanr 13.

1) Paccumraiire B rpammax cocraB 3 x 0,5%-"oro
KOMILIEKCHOTO MOIOIIErc pacTBopa ¢ 5% -HO# IepeKHchHio
BOJZIOPOJA.

2) OnpefennTe KOHIMEHTPAIINIO PACTBOPA B COOTHOIIIEHHH,
eCJI¥ NMPOIleHTHas KoHUeHTpauus cocrasmuiaa 0,04%.

3) Macca KpoBH HOBOPOMKICHHOI'O peOeHKAa COCTaBJIAET
15% ot maccel Tesa. PaccumraiiTe Maccy KPOBH HOBOPO-
#geHHOro pebeHKa BecoM 4 kr 800 r.

4) BrlaucauTe Maccy cepiila HOBOPOXKAEHHOT'O BECOM
3,3 Kr, ecau U3BECTHO, YTO Macca cepAla HOBOPOXKAEHHOTO
cocrasaser 0,8% or Maccel Tena.

5) EMKoCTb MOYEBOIo IIY3HIPS TPEXMECAYHOro pebeHka
cocrasnsaer 100 ma. Ou zamonHed Ha 25% . CKOJIBKO MUJI-
JUITATPOB MOYM HAXOAMTCHA B MOUEBOM ITy3bIpe?

BapuanT 14.

1) Paccumraiite B rpammax coctaB 5 g 1% -Horo xom-
IJIEKCHOTO MOIOIIEro pacresopa ¢ 3% -Ho# IepeKHuChI0 BOJO-
poxa.

2) Onpepennre NPOLEHTHYI0 KOHUEHTPAIMIO pacTBODA
9 : 2000.
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3) Bec Tpexmecaunoro mioga pasen 100 r, a Bec ce-
MuMecsuyHOro mioga — 1000 r. CKOJBKO IIPOLEHTOB BeC
TpeXMecAYHOTO IJI0AA COCTABJSAET OT Beca ceMHUMecAYHOro?

4) BrIupcanTe Maccy cepAla HOBOPOKAEHHOTO BEeCOM
4,5 Kr, ecJu M3BECTHO, YTO Macca cepAua peGeHKa coCTaB-
asietr 0,66% or Maccrl Tena.

5) Cyrounsiit [uypes sgoposoro udeixosexa 1,5 i. Pac-
CUHMTAMTe I0YacoBOM AMypes.

Bapuant 15.

1) Paccuuraiite B rpaMmax coctas 5 1 2% -HOro KoM-
IIIEKCHOTO MOIONIEro pacTBopa ¢ 5% -HOi#l nepeKuchIo BOJO-
poja.

2) Omnpegennre KOHIEHTPALMIO B COOTHOINEHUHM, €CIH
[IPOLEHTHAA KOHIeHTpanus cocrasuaa 0,4% ?

3) Poxxennna Becuna 72 Kr, peOeHOK PORHUICA Maccoi
3,5 kr. CKOJIBKO IPOLEHTOR COCTABJIAET Macca pebeHKA OT
Maccel Matepu?

4) BrrumcanTe Maccy cepauna deysoBexa BecoMm 86 kr,
€cJIM M3BECTHO, 4TO Macca cepAua cocrasiser 1/200 wactsb
OT MAaccCHI Tena. '

5) EMKOCTB MOU€EBOTO Iy3LIPA IECTHMECATHOTO pebeHKa
coctaBiasger 200 mia. O 3amonuen Ha 30% . CKOJIBKO MUJI-
JUJINTPOB MOUYH HAXOAWUTCHA B MOUEBOM Iy3nIipe?

Bapuanr 16.

1) I'excenay (HAPKOTHYECKOE CPEACTBO) BBHITYCKAIOT BO
¢raxonax o 1 r cyxoro BemecrBa. [ia paboTsl PasBOAAT
rexkcesanx B 50 ma ¢uspacrsopa. a1 BHYTPHMBEHHOrO BBe-
JeHuA Hapxo3a HeoOxoaumo 600 Mr BelecTBa rekceHasa.
CKOIBKO MMJLIMJIUTPOB PACTBOPA COAEPIKAT TaKOe KOJIUde-
crBo (600 Mr) rexcenana?

2) Onpegpenure KOHIIEHTPAIIUIO B COOTHOIUIEHUM, €CIH
[poLieHTHAsA KOoHIeHTpauus cocrtasuaa 0,08% .

3) Macca xpoBu y Aerei o roga cocrasiaser 11% or
Macchl Teja. PaccumraiiTe Maccy KPOBH CEeMMMECAYHOIO
pebenka Becom 8 xr 300 r.

4) BriuucanTte o0beM cepilia B3POCJIOro 4YeJOBEKa,
ecau ero nauHa b = 12 cM, a monepeuHsril paspes d = 8 cMm

1
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5) ¥V uenoBeka B cyTku BeipabGarbiBaerca 500—1500 mu
sxeqqn. Ilpomece »xemdeoGpasoBaHMsa UeT HeNpepHIBHO, a
JKeYeBRIJleJIeHIe IIPOUCXORUT MEePUOJUYECKH, B OCHOBHOM
B CBA3H C MPHEMOM NHUIH. BEIsICHUTE, CKOJBKO KeJT9HM Bhi-
pabaTsiBaeTca B cpefHeM 3a gac?

Bapuasr 17.

1) BofirHoMy BBezeno 400 Mr BeniecTBa reKcenasna. Dia-
KoHEbI reKceHauna (1 r) passogar 100 ma ¢puspactsopa. CKoIb-
KO MIJIIMIHUTPOB Gu3pacTBopa OBIIO BBeAieHO GoNbHOMY?

2) OupepennTe KOHIEHTPANMIO B COOTHOILIEHWM, €CJIH
OpoIeHTHAaA KOHOeHTpanuA cocrasuna 0,005% .

3) Paccunratite Maccy KpoBM TpeXMeCAIHOro pefeHKa co
cpefHell npnbaBKoU Beca, €CIM HM3BECTHO, UTO OH POAHMJICH
BecoM 3,5 Kr.

4) IInasma cocrasaser 60% oT KpoBH, a KPOBB COCTAB-
naer 7% oT Macchl Tena. B ee cocras BxonuT: 6enka — 8%,
HeopraHu4ecKkux BemiecTB — 2 u 90% Boasl. Paccuuraiite
COCTAaB ILIa3MEI YeJioBeKa Maccoil 60 xr.

5) YueHBIMH YCTAHOBJIEHO, UTO JICBEI JKellyf0UeK CepAIa
B cpeanem BriGpachiBaeT 3a 1 MHH B aopTy okoiso 5000 M
KpOBH. B IOYKM ke 3a 9TO BpeMsA NOCTYIaeT TOABKO 25%
KPOBH OT 3TOI'0 KOJIMYECTBA. BRISCHUTE, KAKOE KOJIHUIECTEBO
KPOBH IOCTYIIaeT B IIOYeUHBIE aPTEpHUH YeoBeKa 3a 1 MuH,
98¢, CYTKH?

Bapuanr 18.

1) TexceHaJ BBITYCKAETCS BO t¢iraxkornax oo 1 r. Passenn
rexcenan 50 ma ¢puspacTeopa. PacTBop Kakoil IpOIeHTHOMH
KOHIleHTPANH MCIOJIb30BaH MJIA HapKosa?

2) Onpepenure KOHUEHTPAIMIO B COOTHOIIEHWH, €CIU
OpoLeHTHaA KOHIeHTpanusa cocrasuna 0,06%.

3) OnpenenuTte CyTOUHOE BHIAESCHHAE MOYH NATUICTHETO
pebenka mo gopmyne M = 600 + 100(n — 1); n — xoixuye-
CTBO JIET.

4) Boxa cocrasiger 60% oT Macchl Tejia YeJIOBEKA.
B krerounoMm cexrope Boja comep:xuTca B o6beme 50% oT
ofmiero xoiuWdecTBa, B MHTepcTHOUadbHOM — 20, B cocy-
nuctoM — 5% . CKONBKO BOABI COAEPKMTCS B KAXAOM U3
CEeKTOPOB YejioBeKka Maccoit 70 xr?
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5) Beruucanre 06beM G6axTepun, uMeromei Gopmy mapa
(Ha TpHMepe CHHe-3eJIeHOH BOJOPOCIH), €CIH ee AuameTp
paBed 2 MKM, a o6beM mapa V = 4/3nR3.

BapuanT 19.

1) BonsHOMY BBOAHIIN TJIIOKO3Y; 3aTeM CHeajll UHBEK-
uuio uacyauHa — 5 EJl. Ckoabko 10% -HO# TiIioKo3h 6bLI0
paHee BBeaeHO GombHOoMy (1 EJl mMHcyamHa paciuenjger
NpUMepHO 4 T CYyXOro BemiecTBa caxapa (TJIoKo3Es1))?

2) PaccuurTaiiTe Heo0X0ZMMOEe KOJHYECTBO HHCYJIHHA
(EX) npu ycnosud, uro 1 EJI pacieniser 5 r caxapa cyxoro
BelllecTBa, ecau BBefieHO 10% -Hoi rimokxossl 800 mi.

3) Cepaue HeTPEHEMPOBAaHHOTO YeJOBEKA B COCTOSHHH
NOK0A coBepIaeT 00sI9HO 80 yAapOB B MUHYTY, BEITAIKUBAT
opu 3ToM B aopry 50—70 Mi kpoBu. BrrumcianTe, CKOJBKO
yZAapoB B HaC [esiaeT cepAmne M CKOJhKO JUTPOB KPOBH BHI-
TaJKHUBaeT IpH 3TOM B aopTy?

4) Macca oxuoii MMKPOOHOH KJETKH ONpeleisercs B
0,00000000157 aonm Mr, mMacca >xe BHPYCHOH YaCTHYKH
MeHbIe MuKpoOHoi KiaeTku B 1500 pas. Onpeaenute maccy
BHPYCHOM KJETKH.

5) PaccumraiiTe HeoOxoZUMOe KOJMYECTBO HHCYJNWHA
(EX) mpu ycnosuu, uro 1 EIl pacimensiser 5 r caxapa CyXoro
BelljecTBa, eciu BBeAeHo 25% -Hoil raroxossl 600 M.

Bapuant 20.

1) Beegerno 300 mu 20% -Hoit ririoko3bl. CKONIbKO eAUHAL
uacyiuHa (1 EJl pacmemisier 4 T caxapa) HY»XHO BBECTH
DALMEeHTy AJA HCKIOYeHUS HapYIIeHHs MeTaboIuYecKuX
mpoieccos B opranusme?

2) Onpefennte KOHIEHTPAI{UIO B COOTHOIICHHHM, €CJIH
IpoIeHTHAA KOHIeHTpanusa cocTasuia 0,1%.

3) V pebenka go rojga ompeAeidAeTcA YHCIO 3y6oB IO
dopmyne n — 4, e n — KOJXWIeCTBO MecAnes. Onpeaenure
KoJmuecTBO 3y60B y pebenka 10 MecaAnes.

4) CropruBHble QU3NOJIOIH 3HAIOT, YTO YaCTOTA COKpa-
IeHHH cepAlia ¥ CIOPTCMEHOB B MOMEHT MAKCHMAJILHOTO
HampsyKeHHs MoxkeT gocturars 6omee 240 ynapos B MUHY-
Ty. Bo CKONBKO pa3 9TO NMpEBHINIAET HOPMY AJA OOLIYHOrO
YeJIOBEKA B COCTOSHUM MOKOA?

\
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5) Muxpo6s1, HaxoaAmIKeCH B IPOCTPAHCTBE [0 y6opru
nomemeHus miaomanasio 16 M2, 2000000 na 1 cm2, mocie
y6oprku 100000 Ha 1 cm2. CKOABKO BCero HaxXoAMJIOoCh B
MOMEIleHNH MUKPOGOB Mo yGopku m mnocie? Ha croJIbKO
NPOIEHTOB IIOMelleHHe CTAN0 unIe?

BapuanTt 21.

1) CronpKO efUHUI UHCYJIMHA HYXHO BBECTH, €CIH
GonbHOMY mpokananu 200 mia 20% -HOH TIIOKO3BI (1 EI
HHCYJINHA pacplellliieT NPUMEPHO 4 I' CyXOro Bem[ecTBa
caxapa (TI0K035I))?

2) Orsap cogepxutr 3% KopHeit anTes. CKOIbKO OTBapa
MOHO IpUroToBuTh u3 600 r KopHeil amres?

3) PaccunraiitTe Maccy KpoBU HOBOPOIXKIEHHOTO pebeHKa
BecoMm 3,8 Kr.

4) HsBecTHO, YTO uesnoBexk Ha 2/3 cocTomT M3 BOJIBI.
CKOIBEKO 5TO COCTaBIAET KMIOTPAMMOB JJIfA UeJ0BeKa BECOM
87 kr?

5) Ananus KpoBM mokasan, yto B 1 MM® KpoBm Haxo-
Aurcs 7 000 nefikonuros moxyaynnoii dopms, 5 000 000
SPHUTPOLUTOB Kpyrioil dopmer u 1000 poMGOBHUIHEBIX Ten
Bupyca (remarura B). Ompegenure 3apakeHHOCTh KDOBH,
3Has ee cpefHU 06BeM (6 ).

Bapuanr 22.

1) CKONBPKO eAMHUL] UHCYIMHA HYKHO BBECTH 6oEHOMY
AJA ACKJIIOYEHNUS METaboINIeCKHX IPOLECCOB B OPraHA3Me
(u3 pacuera 1 E]l Ha 4 r caxapa), ectu eMy BeefeHo 400 M
10% -moit rIoK035I?

2) Uncroro BewuecTsa B pacteope 0,025% . CKONBKO Ju-
TPOB PacTBOPA MOKHO MOTyuuTsh 3 30 r yncroro semecrsa?

3) PeGenox poamncs maccoit 2 850 r u mpubasasan B
Bece coriacHo 6a3oBoii rabauue (cm. 3agauy Ne 40). Macca
TOJIOBHOT'O MO3I'a HOBOPOXKJEeHHOro cocTtaBiager 400 r. Brl-
YHCIUTE, CKONBKO NPOIEHTOB OT MACChI Tejia COCTABJISET
Macca roJIOBHOI'O MO3ra.

4) Kocts roneny denoseka mmeer gnuny h = 40 cwm,
wnpuHy d = 5 cM. Brruuciaute o6pemM KocTu.

5) B 1 xr moussl cogepaxurca 2500 peayleHTOB (Mu-
KPOOPraHM3Mbl, pas3pyIlaioulyue OTMepIle OCTATKY JKUBBIX
CYIIeCTB, NPEBpaMIaloNIyie UX B HEOPTAHWYECKHE coequHe-
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HUH U TpocTeiimme opraHWueckue coefuHeHHR). CKOIBKO
POAYIEHTOB 6yAeT COAepIKATHCA B 5 KT MOYBHI?

Bapuanr 23.

1) Hanuenry eeegeno 4 EJl uncymuna (1 EJl za 4 r ca-
xapa) 4714 HCKITIOYeHNs 0OGMeHHBIX H3MeHeHU! B OpraHusMe
1)t BBeJeHHYIO TIIOK03Y. CKONBKO 40% -Hoil III0KO3HI 6BLI0
MHee BBEJICHO malueHTy?

2) Yucroro pemectsa B pacreope 0,024% . CkoasKo su-
TPOB PACTBOPA MOXHO MOMYYUTh U3 30 I YECTOrO BeniecTsa?

3) PaccuuraiiTe Maccy KPOBH HOBODOXJIEHHOTO peGeHKa
wecom 4 kr 500 r.

4) Tpaxes umeeT Ghopmy TPyOKM AmvHOHA h = 9 cM, Aua-
merpom d = 1,5 cM. BrrumcanTe MakcuMaJbHBIR ob6BeM
rpaxen (V=S-h=mn-d-h).

5) Ha moBepxHOCTH KOKH Iomansio 1 cM? HaxoJUTCH
5000 pasHOOGpa3sHBIX BUPYCOB W MUKpo6oB. Brrumciure,
¢KOJIbKO BHPYCOB ¥ MHKp0OGOB HaxoguTcs Ha 1 M2 KoxEu? g

Bapuant 24.

1) JI;na BoccTAHOBJIEHUS dHEPreTHdecKoro ooMeHa 6011b-
womy BBenu 3a cyTKH 1,2 11 30%-HOro pacrsopa IJIIOKO3EL.
CKOJBKO TPaMMOB YMCTOMH TUIIOKO3BI OBLIO BBEAEHO?

2) CxoapKo cyabGanuia HaTpus HaXOAUTCA BO (raKoHe
5 mu 30% -Horo pactsopa? A B Tpex duakonax? A B mectu?

3) PaccunTaiiTe Maccy KPOBHM HOBODOXJIEHHOTO peGeHKa
BecoM 2,5 Kr.

4) Tpy6uaras xKocTb mmeer AauHy h = 20 cM, guaMeTp
d = 3 cM. Beluncnute 06-eM KOCTH.

5) B 1 M® Bozayxa cogep:xurca 7500 pasnmuuHBIX MUKDO-
opraHusMoB. B KakoM o6peMe BozxyXa OyzeT copepraTscs
7 500 000 MuKpoOpPraHU3MOB?

Bapuanr 25.

1) Jlns fesMHETOKCHKAINH OpranusMa 60IbHOMY BBEAEHO
1,5 1 5% -Hoii raoKo3sl. CKONBKO YHCTOTO BEUIECTBa IJIO-
KO3bI O5IJI0 BBeieHO0?

2) CKOJbKO ATpONMHA CyJNb(ara CORepKHTCA B 1 M
0,1% -soro pacreopa?

3) BonsHoMy HasHaued neHunutue 500 Toic. EIf 4 pasa
B JleHb B TedeHHe 7 pueil. BoapHOH IOIPOCHI MeACeCcTpY
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HOJCYHUTATh KOIUYECTBO (PIaKOHOB MEHHIULIHHA, KOTOPOe
Heobxoxumo Aysi NMedeHus. Kakoii orBer GombHoMy nasa
MencecTpa, ecau 1 ¢uakon cogep:ut:

a) 1 muu EI;

6) 500 teic. EJI?

4) B Tene yemoBera 208 xocreit. Ha creser TymoBuma
npuxogutca 62 xoctu. Ha muneBoit u Mosropoit uepemn
npuxopurca 23 KocTH. CKOJBKO NPOLEHTOB OT 06Imero Ko-
JUYecTBa COCTABJIAIT:

a) cKkeJsieT TYJIOBUILA;
6) cxeser roJIoBHI?

5) Beruucaure 06sem G6axrepun, uMenmei GopMy Lu-

JuHApa ¢ pagnycoM 1 MKM u anueOl 25 MKM.

Bapuant 26.

1) PaccuuraiiTe Heo0XoaMMOe KOJIMYECTBO MHCYJIMHA
(EL) mpu ycnosuw, 4To 1 E] pacmennser 5 r caxapa cyxoro
BeIrecTsa, ecau BBeJeHo 20% -Hoi rioKo3sl 350 mua?

2) Cxonpro gukKawmHa Haxozutcsa B 0,5 x1 0,25% -moro
pacTeopa?

3) Macca mMo3ra HOBOPOKAeHHOTO ¢ BecoM 3 500 r cocra-

Busa 400 r. CKOJIBKO 3TO IIPOIEHTOB OT MACCHI Tesa?
4) MeuneyHas CHCTEMa deJloBeKa cocrasiaser 40% oT
Beca Teya. HaiiguTe Maccy MBINII, YejioBeKa BecoM 60 Kr.
5) Bupycsl B cpeaem B 50 pa3 Menbue Gaxtepumii (oT
20 no 300 HaHOMETPOB — MUJIIHAPAHBIX Jojeit MeTpa).
Onpeuenn;re Maccy BUpyca, ecIM Macca cpefHei GaxTepuu
1,5 - 107°.

Bapuaur 27.

1) Ha kaxnasle 5 °C cBrime 25 °C okpy:xamomeii cpeabl
Tepserca gonoaHuTeIbHO 500 M sxuAKocTH. Paccunraiire,
KaKoe KOJMYECTBO KUAKOCTH TepsieT YeJOBeK IIPHU:

a) t = 40 °G;
6) t = 35 °C.

2) CxonpkO HOBOKAWHA COJNEP:KUTCA B ammynae 10 M
0,5% -Horo pacrBopa?

3) PaccuuraiiTe MacCy KPOBM YeTHIPEXMECATHOIO peGeH-
Ka co cpefHeli mpu0aBKOH Beca, eCJX Bec IPH POXKACHUM
pebenka cocrasun 2 Kr 800 r, a macca Kposu y gereii xo
oxHoro roga cocrasiaser 11% ot macchl Tena.
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4) Macca uenoBeka 70 kr. Meimeqsast CuCTeMa COCTaBJIA-
er 40% or Maccsl Tesa. Ha MBI HUMXKHIX KOHEUHOCTEH
upuxozurca 50% ot ofuiero Koamgecrsa MuIIN. CKOIBKO
9TO0 KHJIOTPAMMOB?

5) BakTepun o4eHE OBICTPO PA3MHOXKAIOTCA, HEKOTOPHIE
BUABI genarcs xKaxanle 20 MuH. CKOJBKO TaKuX OaxTepuii
OKa)KeTcsd B IIOMeIeHuM depe3 3 4, e€ClIU IIePBOHAYAJIBHO
TyAa nmonanu Ase 6akrepuu?

Bapuah’r 28.

1) CroIbKO AlleKJUANHA COREPIKUTCA B aMiyle 2 M
0,2% -Horo pacteopa?

2) Ha ramanrit rpagyc seinre 37 °C reja ueloBexa Te-
psaercd gomosaHuMTedbHO 500 M kupkoctu. Paccuumraiire,
KaKoe KOJMYECTBO KUAKOCTH TepsdeT YesIOBEK NpPH TeMIle-
paType Teja:

a) 40 °C;
0) 38 °C.

3) ¥V HOBOpOXAEHHOIO YeaoBexa Mo3r Becut 340—400 r.
B TeueHMe rofia OH YABAMBAET MAacCy, a K 6 rojjaM yTpansaer.
Cxonbko 6yzeT BecHTb Mo3r K 6 rogam?

4) Haligure Maccy KOCTHOH CHUCTEMEI YeJIOBEKA BECOM
95 Kr, ecJW U3BECTHO, UTO KOCTHAS CHCTEMAa COCTaBJIAET
55% oT macchl Tena.

5) PaccuuraiiTe HeoOXoZUMOe KOJMYECTBO HHCYJHHA
(EJI) npu ycnosuu, uro 1 EJl pacmensiser 5 r caxapa cyXxoro
BEIIeCTRA, eCJIK BBeJeHO 5% -HOH rIioKo3sl 2 1?7

Bapuant 29.

1) PaccuuTtaiiTe KOJIUIECTBO XKUAKOCTH, KOTOPOE TepseT
YeJIOBEK B JKapKoe BPeMs roja pu reMneparype Tejia 40 °C
¥ TeMIepaType BO3AyXa:

a) 35 °C;
6) 40 °C.

Ecim Ha rakasie D °C ceriie 25 °C okpyskaromeil cpefbl
TepsieTca JOMOMHUTEIbHO 500 MII KUAKOCTH M Ha KasKIBLA
rpagyc ceeire 37 °C Tena 4yeJI0BeKa TEePAETCA HOIOJIHUTEIBHO
500 M KHUAKOCTH.

2) Umeerca 250 r mexapcTBeHHOro cbopa. Jina mpuro-
TOBJIEHUA OTBApa HCIOIbL3YIOT coorHomenue 30 r : 200 M.
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CKOJBKO JINTPOB OTBAPA MOXHO NPHUIOTOBHUTEL M3 AAHHOIO
cbopa?

3) PaccuuraiiTe Maccy KpoBH HOBOPOXKIAEHHOTO pebeHKa
BecoM 4,1 xr.

4) KaxoBa macca MBI TPHUANATUIETHENO MY>KIMHBI
BecOM 78 Kr, eclM M3BECTHO, UTO MHEIIIeYHAdA CHUCTEMa CO-
crapiser 40% oT maccel Tena?

5) PaccumTaiiTe KOMHIECTBO cyxoro semecrsa B 500 mia
40% -Horo pacrsopa.

Bapuant 30.

1) Paccuuraiite NOTEpIO XKUAKOCTY B OPraHU3Me desIoBe-
Ka OpH HoJoCTHOH onmepanuy U Temuepatrype 38 °C (morepsa
SKMJKOCTY IIPY MOJIOCTHOH onepaluy cocTaBisAeTr 1 J, a Ha
xaxabie 5 °C cpuime 25 °C oxpysxawineil cpeasl TepaeTcs
JononHuTeNsHO 500 MM KUAKOCTH).

2) 200 mx orBapa cGopa Ne 4 cozepxxar 15% Kopsaeit
conofku. CKOJIBKO 3T0 rpaMMax?

3) HackoJIbKO H3MeHUIACh MAacCa KPOBH TPEXMECATIHOTO
pebeHKa, ecJIM U3BECTHO, UTO OH poAuiics ¢ secom 2 kr 800 r?

4) Muimreunas cucteMa cocrasiseT 40% or Macchl TeJa.
Kaxyio uacTs 3aHWMMaeT MbINIeYyHAs CHCTEMa y delloBeKa
Maceo#t 70 xr?

5) PaccunraiiTe KOJIMYECTBO CYXOro BelllecTsa B 1 Mu
3,6% -moro pactropa.

BapuanT 31.

1) PaccuuraiitTe moTepio XKUAKOCTHA B OPraHU3Me UeJIOBe-
Ka npu TeMIreparype Boszayxa 35 °C, pBore u moHoce, eciau
HU3BECTHO, YTO IOTEpPs KHAKOCTH IIPH PBOTE COCTAaBJIET
500 M, monoce — 500 M u Ha Kaxasle 5 °C ceeimre 25 °C
OKDYJKaloIIell cpeAbl TepsercA AomoJdHHTeNabHOo 500 ma
SKHIKOCTH,

2) PaccuuraiiTe KOMHYeCTBO CyX0ro BemiecTsa B 250 M
0,1% -HOro pacrsopa.

3) Hackoiybko H3MeHMIACH Macca KPOBH T'OAOCBAJIOrO pe-
6enka, ecay U3BeCTHO, UTO OH poamica ¢ Becom 3 kr 700 r?

4) Ecam npefIoIo:KuTh, UTO I'0JI0BA YeJI0BeKa — 3TOo Iap,
TO MOYKHO HaiiTH ee 06'beM IIo popMmyse 06beMa mapa. Yemy
oH GyZieT paBeH y 4eJIOBEKA, pasMep r'oJioBhl KoToporo 56 cM?
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5) Paccuuraiite KOJIMYECTBO CYXOro BerjecTBa B 1 M
2,4% -HOrO pacrBopa.

BapuanT 32.

1) IlanmenTy HasHaueHo BBefesue 4,8 a1 pacTBopa BHY-
TPUBEHHO B CYTKHU. Paccuuraiite cKkopocTh HHGY3NH, eciay
HUBBECTHO, 4T0 1 MJ »KuAKocTH paseH 20 xanaam?

2) BorsHOMY HasHaueHBI TaOMeTKH 6poMrexcuHa-4 Tpu
pasa B CYTKH. BMecTo BBIIIIeyKAa3aHHOI'O GOJILHON IPHHUMAJ
OpOMIeKCHH-8, HO II0 COOTBETCTBYyIOLIel A03e. CKOJIBKO Ta-
6J1eTOK NPHUHAJ GOJBHOH 3a CYyTKHU?

3) BrrumenuTre Maccy cepAlia HOBOPOMKAEHHOIO pefeHKa
BecoM 4 Kr 100 r, ecau macca cepaua cocrasaset 0,8% or
Macchl TeJa.

4) MuImnsl B3pOCJIOTO 4esoBeKa CcocTaBasoT 40% or
obrmel maccel Tema. Kaxkosa Macca MBIHIL COpOKAJIETHEIO
MY’KYHHBI, ecJiu ero Bec cocranusaeT 90 xkr?

5) O6meM KpOBH y B3pOCIIOro UYeJIOBEKA COCTaBsgeT 5,5 JI.
IIpu ray6oxom mopese oH TepsaeT 8% or obmiero oomeMa.
Onpegenure 00HeM IOTEPH KPOBH.

Bapuanr 33.

1) IanuenTy HasHadeHo BBeAeHHE 7,2 JI pacTsBOpa BHY-
TPUBEHHO B CYTKHU. Paccuutaiite cKOpoCT: MH(PY3HH, eCIH
HU3BECTHO, UT0 1 M »xuAKocTH paBeH 20 xamuiam?

2) Caenana vH'bEKIMA rajlaHTaMUHA rupodpoMuja 1 M
25% -Horo pacTBopa. CKOJIBKO CYXOro BeI[eCTBA COAEPIKATIOCh
BO BBeJleHHOM Ipemnapare?

3) Hackonbko M3MeHHJIAacCh Macca KPOBH B3POCJIOr0O
4eJIOBEeKA, eCIM U3BECTHO, UTO IpH Bece 76 KI OH IOXyZAen
Ha 11 Kr?

4) Cremer denoBeka cocTouT u3 208 xocrefl, M3 HuX
85 — mapHBIX. CKOJIBKO HemapHBIX KocTei?

5) O6beM UMPKYIUPYIOUIE KPOBH B OPraHU3Me COCTaB-
nset 1/13 ot Macchl Tesna. B BeHO3HO# cucTeMe HaXOAUTCA
70%, a B aprepuanpHoii — 20% Kposu. CKOIBKO KPOBH
HAXOAUTCS B BeHO3HOHN M KanMJLIAPHON CHCTeMAaX JeJIoBeKa
maccoii 70 kr?
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BapuanT 34.

1) Hanuenty nasnaveno BBegenue 2,4 1 pacTBopa BHY-
TPUBEHHO B CYyTKH. PaccuumraiiTe cKopocts mrdysuu, eciu
H3BECTHO, UTO 1 MJ skuAKocTH paBen 20 KamisaM.

2) PaccunTaiiTe KOJMYECTBO CyXOro Bemiectsa B 1 mu
1% -noro pacrsopa.

3) Hackospko M3MeHUIACH MACCA KDOBH B3POCIOTO JeJI0-
BEKAa, eCIIA U3BECTHO, YTO K 65 KI on npubasun B Bece 24 xkr?

4) CKeJleTHREIE MBINIUEL COCTABIIIOT AKTHBHYIO 4aCTh
anmapara ABMenHda. Mx cymMmapHas Macca cocTaBiser
okoy0 40% ot obeit Maccn Tena, 50% creNeTHBIX MEIIIL
OPUXOAUTCA Ha HIKHHE KOHedHocTH, 30 — Ha BepxXHHe.
CKOMIBPKO KMIOrpaMMOB MBIIII IPUXOAUTCA HA TOJIOBY H
TYJOBHINE YeJIoReKa Maccolt 70 xr?

5) Cxonbko aTpomuHa cysibdara colepxurcs B 1 Mi
0,1% -vOTO pacrBOpa?

Bapuanr 35.

1) CKONBKO XKUAKOCTH MOXKHO IIepEIUThH 6onpHOMY 38
CYTKH, €ClIH CKOPOCTb BBeleHHsA pacrsopa 90 kam/Mus;
25 xan/mun; 120 xan/ MuH, a 1 MJ *XuAKOCTH paBeH 20 Ka-

nnsm?

2) CynbanmnaMuHble NpenapaTsl BBOAATCS U3 pacueTa
0,2 mr Ha 1 Kr MaccH Tena. CKOJBKO HYHO BBECTH nperma-
pata qus peGeHka 8 ner maccoit 30 xr?

3) Paccuuraiire, HACKONBKO M3MeHMIACh Macca KPOBH
B3POCJIOTO YeJI0BEKa, eC/IM HePROHAYANLHEBIH BeC eI'0 COCTARB-
Jan 68 kr, a 3a 3 mecsana on HaGpan 8 kr, 3a nocueguue
2 mecana cbpocun 4 kr? ’

4) PaccunTaiiTe, CKONBKO KUIIOTPAMMOB OT MACCHI TeJIa
OPUXOAUTCHA Ha ONOPHO-ABUraTeNbHYIO CUCTEMY UeJIOBeKa U
CKOJIBKO OTHEJILHO Ha CKeJIeT, eC/IM Macca JesloBeKa 75 Kr:
HA ONODHO-ABUTATENLHYIO cHCTeMy mpuxoputcd 40%, oT-
AeNsHO Ha Kocta — 10%.

5) B mepununckoM Komremxe obygarorcs 900 CTYHEeH-
TOB, U3 KOTOPHX 100 1oHOIIN. CKOJIBKO MPOIEHTOB IOHOMmel
obyuaerca B Koanemxe? '




Bapuanr 36.

1) Jins pacrsopa McOnoiabsyerca cooTHomenue 5 : 200.
CKOJILKO JUTPOB PacTBOpPA MOMKHO IPHIOTOBHTH M3 1,5 Kr
YHCTOro BemiecTBa?l

2) ns nevenns AncOaKTepHO3a MCHOJIbL3YETCA BHUTA-
Gananc 3000. 1 ramcyna 3akpBauiuBaerca B 1 JI MOJIOKa H
ucronas3yeTca B rTeueHwe 5 gHell. CKOJNBKO KaICYil IpPena-
para cieayeT NpuoOpecTd LJA JedeHusA B TeUeHUE Mecsma
(30 mueir)?

3) O6reM HUPKYJANPYIOIEeH# KPOBY B OPraHu3Me COCTAaB-
aser 1/13 or maccwr rena. [Ipocunradite o6beM HUPKYIH-
pyolell KpoBM, eClIM MACCA WeJNOBEKA COCTABIAET 78 Kr.

4) Macca gesoBexa 75 kr. Melme4Has CUCTEMa COCTaBJIA-
et 40% oT Maccel Tena. Ha MBININE BepXHAX KOHEUYHOCTEH
npuxoautca 25% or obmiero KonuuecTsa MuII. CKOJBKO
3T0 KHUIOrpaMMoB?

5) V MepmcecTphl B HpoleAypHOM Kabuuere GLI0 25
YIIAKOBOK CTEPUJILHBIX canderox. OHa H3pacxoxosaia OxHy
ynaxkosky. CKOJBKO IPOIEHTOB cTepnnLme cambe'rorc ua-
pacxogosasa MejcecTpa?

Bapuarr 37.

1) OnpeaenuTe NPOLEHTHYIO KOHIEHTPAIMIO PACTBOpa
1:1000.

2) BonpHoMy HasHaueH HeHAUMLIMH mo 500 Thic. EN
4 pasa B genb. CKonsKO QIaKoHOB OyaeT HMCIONb30BAHO B
reuenue 7 gHeil, ecam 1 ¢naxoH comep:kur B cebe 1 MiaH
E nennnuninua?

3) ¥V uemoBexa BpeMs KpPyroobopora KpOBH, B TedeHHe
KOTOpOTr'o KPOBb IIPOXOAUT 06a Kpyra KpoBooGpaleHus, co-
crasnser 23 c. M3 sroro Bpemenn 1/5 IPUXOAUATCS HA MAJIBIA
KpyT Kposoobparnenns. CKOTbKO BpeMEeHM IIPUXOAUTCA Ha
GoNBINOI KPYT KpoBOoOoOpalneHus?

4) Beruucnaure o6beM COIHHHOMO3TOBOH JKHAKOCTA B
CIMHHOMOSTOBOM KaHaje, eclIu ero Anumsa h = 43 cM, a
zuamerp d = 2 cm (V = r*h = ndh).

5) IIpu mepeBo3Ke JieKapcTB pas6mim 2% ammyn, 4To
cocTasmiio 5 mTyK. CKONBKO BCEro aMIyJ mepeBosmin?
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Bapuanr 38.

1) OupenenuTe NPOLEHTHYI0 KOHIIEHTPAIAIO pacTBOpa
5 : 1000.

2) Coop Nt 4 cogepxur:

— LBETKOB poMamku — 20%;

— noberos 6arynsHuKa Gosorsoro — 20%;

~ UBETKOB HOTOTKOB — 20%;

— TpaBel puanku — 20%;

~ KOpHel CONOAKY — 15%;

— JIUCTBEB MATHI IIepeuyHod — 5% .

CKONBKO rpaMMOB Kask 01 U3 TpaB conep:xuTes B 600 M
otBapa (10%)?

3) O6nem HupKyIUpYyIoOLIel KPOBY B OPTaHU3Me COCTaB-
nsier 1/18 ot macesl Testa. B Gorbimonm Kpyre KpoBoofpaiie-
HUA comep:xkutcs 75—-80%, a B Mmanrom — 20—25% kpoBu.
CKONBKO0 KPOBM HUPKYIUPYETCS B MaIOM KpyTe KpoB0oo6pa-
IleHNA 4YesoBeKa Maccoit 65 kr?

4) Macca XeHIUHEI B BospacTe 35 JeT cocTaBageT 72 Kr.
Macca ee cnunHOrO Mo3ra — 35 r. BhIumcanTe, CKOMBKO
IPOLIEHTOR OT Beca Teja COCTABJISIET BeC ee CIIHHHOIO MO3Ta.

5) ITeanaTpuyeckoe oTAeeHHE PACCYUTAHO HA 45 GOIb-
HeIX. Bo BpemMa snuzeMun rpunmna B oTAeNIeHHe IOCTABHLIN
AonmonanTensHo 10 xoex. Ha cKombKo mpomenTtos Gyger
3aITOTHEHO OTAeJIeHUe BO BpeMs sHuUneMun?

Bapuaunt 39.

1) Paccunraiire n03y cyxoro BemecTsa kKodenna 6eHzoara
HATPHA Ha OAWH NIPHUEM IIPU Ha3HAYEHUU Ha IPHEM CTOJIOBOM
noxkn 0,5% -Horo pacTsopa (CToNOBAs JN0KKA paBHA 25 MII).

2) PaccuuTaiiTe pasoByo 03y Ipo3epUHa IPH BBeeHUH
nanuenTy 1 miu 0,05% -Horo pacrsopa.

3) ObmeM mupryIUpYOMEH KPOBH B OpraHu3Me YeJio-
BeKka cocTasndeT 7% oT Maccwl Tena. PaccuuTaiitTe o6beM
UUPKYIUPYIOITEl KpoBY YesjoBexa Maccoii 84 kr.

4) TomoBHOH MOBr B3pOCIOro YeJOBEKAa COCTaBISET
1370 r, a Mmo3r HoBoposkAeHHOrO pebenka — 400 r. CKOIBKO
IPOUEHTOR MO3T HOBOPOXKIAEHHOrO peGeHKa COCTABIAET OT
Mo3ra B3pOCJIOro yesoseka?

9) PaccuuraiiTe mouacosoil Auypes yemoBexa, ecau cy-
TOUYHEIA gUype3 paBeH 1 a; 2,4 i; 0,851,
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Bapuanr 40.

1) OTeap u3 AyHMIANBI, MeAUCCH ¥ 3Bep00OA T'OTOBUTCH
B coOoTHoOuIeHHMH: nymuna — 30 r, memmucca — 15 r, 3Be-
po6oit — 15 r, soga — 800 miu. CxoAbKO JAUTPOB OTBApa
MOYKHO TpUrotosuth u3 1 Kr gymmnsi, 0,5 Kr menncch u
0,3 xr 3BepoGos?

2) Henununnuu passeger tak: 500 Terc. EIl B 5 Ma
noepokamnHa. CKoapko Teic. EJ] meHUIMIINHA COAEPIKHUTCS B:

a) 2,5 M3 pacTBOpa;
6) 15 M pacTBODa;
8) 3 mu pactsopa?

3) O6meM IUPKyJIUpyomed KpPoBH cocraBiaser 7% or
Macchl Tesla YeroBeKra. KuciopogHasa eMKoCTEh apTePHANbHON
KpoBHu cocrasiseT 18% , senosHoit — 12% 1o o6wemy. Ompe-
AeJyTe KHCIOPOSHYIO eMKOCTh apTepHANbHON M BEHO3ZHOH
KPOBU 4YeJIoBeKa Maccoi 66 xr.

4) Bspocnsrit gemosek Becut 90 Kr. CKONBKO BECUT €ro
CIVHHOM MOo3T, ecau oH cocrasider 0,05 % ot macchr Tena?

5) PaccuuTaiite pa3oByIo 03y IPO3EpUHA IIPK BBeJeHUAN
nanuenty 2 mx 0,05% -aHoro pacrsopa.

"N 33.

Banonuure tabauny (ceeaenust 2013 r.):
ApMuRuCcTpaTHBHEIE palions: Boirorpaja (B mopajgke ux
reorpathI4eCKOr0 PacroJIoXKeHus ¢ ceBepa Ha 10r):

PaitoHbI roposa Hm;ﬁimb’ % Hacs;x;;fme, %
TpaKTOpO3aBOACKHUIE 54 138 848
KpacuHooKTAOpueK Uil 34,2 150 912
IlenTpanbHEIR 11,2 83 266
zepuHCKUR 85,8 183 411
BopomuioscKuit 27,8 82 666
Coperckuit 63 138 848
Kuposckmit 71,5 109 365
KpacHoapmeitckuit 230 168 188
HUTOrO: 577,56 100% 1 055 504 100%
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Ne 34.
3anonauTte Tabauny:
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Pervonanshble oKpyra:

PIONUMCKWI 7] Nannacoscxuit
[(OHosoanmucxuit B Wnosamnexwia
B Muxaiinosckmis I Boamckmin
IR dponoscxmii [ Kanauescxwin
B Kambiwanckmi KoTenbHUKOBCKui

Haspauue % oT ob1rero
YucneHHOCTh
PErHOHANBEHOIO OKpyTa qKCcaa

VpronuHCcKuit 133 603

HosoanunHCKHIT 135 207

MuxaitnoBckuit 160 675
PponoBckmit 163 305
Kamunouackuit 172 910

TTannacoBckmii 165 320

HNnosnnuckuit 120 637
Bomxcknit 369 665
Kanauesckuit 119 510

KoTtenrHUKOBCKMIT 100 588

Hroro mo obxacru




BOMPOCH! NO TEME

1. Kaxue pasgenbl MaTeMAaTUKH CPeIHIH MeIUIIMHCKUAN
NepCOHAJ HeIoCPeACTBeHHO MCIOJL3YeT B CBoeil podeccH-
OHAJBbHOI HesATeNbHOCTH?

2. Yto Taxoe npomnopuua? Camasa uspecTHAA TPOHOPIUSA
¢ ApeBHeHINuX BpeMen?

3. IlepeuyucanuTte efMBEULBL JJIVHEL.

4. IlepeuyncanuTe eqUHUIEI MacChI.

5. ITepeuncnauTe eTHHHUILI ILIOIIAKY.

6. ITepeuncauTe eAUHUAIEI 00BEMA.

7. ChopMynupyiiTe Npasujia OKPYTIeHK YNCesI, BRIYUC-
JIEHUSA MOTPEITHOCTH.

8. ChopmyaupyiiTe OCHOBHOE CBOHICTBO IIPOIIOPIIUM.

9. Yro taxkoe mporent? Kax BIpasuTh B IpOIEHTAX
JIOJIIO BemiecrBa?

10. Kaxue BAM HU3BECTHHI CIOCOOLI pellleHusa 3aad «Ha
[IPOLEHTEI» ?

Tema 1.2. OcHOBHbIE CBOICTBA (DYHKLMIA
U UX rpainku

TepmuHbi
+ AprymeHT * MoHOTOHHOCTE PYyHKIIUH
+ OyHKIUA « Boapacraune u y6rBanmne
» 'padux bysxunm byHKIIIHN

- Cnocobnl 3aganua dyrkimit -+ ToukH 3KkcTpeMyMa
« OcHOBHEIe BUABI PYHKIIMHA + OrpaHn4YeHHOCTHh GYHKIIHK
« Q0yacThb onpejeIeHus TlepuoanunocTs GYyHKIHNU

pyHKRIMHT » HenpepniBHOCTD GYHKINK
» Obxacrs sHavennii pyuxuun < HaubGosbllee ¥ HauMMeHbIee
+ Hynn ¢pyHKINN 3HaYeHUA PYHKIUU
+ [IpomexyTkm » ObpaTHble QyHKINK
3HAKOIOCTOSHCTBA » TemmepaTypHEIil JIHCT
* YeTHOCTH (HEUETHOCTH)
GyHKIUN
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OCHOBHbIE IOHATHA

[
DyHKYuA

Iipn paccMoTpeHNYE KOJHYECTBEHHLIX COOTHOIIeHHH
peanbHOr0 MUpAa MBI CTAJIKUBAEMCH C YUCIEHHLIMH 3HAUCHN-
AMH pasauuHEX pusmuefKux BerMuuH, HallpuMep BpeMeHH,
TeMIIepaTyphl, 06’beMa, JINHEI, AABJIeHN, IIOTHOCTH ¥ JAP.
B zaBrcHMOCTH OT YCJIOBHIT BeJIMYNHBI MOTYT IPHHEUMATE II0-
CTOSHHEIE N iepeMeHHbIe 3HaueH!uA. OCHOBHBIM HMOHATHEM
MaTeMaTHYECKOr0 aHaIN3a ABIsgeTca QYHKIHUA.

Ddynkyus — amo coomeemcmeue mexndy Muo;ice-
cmeamu X u Y, npu xomopom xaxcoomy anemenmy MHo-
secmea X coomeemcmeyem eduncmeéennbiil InemeHm
Muoxcecmea V.

POyHKIUA TOKA3hIBAET 3aBUCHMOCTE OJHOM epeMeHHOil
ot apyroi. Ilepemennan y HasriBaeTca GyHKIUEH OT ApyTroii
IepeMeHHOR X, eCIM KayKJOMy 3Ha9eHMIO X U3 HEKOTOPOro
MHOEeCTBa CTABITCA B COOTBETCTBHE OJHO MJIK HECKOJLKO
3HaUYeHUl mepeMeHHOH y. DYHKIUSA 3aHUCHIBAETCI B BUAE
Yy = f(x), x — HesaBMcuMas nepeMeHHasd, UJIH ApTryYMeHT,
Yy — 3aBUCHMAas HepeMeHHAs, UIN QYHKIIUA.

CnocoGbl 3apaHna hyHKLMu

1) AgaruTuyecKuii — ¢ MOMOIEI0 POPMYJIBI, HAIDIMED

y=x2+4,

2) P'paduyeckuii — ¢ noMonso rpadguka.

T'padpurom ¢pyHKINM HaspIBAETCA MHOMKECTBO BCEX TO-
YeK KOOPAMHATHOH ILIOCKOCTH, a0CIHCChI KOTOPBIX PaBHBI
3HAYeHWAM apryMeHTa, a OPAUHATHL — COOTBETCTBYIOLIMM
3HAYEeHUAM (QYHKIHUH.

3) TabnuuHEI# ~— COOTBETCTBEHHO C [TOMOIIBIO TABIMIIEI.

Hanpumep:
X -2 -1 0 1 2
y 4 1 0 1 4
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OcHoBHbIe CBOMCTBA hyHKUHNiA

1) O6nacTh oupefeneHus QyHKUMM — SHaUeHUA X, npu
KOTOPHIX QyHKIIHNSA CyIIeCTBYeT (umeet cMbica). Paccmo-
TPUM IIpUMEP.

10 1 2 3

Jltsa rpaduKa QyHKLINY, u300pakeHHOT'0 HA PUCYHKE,
D(y)=[-1; 3].

2) O6nacTs 3HaYeHUA PYHKUUYW — 3HAUEHUA Y, KOTOD:iC
NpuHUMAaeT caMa QyHKIHUA.
Ilns Toit sxe pynxnmu E (y) = [2; 4].

3) OrpaHNYEeHHOCTD.
dynxnua y = f(x), x € A, Ha3BIBAeTCA orpaHUYEHHOM,
ecJIM CYIIECTBYeT Takoe 4ucyio M, 4To A KaWAOro X € A
sermosHAeTcA AepasencTso | f(x)| <M.
Hanpumep, y=x — [x], x e R, 0 <y < 1 — dyERIUA
orpaHuyeHa.
T'padur dysxmuu y=x — [x]:

Ecnm ke Touka M He cyluiectTByeT, TO QYHKINA HA3bl-
BaeTcd HeorpaHWUEHHOH.
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Hanpuwmep, ana dyarnum y =sin x, M =1, TakKak
-1 <sin x < 1.

4) MOHOTOHHOCTB: BO3pacTaHue WM yObIBaHHE QYHKIUH.

dyuxuua f(x), x € A, Ha3BIBAETCA BO3paCTaIONMIeH, ecan

AJs M06BIX X, ¥ X, U3 A, TAKUX, UTO X, < X,, BEIIOJHAETCA
HepaBeHCTBo f(x;) < f(x,).

Ecnu f(x,) < f(x,), To pyHKIMA HAZBIBAETCA CTPOTO BO3-
pacTaroeii.

Dynxnua f(x), x € A, HasrIBaeTca yOmIBaloleif, eciau
Ans JOOBIX X, H X, U3 A, TaKHuX, UTO X, < X,, BEIIOJHACTCH
HepaBeHCTBO f(x;) > f(x,). Ecnm f(x,) > f(x,), To pysrmua
Ha3bIBAETCA CTPOTO YOBIBaromiei.

YA

_ YA
y=1e) \ y=1(x)
Fx) Frmmmee i cmmeeeaa
§ g f--me-> ,
; flxy) f===-" fommmee H
flx) famommmnaes / ; : :
i H ! :
i Pox i Pox
0 % x, 0 x x,
Ecmun x; < x, Ecmu x, < x,
u f(x)) < f(x,), u f(x)) > x,),
TO GYHKIIHA BO3pacTaer To HyEKOUA yOBIBAET

5) YeTHOCTE.
PDyaxnusa f(x), x € A, Ha3EIBaeTCHA YETHOHN, eCaM AJS
JI060r0 X M3 MHOKECTBa A BHIIONHAETCA PABEHCTBO [f(—x) =

= f(x).
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24 6 81012141618 x

Dyuxnua f(x), x € A, HasHBaeTCH HEUYETHOM, €Ciu
Ias a:060ro x m3 MHOMXKeCTBa A BEIOIHAETCS PaBEHCTBO
f(-x) = - f(x). I'padux deTHONl PYHKIUUU CHMMETPUUEH

OTHOCHTEJBHO OCH ODAHMHAT, HEYETHOH — OTHOCHTEIHHO
HAYaJIa KOODAMHAT.
L\
18]
161 fy=ux3
14
12
10
8
6
4 HEYETHAA
2
6 42f] 24 6 81012141618 5

6) IleprognuyHOCTS.
dyuxnusa y = f(x), x € A, HaspIBAETCA NEePUOANIECKOI,
ecau cymgecrsyet uncio T = 0, Takoe, 9To s 110000 x U3
MHOKeCcTBa A BHINOJHSIETCA PABEHCTBO
flx -T)=f(x)=f(x+ T). Yncno T — nepuopn ¢pyHKIUHH f.

\
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OcHOBHEIe TpHUTrOHOMeTpHUeCKHe QYHKIIUM SBJIAITCH
epUOAUYeCKUMH, ANA Y = sin X, Y = cos X mepuoj paBeH
2n, pna y=tg x, y =ctg x mepuox pasex m.

7) HenpephsIBHOCTE.
Dyaknuda y = f(x), oupegenennas Ha uHTepBaie (a, b),
Ha3bplBAaETCs HENPEePBIBHON B Touke x, € (a, b), ecan

lim f(x) = f(xy), T. ¢, VE>038>0: V x: |x —x,f <& =
X—>Xo »

= [f(x) - f(xy)] <e.
Hcnonssyem crepyomine 0003HaYeHUA:
Ax=x,- x, Ay = f(x) — f(x,),
rjge Ax — mpupailleHHe apryMeHTa;
Ay — npupaiieHue GyHKIHH.
Paccmorpum apyroe ompeaesienne HePepPHIBHOCTH.
IIyers y = f(x), TAe x — TeKymas TOYKA M3 006jacTH
OIpeeseHN .
DYyHKIUA HA3bIBACTCA HeIPEPBHIBHOM Ha JAHHOM MHO-
KecrBe X, ecau:
1) oHa ompeZieNieHa HA 3TOM MHOXeCTBe, T.e. V x € X 3 f(x);
2) HenmpephIBHA B KaXKJOH TOYKE 3TOro MHOYKECTBa, T.e.
VvV x € X cnpaBeaiuso lim Ay = 0.
Ax—0

y=7[(x)
LY

flxy) +€ -
f(xy)

f(xo) ~ &




f(x, + Ax)

fxy) flxy + Ax)

0 X, +Ax
DYyHKIMA HasbIBaeTCA HeNPEepLIBHON B AaHHOH TOuYKe,
ecau B 3TOM Touke 0eCKOHEUHO MAJIOMy MPUPANIEHHUIO ap-
rYMeHTa COOTBETCTBYeT OeCKOHEYHO MaJjioe MpHpaleHne
GyHKIIUNA.
f(x) — HempephIBHa B TOuKe X, <>V £>038>0:
|x-x4 <8, 7. e 0<lAx| <3,
| 7(x) - o) =1 fxg+A%) - f(x )| <.
Touka, B KOTOPOil HADYIIAeTCsH HEIPePLIBHOCTh (HYHK-
UMK, Ha3hIBAETCI TOYKOH pasphiBa 3TOH GYHKIIHH.
ITycts x, — TOYKA pa3speiBa QYHKUIUU [ M CYIIECTBYIOT
KOHEYHBIE IpeesIbl
f(xg —0)= lim f(x), f(x, +0)= lim f(x),
X-»Xy-0 x>y +0

TOrJa TOYKA X HashIBAETCA TOUYKOI pasphlBa mepBOro poja.

Beamuuna f(x, + 0) - f(x, — 0) HaskiBaeTCcA CKaYKOM
¢yHkuun [ B TouKe X.

Ecau f(x,—0)=f(x,+0), To X HazpIBaeTCA TOUKOM ycTpa-
HUMOTO pasphIBa.

Ecam poompeneauTh QPyHKIMIO TaKMM 0oOpasoM, YTO

f(xg)= lim f(x)= lim f(x), To mosyuum HelpepHIBHYIO
x-x3-0 x->xy+0

¢byHKIIHAO.
Touka paspriBa, He ABJIAIOMAACA TOYKON paspeIBa Iep-

BOTO PO/, HA3EIBAETCA TOYKOH paspeIiBa BTOPOTO poja.
TaxuM 00pa3oM, B TOYKAaX BTOPOTO poja II0 KpaiiHeil Mepe

ONMH W3 IpefesoB He cymecTeyer lim f(x), lim f(x).
x—xy—0 xxy+0

\
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PasnuuHble pasphiBbl GYHKIMKY B TOUKEe IIPeNCTaBIeHbI
Ha DHCYHKAaX:

O6patHaa oyHKumA

Ilycts 3amana dyaKnua y = f(x), x € D. Torga xaxxaomy
YHCIy X, € D COOTBETCTBYET €AMHCTBEHHOE YHCJIO

Y= f (x).

Wrorga mpuxXoAUTCA 10 3HAYEHUI0 QYHKIHUH Y, Ha-
XOMUTh 3HAUeHWEe apTyMeHTa X,, T. €. pelaTh ypaBHeHUe
f(x) = y, orHOCHTENBHO X. JTO ypaBHEHHE MOXKET HMEThb
HECKOJbKO WMJIH fAaKe OeCKOHEeYHOe KOJUYEeCTBO penIeHui
(pelieENAME ABAAIOTCA abCHMCCHL BCeX TOUEK, B KOTOPBIX
rpaduk y = [ (X) mepecexaeTcs ¢ npAMoi y = y,).

Ecim pyuknua f TakoBa, YTo KaXKAOMy 3HA4E€HMIO Y, € E
COOTBETCTBYET TOJBKO OJHO 3HadeHHe X € D, To aTy GyHK-
LIMEO HASBIBAIOT o6parumoii. s Taxoil GyHKIMK ypaBHEHNE
Y = f(x) MOYKHO IIpH JIF060M Y OZHO3HAYHO PaspeHIUTh OTHOCH-
TENBLHO X, T. €. KAXXAOMY Y € E COOTBETCTBYeT eJUHCTBEHHOE
s3HaueHue X € D. 3To cooTBeTCTBUE ompefensaeT GYHKIUIO,
KOTOPYIO Ha3LIBAIOT o6paTHOH K GyHKINK [ U 0603HAYAIOT
cuMBoJioM [, .

IIyets g = f1. Torga:

* D(g) = E(N, E(g) = D();

o nada moboro x € D, g (f(x)) = x;

e juis1 aroboro x € E, f(g(x)) = x;

e rpaduky pyHKIU y = f(x) U y = g(x) cUMMeTPUIHB

IPYT OPYTY OTHOCHUTEJBHO MPAMOH ¥y = X.

IIpumepsr obpaTHeIX QyHKUOHE Y =log, x U y =a*,

y=x?uy= Jx Ha unTepBane x e [0; + ©).

Ha pucyHKe mpeicTaBieHBI rpaduku o6paTHBEIX QYHEK-
IIHHA.
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Ecnu dyarnus y = f(x) HellpepLIBHA B CTPOrO BO3PACTAeT
(cTporo y0riBaeT) Ha oTpeske [a; b], To Ha oTpeske [f(a); f(b)]
onpegeneHa QyHKIUI x = g(y), oOpaTHad K [, HellpepLIBHAA
U CTpOro Bospacramouias (CTporo yObIBamoias).

3nemeHTapHbie (OYHKUNK u X Knaccuthukauua

K ocnoenbim snemenmapHuimM QYHKUUAM OTHOCATCH
cIeqyrolIKe:;

y=x° — cTeneHHas
y=a*(a>0) — TIOKAa3aTeJbHasd
y=log (x) (a>0, a#0) — morapudpmuyecras




y=sinx

y=cosx
— TPUTOHOMETpHUYECKHe

y=tg x

y=ctg x

Y = arcsin x

Y = arccos x — o0parHble

y = arctg x 4 TPUTOHOMETPUUECKHE

Yy = arcctg x

y=C, C =const — NOCTOSAHHAA

Besakasa GyHKONSA, KOTOPAs MOMKET GHITh SBHBIM 00pasoM
3aJlaHa ¢ IOMOIIBI0 QOPMYJIRI, COAEPIKAINCH JUIL KOHEeY-
Hoe 4YMCI0 apudMeTHYeCKUX omepanuii ¥ CynepmosuIuit
OCHOBHBIX 3JIEMEHTApPHEIX (QYHKIMI, HA3BIBAETCA NPOCMO
anemenmapnol QyHKIHE.

OleMeHTapHBIe (PYHKIUM MOJYYAIOT IOCPEACTBOM KO-
HEUHOro 4mcia apndMeTruuecKux onepamnii ¥ KOHEUHOro
YHCJIA CYNEPIIO3UIMI M3 MPOCTERIINX 3/IEMEHTAPHBIX PYHK-
nuit. Hanpumep, f(x) = x2 + 5 sin 3x, f(x) = In(cos x),
f(x) = sin(In x) + earesin'x,

C momomibio 3JeMeHTApHBIX (QVHKNHI yAaeTca AOCTAa-
TOYHO TOYHO OIMCATH CaMbleé PasHOOGpasHbIe (U3MYecKue
uponeccel u ABIeHuUs. B TO Xe BpeMsa sJIeMeHTapHEIE
GYHKIIMY BecbMa IIPOCTHI, TOCKONBLKY OHY CTPOATCA Ha Oase
ABEHAAUATH NePeqYHCHAeHHBIX .B Ta0NHIe MPOCTeHINUX JJIe-
MEHTapHBIX GYHKIOUI, CBOMCTBA KOTOPEIX N3BECTHH. Bee aTo
JAeJlaeT KJIACC BJIEMEHTADHBIX QYHKIWIHA I'IIaBHLIM 06BeKTOM
N3ydeHNA B Kypce MaTeMaTHUeCKOro aHAJIU3A.

SneMeHTapHble (QYHKIUM OOBIYHO AEJAT Ha KJACCHI:
anreGpavuecKue N TPaHCHEHAEHTHEIE (PYHKIINM.

AnreGpanyecKMMH HA3LIBAIOTCA PYHKIUY, 3aKaHHEIE C
TIOMOINBIO CYHEPIO3UIMIA PAaIlHOHAIBHBIX QYHKIUIM, CTeNeH-
HEBIX C PalMOHANLHBIMHY OKA3aTeNIMHU K YeTHIpeX apudMe-
THYECKHUX AedcTBHH. IX MOKHO pasfe uTh HAa TPH TPYHIEL.
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1. Mrozouaenot (noxurnomst) — 310 GyHKIMA BHAAA

n
y=Yax =a +ax" +K+a,x".
k=0

Ecnu a,# 0, To 4uCa0 N Ha3BLIBAETCA CTENEHBIO JAHHOIO
uonunoma. Hanpumep, y =2 — 5x + x3. Crenens MHOro4IeHa

panua 3.
[Ipu n = 1 MHOTOYNIEH IepBOl cTEmeHH U Ha3bIBAETCA

auneiiHoi pyukumeii. Hampumep, y = 2x — 4.
2. [Ipobro-payuonanvrbie QyHKIHN:

Q)

3. Hppayuonanvhbie PyHKINE — TaKwe, KOTOpBIE COZEp-
JKAT IePeMeHHYIO MO/l 3HAKOM KOpHA.

, rae P(x), Q(x) — MHOro4JaeHsl.

Hanpuwmep: y = Jx.

TpaHcueHgeHTHLIMH (PYHKIMAMH Ha3BIBAIOTCS 3JIe-
MeHTapHEIe QYHKIAY, He ABIAIOLAECT aIredpandecKuMH,
sanucafHHble OYKBeHHBIMHM CHMBoJaMH. K HEUM oTHOCATCA:
noKazaTeabHas, JorapudMmdyeckas, TPHTOHOMETPHYECKHE,
ofpaTHsie TPUroHOMeTpUUYecKue GyHKIUN.

Knaccuburanua QyHKIUE MpeAcTaBieHa HA CXeMe.

/ dneMeHTapHble GYHKIINHA I\

| anreGpanueckue |

| MHOT'OYJIEHbI

L—D[ IpoGHO-palMOHAJbHEIE ]

TpaHCLHEeHASHTHEIE

—>| nppannona.um{mej
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3apanus
ANA CaMOCTOATENbHOI paboTel

ITocrpoitte rpadukn GpyEKIIMi 1 NepedHCaNTe UX CBOH-
CTBa. ;
ayy=2x-1;
6) y=4x - x?, x g [-1; 5].
Pewrenue:
a) I'padukom dyHKIEM Yy = 2x — 1 ABagercd mpamas, Ko-
TOpas IPOXOJAUT Yepes JBe TOUKH:

Cpoiicra byHxmun y=2x - 1:

1YD (y)=R.

2)E (y)=R. ‘

3) ®yaxnusa Bozpacraer Ha Beeil 061acTH onpeeneHHs.
4) Oyuxnus obimero suaa.

5) ®yHKINA He OepHOAMUIECKA.

6) ®PyHKOUs HeoTpaHWYEHHAA.

7) @yHKIMA HelpepbIBHASA.

6) Fpadpurom dyuxnum y = 4x — x2 asaserca mapaboia,
BeTBM KOTODOil HampaBJIeHHI BHU3, TaK Kak a =-1 < 0.
a=-1,b=4,c=0.

Bepmiuna napa6oist (xy; y,), rae

s Yo=4-2-22=4,




3HAYNT, KOOPAMHATH BepmuHH (2; 4).
BerumeauM K0OpAUHATH KOHTDOJIBHBIX TOYEK U 3aHECeM
ux B Tabaumy.

1

Ha pucynxe rpadux ¢pyHk-
nuu y =4x - x%.

CaoiicTBa QyHKIHH = 4x — x%

1) D (y)=[-1; 5].

2) E (y)=[-5; 4].

3) ®yuxnusa Bospacraer npu x € [-1; 2], GyHKIHA y6BI-
BaeT npu x € [2; 5).

4) @yarnua obmero BuAa (HU YeTHAsT, HY HEUETHAS).

5) @yHKIMA orpaHnYeHHas, M = 5.

6) Pynxnua He mepHOZHUYECKAd.

7) ®yEKOus HelpepbIBHAA.

Ne 36

TocTpoiite rpaduru dyurnui n hepetmcnn're UX CBOH-
cTBA.
| Bapwuanr 1. Bapuanr 3.
a)y=2-3x; a)y=2- 4x;
6) y=— x2 + 2x, G)y=x%-4x+1,
x e[-1; 3]. x €[-1; 5).
Bapwuasr 2. Bapuanr 4.
a)y=>5-2x; a)y=2x-3;
6)y=3 -~ 2x — x2, 6) y =-x2 +6x,
x e [4; 2]. x €[-1; 4].
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Bapuanr 5.
a)y=3x-1;
6) y=x%- 2x +4,
x e {-1; 4].

Bapuanr 6.
a)y=2 - 6x;
6) y=—0,5x2 + 2x,
x e[-1; 3].’,
Bapuanr 7.
a)y=5—2x;
6) y =3 - 2x - x?,
x e[—4; 2].
Bapuaur 8.
a)y=2-4x;
O)y=x—4x+1,
x [-1; 5].

BapuanTt 9.
a)y=3x - 3;
6) y=-0,5x2 + 6x,
x e[-1; 4].

Bapuanr 10.
a)y=4x — 2;
) y=x2—2x — 2,
x e[-1; 4].

Bapwasnr 11.
aAy=2-x;
0) y = —2x% + 2x,
x e [-3; 3).

BapuanT 12.
a)y=5-—3x;
0)y=3—4x — x2,

x e [-4; 2}

Bapuanr 13.
a)y =2 - 3x;
By=x>—-4x+1,
x € [—1; 5].

Bapuanr 14.
a)y = 2x — 3;
6) y = —x2 + 8x,

x e [—2; 4)].

Bapuanrt 15.
a)y =3x —4;
)y =x>—2x+1,
x e [-2; 4].

Bapuanr 16.
a)y =2 — bx;
6) y = —x2 + 8x,
x e [—3; 3].

Bapuanr 17.
a)y="7-2x;
6)y =4 — 2x — x2,
x e [—4; 2].

Bapuant 18.
a)y=6-—4x;
O)y=x2—-8x+1,

x e [-1; 5].

Bapuanrt 19.
a)y =4x — 3;
6) y = —x% + 10x,
x e [—2; 4].

Bapuant 20.
a)y=5x ~2;
6) y = 3x%2 — 6x + 4,
x € [—-2; 4]

Bapuanr 21.
ajy=x—4;
)y=x2—-4x+1,

xef0; 7]

Bapuanr 22,

a)y = —x + 4;
)y=—x2+2x -5,
x e [-3; 3].
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Bapuarr 23. Bapunanr 32.

a)y=2x—1; a)y = —2x + 6;
6)y=—2x2+4x — 5, 6)y=—2x2+4x — 3,
x € [-1; 5]. x € [-3; 3).
Bapuaut 24. Bapnaur 33.
a)y =3x — 2; a)y = 3x — 5;
6)y =2x%2—4x +1, 6)y =—4x2 + 4x — 5,
x € [-2; 4]. x e [-1; 5].
Bapuasnr 25. Bapunanr 34.
a)y =—x + 5; a)y = 6x — 3;
6)y =6 — x2, G)y=2x2—4x + 2,
x e [-3; 3]. x e [-2; 4].
Bapuant 26. Bapuanr 35.
a)y=x-— 6; a)y =—2x + 5;
6)y =x2—4x + 2, 6)y =10 — x2,
x € [ 0; 6]. x e [-3; 3].
BapuanT 27. Bapuant 36.
a) y=-2x+3; a)y =5x ~4;
)y=—x2+2x— 2, 6)y =2x2—-8x+ 1,
x € [-3; 3]. x €[ 0; 6].
Bapuanr 28. Bapuanr 37.
a)y =4x — 4; a)y = —2x + 6;
6)y =—x%+6x— 3, 6)y=—x2+6x—5,
x e [-1; 5]. x € [—3; 3].
Bapuanr 29. Bapuanr 38.
a)y=x+ 6; ay=x—3;
)y =2x2—8x + 2, 6)y=—2x2+4x— 2,
x e [-2; 4]. x e [-1; 5].
Bapuaxr 30. Bapuanr 39.
a)y=-—x+3; a)y = 2x — 4;
6)y =5 — x2, 6)y=2x2~2x + 3,
x e [-3; 3] , x e [-2; 4).
Bapuanr 31. Bapuasnr 40.
a)y =—x—4; aAy=—x+7;
B)y =2x2—-6x+ 1, 6)y=17— x2,
x €[ 0; 6]. x € [-3; 3].
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Ne 37.

Henons3ya rabauny mokasanHuil, mocrpoiite rpadurn
TEeMIEpaTyphl, NYJabCa ¥ aAPTEPHAJILHOTO AaBJIeHUA Ha TeM-
nepaTypHoM jaucre. OTMedaiiTe TOJBKO IMOKA3aHUA YTPA.

Venorabie obosnadenns: II — nyasc; All — aprepunans-
Hoe naBjenne; T° — TeMmepartypa; Vv — yTpo; B — Beuep.

Ne KapTHL TEMHOEPATYPHBII JTUCT Ne nanaTet
Damnnus, u., 0. 60aBHOTO
JHara
Henn ”
Gosresnn
Jenn 151 161 171 18] 19| 20} 21 22| 23] 241 25} 26| 27) 28

peOnIB.
B CTAI(HOH,

I AR T ly|8lyBly]s|ylely]e|y]e|yie]y]eiylelyvislyis(yirly|Blvis

90 [125]) 38

80 10037

70)75] 36

60 50 35
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Ta6auna NOKa3aHMH K TeMIEepaTYPHOMY JHCTY

Hess 15 16 17 18 19 20 21
Te 38,7 38,1 37,5 37,5 37,6 37,9 37,2
Al [120/80(110/70 | 110/70 | 100/60 120/90 | 110/70 | 100/60
I 75 72 70 72 68 65 62

Hens 22 23 24 25 26 27 28
Te 36,8 36,9 36,5 36,7 36,6 36,5 36,6
ALl |110/80 | 115/75 | 120/80 [ 110/75 115/65 | 100/60 | 95/60
I 64 66 75 72 70 68 65

Bonpocst no Teme

1. Ymo maxoe pynryua?
2. ITepeuucaume ocHO8HbLe CE0UCMEA PYHKYUL.
3. ITepevucaume cnocobbi 3adanus PyrRKyul.
4. Ymo marxoe o6racms onpedenenua ynryuu?
5. Ymo makoe obracmb 3Havenull pyrnryuu?
6. Kaxue euds. pyHKyul 8v. 3naeme?
7. Jlaiime onpedenenue Henpepui6HOCMU PYHKYUL.
8. Kaxas QYyHKYUA Ha3viéaemcs o6pamuol?
9. F'pagurom Karxol QYHKYUL A6AAMCA npamasa? napa-
6ona?
10. Ha rakue 6udb. pyricyuu 0enamcs no 1emnocmu?

3. 3ak. 475 . '




Tema 1.3. llpumeHeHne MaTemMaTUyeCKUX
METOAI0B B npotheccUOHANbHOW AeATeNbHOCTH
cCpenHero MeguUMHCKOro nepcoHana

9) TepmuHb!

+ AprepuanbHoe naBieHHe

* T'azoobmen B nerkux + Ocrarounsiii 0GBHEM JeTKUX

* Ouacronnubekoe aprepuans- - YacTora ceprevHhIX
HOe AaBJIeHue COKpalleHHit

+ CHcronudeckoe apTepuain- + Ypapuuiii 00beM KpoBu
HOe NaBjeHHe + MunyTHEIE 06bEM KPOBH

+ NonosHUTENIBHEIN + IIponopuuonanbHOCTS
of’beM BIOXa pa3BUTHA peGeHKa

+ IsixaTenbHLIH 06beM + AHTpoTIOMeTpHYeCKue

* MunyTHEIE 06BeM Jerkux UHIEKCHI

+ JKusHeHHas eMKOCTh Jerkux + HHAexc MaccH Tena

* PesepBHLII 00HeM + O6beMHEIA MeTOZ pacdeTa
BAOXa/BRIZOXA OHTaHUSA

* YacroTa ABIXATeIhHBIX + Kamopuitueiit Merog
ABHKEHUMN pacyera IMTaHUS

OCHOBHbIE NOHATUA

[oe
)Kusueuuan eMKOCTb Nerxux

Apmepuanvroe daenenue — KapaeHne KPOBH Ha CTEHKH
aprepui, U3MeHAETCA B 3aBICHMOCTH OT $asbl IMKJIA COKpa-
ueHus cepana. OHO 3aBUCHT OT CHJIBI COKpAIleHUs cepAala,
NPUTOKA KPOBM B apTEPUANBHYIO CUCTEMY, COCTOSHUS CTe-
HOK COCY/I0B, BASKOCTH KPOBH U MHOTHX APYTHX (aKTOPOB.
Paznuuator aprepuansHOe AaBieHUe cucmoauveckoe — CJI
(Maxcumansroe), Juacmoruveckoe — IJI (MUEMMATBLHOE)
u nyavcosoe: I1J1 = CII — I JI. Beruucasior Takxke cpednee
dunamuuecroe nasnenue: CII = II71/3 + 1.
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T'a3o06men 6 nezxux — NPOUCXONUT B TPH dTANa:

1) BHelIHee, MM JIETOYHOE, ABIXaHHE — Ipollecc oOMeHa
razamu O, u CO, Mexay JTerKUMHU U aTMocGepoit;

2) TpaHCIIOPTUPOBKA I'a30B KPOBBIO;

3) TKaHeBoe ABIXaHuMe — raszo00MeH B TKaHAX, B pe-
3yabTaTe 4yero morpebisercs Kuciopoi, obpasyerca AT
(axenosuHTpHGOChAT) B YIIIEKHUCIBIHA ras.

Wnorna BRIAEAAIOT elle OAUH, CAMBIY HAYAJNBHBIN 3TAll
JNBIXQHUA — BEHTUJIALWIO, T. €. IBUIKEHUE I'a30B MEXAY
aTMoc(hepoil ¥ ABIXaTeJbHON IOBEPXHOCTHIO JIETKUX.

IIpu BHOX€e JNerkue 3aNMOJHAIOTCA BO3ZYXOM, KOTOPBIHM
copepxur 79% asora, 20,97 xucmopoga u 0,03% yrie-
kucioro rasa. Tak kKak faBlieHHe aTMocdepHOro BO3AyXa
paBHO 760 MM pT. CT., TO IPH YKa3aHHBIX KOHUEHTPAIUAX
ra3oB BO BABIXa€MOM BO3AyXe ITapliHaJbHOe JaBJeHUe KHC-
JOpofa cocTaBAseT oKojxo 159 mMm pT. er. (= 21% ot 760),
a30Ta — okoJyo 600 MM pT. c1. (79% or 760), yraexucaoro
rasa — okoyo 0,2 MM pr. cr. (0,03% ot 760). ITapuuansHEIM
JaBJIeHHEeM rasa HA3BIBAETCS Ta YacTh oblero AaBJieHHSd,
KOTOpad IPUXOAUTCA Ha AOJIO ITOTO rasa B rasoBoii cMecH.

IIpu BRIZOXE BO3AYX coaep:KuT oxono 16% Kucaopona
" 1 4% yriexkucioro rasa.

Mzi genaem 1000 sgoxos B uac, 24 000 3a cyTrH, 9 Muan
3a rofi, a Ha NPOTAKCHUN JKAZHU B cpeiieM oKkoio 650 muH.
[Tpu sToM opraHmsM HPOM3BOZUT 3a 70 JeT OKOJO TOHHEI
PaIUKAJIOB KHcaopojal

HKusnennasn emxocms nezrkux (JKEJI) — maxcumans-
HBIH 00BEM BO3AYXAa, KOTOPHIH MOJKHO BLIIOXHYTH IIOCJIE
makcumansaoro spoxa. JKEJI pasra cymme 110, 10, PO.
HKEJ asnsercs moxasaTeleM <«pacTAXKHMOCTH» JErKux
¥ rpyaHoi kiaeTxku. Bemmuuna JHKEJL — 4000—5000 mn y
myxuuH 1 2500—3300 ma y sxenmuH. IIpy Harpyske Mosxer
YBeJIMYUBATHCA 324 CUET PAsJIMYHBIX MEXAHM3MOB, B YaCT-
HOCTH 3a CYET IIOBBLIIIEHUS TOHYCAa MBININ, YYaCTBYIOIIUX
B aKTe ABIXaHHA.

HAuacmonuveckoe apmepuanvruoe daérenue (JAJID)
XapaxkTepusyeT JaBJeHHEe B KPYIHBIX apTepHaJbHEIX COCY-
Aax BO BpeMsA duacmonst cepiua, GImKe K ee 3aBepIIeHHIO.
Benmmuuna JOAJl cocrasaser 60—90 MM. pr. ¢T. M 3aBH-
CHUT B OCHOBHOM OT COCTOAHHS TOHyCa CTEHOK apTepH-
aJbHBIX COCY/IOB, OIpEeAeNAIOIUuX ofujee nepugdepuieckoe
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conpomusJjienue cocy0oé W MAallo 3aBHCHT OT H3MEHEHMI
YOK. JAJl npn GuUsHIeCKUX HATPY3KaxX 4alle yMeHbIIAaeT-
Csl, OJHAKO 110 A6COIOTHBHIM 3HAYEHUAM — B 3HAUYUTENBHO
MeHbIle# cremeHn, yem usMensercs CAJL.

Honoanumenwvroiii 06vem edoxa (JAII0) — obbem
BO3yXa, KOTODBIH MOKHO BJOXHYTH AOMOJHHTEJIHHO IIPH
MAaKCUMANBHOM YCHJIMH IIOCJIe CIOKOMHOTO BRoxa. Bernan-
Ha JIIIO — 1800—2500 Mx y myxuynd u 1300—-1600 mxa y
KeHiue. B AUHAMUKE (dyaxumoransHoro cocroauus JII10
MOKeT UBMEHATHCA B 3aBUCUMOCTH OT m3MeHenui J10.

Hvixamenvubviii 0o6vem (J0) — o6meM BO3AYXa, BIBI-
XaeMEIH IIp¥ OOBIYHOM CIOKOMHOM (He YCHJIEeHHOM) BIOXe
¥ BBIABIXaeMEIN NpY OOBIYHOM CIOKOMHOM (He YCHJIEHHOM)
BBIZIOXe. JIBIXaTeNbHBIH 00HEM COCTABIAAET B cpefHEM
300—500 mux y B3pocasix myxuus # 300—400 M1 y KeH-
muH. [Ipu Harpyske IO MoskeT yeenmumsathes o 1500—
2000 v 1 1300—1500 M COOTBETCTBEHHO 3a CYET YMEHbIIIe-
HUA 0ONOLHUMENbHOZ0 003eMa 600Xa U Pe3ePEHO20 00BeMa
6bidoxa. JIna pacueTroB OTHOCUTENBLHEIX U3MEHEHHMH BMECTO
IO ucnoassyeTca HmoKasaTenb aMILIMTYASI Abixanus (A]l),
B CBOIO O4epelb PACCUUTBIBAEMBIH U3 3JI€KTPOrPAMMEL 5KC-
KYypCHH IpYAHOH KJIeTKHU. AMILIMTY/JA ABIXaHUSA paBHIETCS
PasHOCTH MeXJy MaKCUMYMOM BAOXa ¥ MUHIMYMOM BBIZOXA.

Munymuwtil 06sem kposu (MOK) — KoamdecTBO KPOBH,
nepexadyrBaeMoe cepaneM 3a ogHy MuHyTy. MOK BRIUMCHS-
eTca Kak npoussenenve YOK na YCC.

Munymnuiit 06vem nezkux (MOJI) — o6nem Bo3AyXa,
NPOXOJAIINI dYepe3 JIETKHE B TedeHKe OXHON MUHYTHL. Pac-
CYHTHIBAETCA KaK npousseserue T u Al

Pesepenviii 06sem 6bvidoxa (PO) — MaxkcumadbHBIHR
o0beM BO3JyXa, KOTOPHIH UYeJOBEK MOXET BBIZOXHYTH
JOMOJHUTENLHO IOCTEe CIOKOMHOTO BRIAOXa. Beamumna —
1300—1800 mn y mysk4aud u 900—1300 M v xeHIIUH.

Cucmonuvecrkoe apmepuanvioe dasnenue (CAI) —
JaBJjieHue, CO3JlaBacMoe CEepAIEeM B apTEepPHAJBLHOM pycJe
B MOMEHT CHCTOJIBI KedyRoukoB. CAJl asasierca obmieii
XapaKTepUCTUKOH paboThl cepAeYHO-COCYAUCTON CHCTEMEL.
Bemnduna CAJl 3aBHCHT OT COCTOSHMSA APTEPMANBHOTO CO-
CYAHCTOrO pycia (ero o6uwezo nepugepuieckozo conpomue-
JNeHUA) U BeJMIUHBI CHCTOIUYECKOTo BEIOpOCa — YZapHOTO
ofbeMa KpoOBH.
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VY 4yejyoBeKa B MOKOE CHCTOJNHMYECKoe AaBieHme — 90—
140 mM pr. ct. Ero 3HaueHne CUJIBHO 3aBHCHT OT UHIHBU-
AVAJNBHEIX 0COGEHHOCTEH YeloBeKa, OT e€ro KOHCTHUTYIUW,
BO3pacTa, NnoJja u T.A. ¥ J0Jeil ¢ aCTeHHYeCKOoil KOHCTUTY-
umeit, kak npasuio, CAJl HeCKONBKO HU)Ke, YeM Y JIOAeH
¢ runepcredudeckoii. C Bospacrom CA]Jl moBmimaercs.
¥V myxunn CAJ] HeCKOJBKO BbIIIe, 4eM V KeHmuH. [Ipu
tusmyeckux Harpyskax CAJl ysenwdauBaeTca B IepBYIO Ode-
pelb 3a CUET BO3PAacTaHMA o6beMa BRIOpachIBaeMOil KDOBU
M pOCTa CONPOTHBIEHHA COCYAUCTOro pycia (COKpalleHHe
FASOKUX MBI COCYAHUCTOM CTEHKM — Cy’KeHHe AuaMeTpa
nepudepryeckux cocynos). Crenens usmenenus CAJl mpu
dHU3HIeCKHX HATrpY3KaX OTpakaeT yDOBEHb De3€pPBHBIX
BO3MOXCHOCTEH Cep/ledHO-COCYAMCTON CHUCTEMEI M IYTHA ee
aganranuu. [Ipn Harpyske y sgoposoro uyenosexka CAJl mo-
et gocrurats 160—200 mm pr. cT.

Cucmonuueckuii (ydapnsiii) o6sem xposu (YOK) —
0o6’beM KpOBH, IOCTYHAIOWIXIA B aopTy IpH OJHOM COKpa-
imenun cepiaua (cucmone). YOK mokaswiBaer BeJIHIUHY
CepAevYHOro BRIOPOCA M ABIAETCA XapaKTePMCTHKON IIpouM3-
BOAUTEJILHOCTH CepAlla KaK Hacoca.

BrraycanTesIbHbIN crocol onpefesie s YAapHOTo oobeMa
kporu (YOK):

YOK =90,97 + (0,54 - (CAL - DALD)) -
-(0,57 - A~ (0,61 - BospacT).

Beauuunaa YOK saBucur or o6meMa KpOBH, HOCTYIIHB-
Iero B cepjie Bo BpeMA Juacmofbl, ¥ CTeNeHU pacTsxe-
HHNS BOJIOKOH MUOKapza (3axon Cmapaunza), a TaKkXke OT
BJIHUAHHN HA CUJIY COKPAIIEHNUSA CO CTOPOHEL 6€2emamueHnou
HepaHnol cucmembi. IlonoxurencHoe Biusanue Ha YOK
OKAa3hLIBAIOT 'yMOpaibHbie GaKTOPhI, B YACTHOCTH, TOPMOHEI
HAIITOYeYHHUKOB: afpeHaINd, HopagpeHannH, fodamus. YOK
3aBHCHUT OT B0O3pacTa, II0Ja, pasMepoB CepAlla M CTeNneHH
AIATITUPOBAHHOCTY K QUBHMUECKUM HArPY3KaM.

Hanpumep, B IIOKOe B IIOJIOKEHHUH Jeska y HeTpPeHH-
poBaHHBIX Mojoabix Jojeit YOK cocraBaser 80—95 mn
(UCC — 60—80 ya./mun), y cnoprcMenos — 100—120 ma
(UCC — 40-45 ya./mun). MakcuMaapHO CHCTONHYECKHIL
o6beM Mo:KeT gocturatb 180—200 mu.
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Crenens usmenenns YOK npu dusmueckux Harpysxax
II0 CPaBHEHUWIO C IIOKOEM OTPa’kaeT YPOBEHbL Pe3epPRHBIX
BO3MOXKHOCTeH cepaLia. Beaymum MexanusMoM yBernyeHus
YOK nopn pusnIecKNX HAIPY3KAX ABJIAETCA YCHJICHVE CUM-
namuyecKux v CHUMKEHUE NApacuMnamuieckux BAASHAL.

Ilpu pusmyeckux Harpy3Kax BMecCTe C POCTOM IOTpeb.e-
HUA KHcJIopoXa Bospacraer ¥ YOK, Ho a0 npenenos, oGecne-
YeHHEIX BO3MOMKHOCTSAMH PACTSIXKHMOCTHM U COKPATHMOCTH
MuokapAa. IIpu sTom ymepeHHBIe QuaMuecKume Harpysku
MOTYT BBIBHIBaTh Goisinee yBenmuenme YOK, uem 3Haun-
TeJIbHBIE, IOCKOJIbKY NIPH 3HAYUTEIBHBIX HAIPY3KAX CHIBHO
Boapacraer YCC, uTo BefleT K PEBKOMY CHUMKEHUIO BDEMEHHU
AUacCTOJILI U KPOBEHATIOJMHEHH MKeIYF0IKOB.

Yacmoma dvixamenvrbvix deusicenuii (U]]) — xonude-
CTBO ABIXATeNbHBIX IUKJOB «BAOX-BBEIZOX» 334 OHY MUHYTY.
Cpeansa Y B cocToAHHM GUBHYECKOTO MOKOS — 12—
16 B MuH,

Hacmoma cepdeunsvix coxpawenuit (UCC, wacrora
IOyJabca) — 4YMCIO COKpalleHH# cepima B mMuHyry. YCC
ABJIAETCHA OJHOH M3 OCHOBHEIX XAPAKTEPHCTHK COCTOSHMA
cepAeYHO-cocyucToi cucrembl. OHa pasaryaeTcs B 3aBHCH-
MOCTH OT BO3pacTa, 10Ja U NHAUBUAYAJILHEIX 0coObeHHOCTeLT
cumnamuieckol u napacumMnamuieckol peryIsauun cepaed-
Ho-cocyaucToil fearenbuocTd. YCC 3aBUCHUT OT COCTOSHUS
CaMoro cepjilia, IPOLECCOB CAMOPErYJANUM, CHCTEMHON M
UEHTPaJbHOX PeryJIAnUy U yPOBHA HAarpysku. CTemeHb u3-
meneHus YCC npu pusmueckux HArpysKax MMeeT, B OIpe-
ACJIEHHBIX IIpefesax, IPAMYIO 3aBUCHMOCTH OT BEJIHMIMHEI
BBINOJIHAEMON Harpysku. ¥Besnuenue YCC npu pusmyeckux
HArpy3Kax ONpefleIeHHOrO AMANA30HA MHTEHCHBHOCTeil
KOPpeJUPYeT ¢ POCTOM IIOTPeOIeHNsT KHUCIOPOa, CBA3AHO C
YCHIIEHHEM CUMIIATUYECKOTO BIUSHUS HA CEpALle M OTPAXKAeT
TPEeHUPOBAHHOCTD CEpAILa.

B nopme UCC y Bapocinoro uenosexa 60—80 B MuHyTY.
Yeenugenuro YCC ceoime 80 yiapos B MUHYTY (TaxuKapAun)
COOTBETCTBYET IIOBBIIIIEHHAs YaCTOTa IyJbca (Taxuchurmus).
Ymensmennio YCC menee 60 ynapoB B MHHYTY (6paguxap-
AMH) COOTBETCTBYET ypexeHHe ynbea (Gpagucdurmus).
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Pexomendayuu k 66in0nHEeRUI0 3adayLL.

1) Kusnennsaa emrocts jgerkux (WHEJ) — emrocTs
JNOTKHX, COOTBETCTBYIOIAaA MaKCHMaIBHOMY 00beMy BO3-
JlyXa, BABIXAeMOMY HJIM BBIJLIXaeMOMY JAHHBIM UeJOBEKOM
(/IHOMOMEHTHO. JTO OfAWH M3 MOKasaTexed (PHUINIECKOTo
passutusg. JKEJI Moxxer OBITH ZOCTATOYHO TOYHO PACCUH-
THHA UCXO/SI U3 OCHOBHEIX AHTPOIOMETPHYECKUX pa3sMepOB
rpyanoi kaerku. JKEJI — aro KonmgecTBO BO3AyXa, KOTO-
poe HBAUBHAYYM cocoGeH BRIAOXHYTH IIOCJKe MaKCHMAIbHO
11yOoKoro Bjoxa. JKusHEeHHAs eMKOCTD JIEFKUX U3MePAETCA
¢ noMompio cumpoMerpa. O6cienyeMbil npeaBapUTeNbHO
2--3 pasa genaer riyGOKHi# BJOX M BBIIOX, a 3aTeM, che-
4B MaKCUMAJLHBIH BIOX, ILIOTHO OGepeT B POT MYHAIITYK
CIHPOMETpa M, 3a)KaB CBOOOJHOH pyKo#l HOC, paBHOMEPHO
BLIABIXAET BO3AYX A0 OTKasza. MsMepeHue npoBoguTes 3 pasa,
YyUHTHIBaeTCA HANOOJIBHMINI ITOKA3aTelNb.

JKEJI 3aBucuT or 1moia, Bo3pacta, pasMepoB TeJa, CO-
CTOAHUA TPEHUPOBAHHOCTH.

Ona 6bpiBaeT B CJHEAYIOIIMX OpeAesax: Y MYXXIAH —
3,6—5,0 1; v enmua — 2,5—4,0 1. ¥V cnoprcMeHoB 3Ta
BeJIMYHA MOJKeT JOCTHUTaTh: Y My:XKuuH 7,0 1 u Goiee, y
weHmmH — 5,0 1 u Gonee. B OTAENBHEIX cIyYasx y JioAel
oueHb Buicokoro pocra JKEJI moxer pocrurars 9,0 .

CyllecTByeT BHIYHCIMTENLHHIH MeToZ onpejeeHUs
JOJKHOM «HOPMAJBHON» SKH3HEHHOH eMKOCTH JerKMX,
KOTOpDBIH 3aKJIIOYAETCS B CIEAYIOUIEM.

Hsmeprre cBOM pocT Ge3 06yBU u Maccy (e3 ofeskanl (ecan
Macca M3MepeHa B OfeXJe, TO €€ CIeAyeT yMeHbIIHTh Ha
2 Kr ana My:xuzH ¥ 1,5 Kr g4 JKeHIIUH, JeTOM 3Ta BeJINIH-
HHa YMeHbIIIaeTCA IPHUMEpHO B 2 paza). A 3aTeM, IOJCTaBUB
NoJIyuUeHHEIe 3HaUYeHUS B GOpMYIy, PACCUMTAMTE TEOpeTH-
YyeCKHIT 00beM — JKH3HEHHYI0O eMKOCTb JIETKHX.

PacueTHbIe POPMYIIBI A4 JOKHOMN KUSHEHHON eMKOCTH
sgerkux (I crmoco):

Maasunku 8—12 xer —

JO¥KEJ (1) = Pocr (cm) - 0,052 -
— Boapacr (xner) - 0,022 - 4,6;

Maapunku 13-—16 der —

JIPKEJI (1) = Pocr (cmM) - 0,052 —
— Bospacrt (zeT) - 0,022 - 4,2;
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JdeBouku 8—16 der —
JIKEJ () = Pocr (cm) - 0,041 —
— Boapacr (yer) - 0,018 - 3,7;

Bapocibie My KYHHBEI —
HAKEJI (a1) = Pocr (cm) - 0,052 -
— Bospacr (1er) - 0,022 - 3,6;
Bapocasie meHIUHEBI —

IGKEI (1) = Pocr (cm) - 0,041 —
— Boapacr (;er)- 0,018 - 2,68,

IIpu uccnenoBaHuY AeSATENBHOCTH ABIXATENBHOM CHCTEMBI
pasIuvaloT BHeNIHee U BHYTpeHHee AbIXxanue. 11og BHEIIHIM
MOHMMAIOT NIPOUCXOAAIINHE Yepes JIeroYHble KaOWIJIADPSI
Ta3000MeH MeX Y KPOBLIO X HAPYIKHBIM BO3JYXOM, IIOJ BHY- -
TPEHHUM — IIpPoIlecchl, 0OeceYnBaoUINe Fa3000MeH MeXAY
KPOBBLIO 1 TKAHAMH OpPraHH3Ma, a TaKyKe OKHCINTeJIbHbIe
TIpOUecchl, UAYIIKE B TKAHAX.

Jia usydeHUsA ObIXaHUSA HUCIOIb3YIOT TAKHE METOLUKH:

1. ITreBmorpadus — sanuchk JbpIXaTeJIbHHIX IBMIKEHUI
(oneHKa MX pUTMAa, YACTOTHI, AMILIUTYALI);

2. CoupoMeTpusa — ompejeneHue 00beMa JEeroYHOro BO3-
AyXa;

3. UsMmepeHne razoobMeHa — oIpefeleHNe BeJHUMHEI
NOIJOIEeHU OPraHM3MOM KHCJIOpPOZA U BEIJEJICHUS
YIVIEKUCJIOTH, T.€. JIErOYHBIA ra3000MeH;

4. OxcureMoMeTpHA — OIpejeseHNe CTelleHU HachIeHU s
apTepuaIbHONl KPOBH KHUCIOPOAOM, T.e. CTEIIeHHU apTe-
pHANH3alliM KDOBM, IIOKasaTeleM KOTOPOH ABIdeTcA
KOJIMYEeCTBO I'eMOIVIOOMHA B KPOBU, HAXOJAMETOCT TaM
B BUJle OKCHT'eMOIJIO0MHA.

Hac B nepeyio ouyepenb UHTEpPECYIOT MOKa3aTe/H BHEII-
Hero ABIXaHWUSA: PUTM, YACTOTA ¥ PAYOMHA JBIXATEJILHBIX
IBUKEHUN, MUHYTHBLIH 00beM JABIXAHWA, JIETOYHAS BEHTH-
JANNSA, KU3HEHHad €MKOCTh JIeTKHX. PaccMOTpHM MeTon
COMPOMETPHH IMOJYUYeHUS TAaKKUX JaHHbIX. Co3maresab 3TOrO
meroga I'yruumHcoH paspaboran KiaaccumpUKamuio o6HeMOB
JIETOYHOTO BO3AYXA.

CoruacHo 370 KiIaccuPUKALUY PA3IUYAIOT CIeAYIOIIHe
00'BeMEI:
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— ABIXaTeJbHBIH BO3AYX (ABIXaTelbHblH 06heM, J0) — 065-
€M BO3JyXa, BABIXaeMOr'0 ¥ BBIIBIXAeMOr0 IPH HOPMAlh-
HBIX BROXe M BBIOXE; €ro BeIWYHuHAa cocraBiaser 300—
900 Mu1. ITOT O0BEM ABJISETCA MEPOi MIIYOUHEI ABIXAHMUT;

— MOIOJIHATENbHBIN BO3AYX (pesepBHBIA 06BeM BHOXA,
POM) — 00'beM BO3/TyXa, BABIXA€MOTO NPYU MAKCHUMAJb-
HO TJIYOOKOM BIOXe; ero BeJmuMHAa cocTaBiasger 1500—
2000 mu;

— pesepBHBIN BO3AYX (pe3epBHBIH 00beM BBIIOXA, POBm)
— o0BeM BO3AYXA, BHIABLIXAEMOrO NPH MaKCHMAJILHO
ri1y0oKoM BeIZoxe; ero BeauuuHa — 1500~2000 M. Pe-
3ePBHLIN BO3AYX MOANEP’KUBACT JIeTKHe B OpeeIeH ol
CTeNeHU PACHINPEHUST;

—— OCTATOYHBIH BO3AYX (OCTaTOUHBIN 00BEM Jerkux, O0JI)
— 006'beM BO3AyXa, OCTAIIIETOCH B JETKUX IOCJe MAK-
CUMAaJILHOTO BHII0XA. Ero o6'beM y 30DOBOT0 MYXKYHHEI
cpejaHero Boapacra cocrasiser 1000—1500 mu1, Bo3pacras
¥ crapoctu o 2000—2500 mu. Ou MoxeT GbIThL U3MepeH
V JeJIOBeKa METOAOM MHranaumy (BAbIxanuA) naaudde-
PEHTHEIX T'a30B.

O6'beM MaKCHMAJLHOTO BBIJOXA, [IPOHM3BEIeHHOro0 IOocIe
MaKCUMAJILHOI'O B0X4, HA3HIBAETCA KUZHEHHON eMKOCThIO
aerkux (VKEJI) u npezgcrasaser coboit cymmy

o0 +PO_ +PO_ . (II crrocob)
B BBIY

Hna my:xuunasl cpegHero pocta #LEJl Baprupyer B npe-
Jexax 3500—5000 M u Gosee, Aist JKEHIIWH XapaKTEPHEI
Oosiee Hu3Kue 3HaYeHUA (Ha 25% MeHbIIE).

Cymma JKEJI u OOJI cocraBnsgeT o0IyI0 eMKOCTh JIer-
koro (OEJI), xapaKTepHU3yOHMIyIO CTeNeHsL aHATOMHYECKOTo
pa3BUTHSA OpraHa.

OpueHTUPORBOYHO AOJKHEIE BenuurHbl JKEJ] (M) MosxHO
MOJIYIUTDH, YMHOKAS POCT MY KUMHEI HA 25, JKeHIMHLI — Ha
20 (ITI cooco®).

Paccmorpennble merounble 066eMbl MOKHO ONPEJENINTh
€ TIOMOIIIBI0 CIIUPOMETPOB, BOAHOTO MM CYXOT0, 3TOT CIIOCO0
Ha YPOKaxX MaTeMaTHKH He MCI0Jb3yeTCA M3-3a OTCYTCTBUA
obopyAoBaHUA.

JKHM3HEeHHYI0 €éMKOCTh JIeETKHX MOSKHO OIpeAeNadUTh II0
roToBeiM Tabaunam (IV cnocoG):
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CpenHne BeIMUMHBI KH3ZHEHHOH €MKOCTH JETKHX
Y HIKOJLHHUKOR M CTYAEHTOB

Kusuennasn %
U3HEHHAA eMKOCTh
Bogpac'r €MKOCTh JIerkKux Boapac'r JeTKHX (JI)
(8 ro- (1) (s ro-
Rax) Maue- |flesoy-|  Aax) Manruukn | [eBoukn
YUK KM
7 1,4 1,3 17 3,9 2,9
8 1,5 1,3 18 4,1 3,0
9 1,7 | 1,5 19 4,2 3,1
10 2,0 1,7 20 4,3 3,3
11 2,1 1,8 21 4,5 3,4
12 2,2 2,0 22 4,6 3,5
13 2,3 2,2 23 4,7 3,5
14 2,8 2,5 24 4,8 3,6
15 3,3 2,7 25 4,9 3,6
16 3,8 2,8 26 5,0 3,7

Wnoraa ncnonap3yeTcss MeTof «rpy6oii» OleHKH COOTBeT-
cteus JKEJI BogpacTy u pocty o6cireiyeMoro o HoMorpaMMme
(V cmocob).

Pocr, cm Pocr, cM
155 160 165 170 175 180 185 190 155 160 165 170 175 180 185 190
55 | IO N T I N | o [ I ST I N S |
15 ner =
50 J30mer ey =
45 ner Q
gy
4,0 - 5,0
35 - - 45
3.0 - - 4,0
2,5 - - 3,5
* 15 ner g™ 30
30 net
s 45 ner [ 25
65 ner
g \ 75 qer [ 20
HKenmmuan MyKInHEs
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H3MepeHue IPOU3BOAUTCS CIEAYIOIINM 06pa3soM: IIpoBe-
CTH BePTUKAJIBHYIO JIMHUIO OT 3HaUeHUs poCcTa MCHEITYeMOro
J0 TiepecedeHHUs ¢ HAKJOHHOHN JMHUel, COOTBeTCTBYIOIIeH
BO3PAacTy HalldeHTa B BepxXHeil JacTH COOTBETCTBYIOIIel
HOMOI'PAMMBI, IPOBECTH BJIEBO TOPM3OHTANBHYIO JUHHUIO 10
ikaxsl JKEJI 1 3anucaTsh moIyYeHHOe 3HAYeHHe JOJAKHOTO
JKEJ.

O®PBl1 — o6nem ¢opCHPOBAHHOTO BBLIOXA, BeJNMUYMHA
nokagarensa JXEJI nomxua 66T Gosbine uau pasHa OPB1.

2) MepuJioM JIero4HOM BeHTHIIAIMY SBIAeTCA MUHYTHBIH
oobem aeixanns (MOJI):

MO/ = 110 - YO, rae U/ — uacTora ABIXaHMS (KoIHUUe-
CTBO BJJOXOB/BBIZOXOB B MEUHYTY).

YacToTa ABIXAHUS ¥ HOPMAJILHOI'O 340POBOr0 YeJOBEKa
BappupyeT oT 8 a0 28 UMKJIOB B MUHYTY, BOo3pacTas IpH
pabore mo 40.

YacTo MoJc4YeT AbIXATEIbHBIX ABHKEHUIN MIPOU3BOAUTCS
NyTeM BU3YAILHOI0 HAGMIOAEHUA 32 JbIXaTeIbHBIMU 9KCKYD-
cusmu rpyaHoit kiuetkn. MO/ B moKoe y B3pOCJIOro YelIoBeKa
cocraBisaeTr 5—9 .

3) BeruuciauTeNbHBIH CIIOCO6 OIpefesieHUS YAAapHOro
obrema Kpoeu (YOK):

VOK=90,97+(0,54 - (CAI — JA))-(0,57 « JAH) -
-(0,61 - Bospacr),

rae cucrormdeckuil (ynapusiii) o6wem xpoeu (YOK) —
00eM KPOBH, MOCTYNAKINUI B a0PTY NIPH OZHOM COKpalle-
Huu cepana (cucrose), CAJIl — cucTonmyeckoe apTepuaibHOe
nasnenve, TAJ] — puacroindeckoe apTepuaIbHOE JaBJIeHHE.

MunyrHbii 06sem KpoBu (MOK) — xonmdecTBO KDOBH,
[epeKaumBaeMoe cepaueM 3a ogHy MuHyTy. MOK BhIUMC-
nserca Kak npomssefenue YOK ma YCC. Jlnsa Bapocioro
YyeJ0BeKa NpUOIM3NTEILHO PaBeH 5 JI.

MOK = YVOK - YCC, rae YCC — dyacroTa CepAedHbIX
coKpalesuil (Iyasc).

Ha pucyHKe nokasaHa cxeMa JIETOYHBIX 00BEMOB 4eJio-
BeKa.




Obosnavenusa:

JKEJI — :xxusnennas eMxocts Jerkux; JI10 — nononsuTe nbHbIH
oGbeM Broxa; O — asrxarensHbId 06beM; PO — pesepBHbIil 06beM
Beigoxa; 00 — ocTaToOUHHIN 00BEM JIETKHX.

PaccMoTpuM IpUMep peIleHHs 3aJadH.
IIpeanono:xum, MeI 06caexyeM xeHIURY 30 Jet, ee pocT
165 cm, Bec 60 xr.

1) #KEJI = Pocm (cm) - 0,041 — Bospacm (aem) - 0,018 —
-2,68=165-0,041-30.0,018-2,68=6,765-0,45—
- 2,68 = 3,635 (x);

2)3KEJI = 10 + PO, + PO, = 500 + 1500 + 1500 =
=3500 My = 3,5 'm;

3) 3KEJL = Pocr - 20 =165 - 20 = 3300 mx = 3,3 1;

4) mo gapueM Tabsunel JKEJ = 3,7 x;

5) no Homorpamme JKEJI = 3,7 1.

6) MO =10 -9 =500-25=125 000 max=12,5 x.

7) YVOK = 90,97 + (0,54 - (CAIL - JAIT)) - (0,57 - TALl) -
- (0,61 - Bospact) = 90,97 + 0,54 - (120 - 80) -
-0,57.80-0,61 - 30 = 48,67 mux;

8) MOK = YOK - 9YCC = 48,67 - 70 = 3406,9 mn = 3,4 =.




OueHka npoNOPUHOHANLHOCTH Pa3BUTHA pebenxa

IIpu omenke ¢usuyecKoro pasBUTHA pebeHKa Heo6XO-
JAMO 3HATH €r0 POCT, MAacCy TeJja, IPONOPHUM DPa3sBUTHUSA
OTZEJILHBEIX YacTeil Teja.

Crenendb (pH3MYECKOr0 Pa3sBUTHUA 3aBHCHT KaK OT IeHe-
THYECKHX OCOOEHHOCTEeH, TaKk M OT CJOXHOIO KOMILJIEKCAa
COIMANILHBIX YCAOBHH. PasuualoT SHAOTEHHEIE M 3K30T€H-
Hble IpUIMHEL (paKTOpEI), BAMAIONIANE HA MACCy Teja, DOCT
U JpyT'He TMOKA3aTeNn yiKe Mocje POKIeHus.

IHjoreHHbIe IPUYNHEI HAXOAATCA B 3aBUCHMOCTH OT TOTO
BIMSIHKA, KOTOPOE OKA3LIBAIOT HA YBEJIMYMEHNEe POCTA U MACCHI
Tesla SHAOKPUHHEIE Xele3bl. B caMOoM paHHeM IepHofie 3TO
BINSHNE UCXOFUT U3 BUJIOUYKOBOH JKesesbl, ¢ KOHIIA [IEPBOTO
rojia JKU3HN — U3 MUTOBHUAHOM ejiessl U ¢ 3—4 JileT — u3
rupodusa. YpoBeHs 'OPMOHOB, YYACTBYIOIINX B IIpoIecce
pocTa, ¥ YYBCTBUTENLHOCTb TKaHE! K UX JeUCTBHIO oIpefe-
JAIOTCA reHoTUIIOM. ['OpMOHAMH, CIIOCOOCTBYIOIUMY POCTY,
ABJIAIOTCA: COMATOTPONHBI ropmoH runodusa (CTT), rop-
MOHEI ITATOBUAHOM »ene3nl ¥ nHcyAuH. CTT crumynupyer
XOHAPOTeHe3, a THPeOUAHEIe TOPMOHE! GOoJIbIE BINAIOT Ha
ocreoredes. Peanusanuy MHOrux 3¢dexToB ropmona pocra
CIIOCOGCTBYET KOMILIEKC MHCYJIMHONOZOOHBIX POCTOBBIX
¢daxropos 1, 2 u 3. Poxs CTT cpaBHHTeIBHO MaJO CKAa3HI-
BaeTcs Ha pocre peberka g0 2—3 JyerT M ocoGeHHO BaKHA C
3 mo 11 ner.

JK30reHHbIe PAKTOPHI — 3TO TE€ YCJIOBHS, B KOTOpHIE
pebeHOK momajaer mocie POKAEHNA. ITO Mpexae BCero mu-
raHue (mracTu4ecKuil u sHepreTudeckuii marepuai). Koau-
YeCTBEHHO ¥ KaYeCTBeHHO HeJOCTATOYHOe TUTAHNE B IEPBYIO
ouepeb TOPMOSHUT HapacTaHHe MAaccChl TeJa, a 3aTeM POCTa.

OnpeaelneHHY0 POJIb IPUIIUCHIBAIOT YIbTPAGHOJIETOBBIM
JIy4aM, B CBA3M C YeM HApacTaHMe Macchl Tejia ¥ POCTA HMeeT
ce30HHbIe KoaeGaduda. OTBOAUTCA TaKKe HEKOTOPas pPOJIb
KJIMMaTUYeCKUM Hu Teorpabmueckum yciosuam. Ha pocr
pefeHKa BIMUAIOT ABHKEHWUS, KOTOPHIE YBEIHYMBAIOT POCT
KocTeil, YCHIHNBAlT 00OMEH BellleCTB.

DusnyecKoe PasBUTHE CIYXKUT IOKasaTeneM QyHKIHO-
HaJBHOI 3pelocTu opraHuaMa. 3Aech PACCMOTPEHB! TOINLKO
YHCJICHHBIE MOKAa3aTeNn 6e3 yuera cTaTudecKuxX QyHKIUIA,
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MOJIOYHOTO NPOPe3bIBAHUA 3yGOB, HEPBHO-ICHXUYECKOTO
pasBUTHSA.

Poct pebexka

HauGonee crabunsHbIM NOKas3aTenreM DUIMIECKOTO pas-
BUTHS ABJAETCA pocT pebenra. OH onpeesnser aGCONIOTHYIO
AJIMHY TeJIa ¥ COOTBETCTBEHHO 3TOMY YBeJIHUYeHNe pasMepoB
Tesa, pasBuTHe, co3ffeBaHue ero OPraHoB U cucTeM, (HOpMHU-
poBanue GyHKUMN B TOT UJIH WHON NepHOJd BpeMeHH.

Ha npors:xeHunn Bceit Ku3HuM pebeHKa IIpomecc pocTa
IpOTeKaeT HepaBHOMEPHO, TO YCUIHMBAACH, TO 3aMeAIAICE.
OmeHKY aHTpONOMETPHYECKUX IOKasaTeNeld IpPOU3BOXAT
IpPEeUMYINEeCTBeHHO ABYMS cIocobaMu: MapaMeTpU4ecKuM,
WU CUIMAJNBbHBIM, ¥ HEIapaMeTPHUYeCKUM — IIeHTHUIBLHEIM.
[TapameTpugeckas HIKAIA BKJIKYAET B ceGd cpeqHIO0 apud-
METHYECKYIO («HOPMY») U OTKJIOHEHUs OT Hee, U3MepseMble
BeJIMYUHON CHUIMBI (CpefHero KBajpaTHYECKOro OTKJIOHE-
HuA). leHTHABHBIE TaGAMILI IOKA3EIBAIOT KOJIHUECTBEHHEIE
TPaHUIEI MPU3HAKA Y OIpeJeIeHHOH JOJH WIM HPOIEHTA
(zmenTHIA) AeTell ZaHHOTO BO3PACTA M [0JA. 3a HOpMAaJIbHEIE
BeJIMYNHBl IPUHATHI 3HaYeHUA B UHTEepBajdax 25-ro, 50-ro,
75-ro meHTHIA (JKeJaTeILHO OUeHNBATD 00 50-My IeHTHIIIO).

Tabauua o4 OUeHKH AJWHEI Tela MAJIFUYHKOR
012 mecaues ’

IerTiin

Bospacr 3 10 25 50 75 90 97
(mec.)

IleATUNBHEIE HETEPRAIH
2 3 4 5 6 7 8
46,5 48,0 49,8 51,3 52,3 53,56 55,0

49,5 51,2 52,7 54,5 55,6 56,5 57,3

52,6 53,8 55,3 57,3 58,2 59,4 60,9
55,3 56,5 58,1 60,0 60,9 |62,0 63,8
57,5 58,7 60,6 62,0 63,1 64,5 66,3
59,9 61,1 62,3 64,3 65,6 67,0 68,9
61,7 63,0 64,8 66,1 67,7 69,0 71,2

63,8 65,1 66,3 68,0 69,8 71,1 78,5
65,5 66,8 68,1 70,0 71,3 73,1 75,3

ol lwiv]=]lo]~




Oxonvanue

Bospacr 3 10 25 50 75 90 97
(mec.)
9 67,3 68,2 69,8 71,3 73,1 75,1 77,2
10 68,8 69,1 71,2 73,0 75,1 76,9 78,8
11 70,1 71,3 72,6 74,3 76,2 78,0 80,3
12 71,2 72,3 74,0 75,5 77,3 79,7 81,7

Tabauua AJA OUeHKH NJIMHLI Tejia JeBOYeK
0—12 mecanes

Hegruan

Boapacr | 3 10 25 50 75 90 97
(mec.)

IleBTHIBERIE HETEPBAEL
1 2 3 4 5 6 7 8
0 45,8 47,5 49,8 50,7 52,0 53,1 53,9
1 48,5 50,3 52,1 53,5 55,0 56,1 57,3
2 51,2 53,3 55,2 56,8 58,0 59,3 60,6
3 54,0 56,2 57,6 59,3 60,7 61,8 63,6
4 56,7 58,4 60,0 61,2 62,8 64,0 65,7
5 59,1 60,8 62,0 63,8 65,1 66,6 68,0
6 60,8 62,56 64,1 65,5 67,1 68,8 70,0
7 62,7 64,1 65,9 67,5 69,2 70,4 71,9
8 64,5 66,0 67,5 69,0 70,5 72,5 73,7
9 66,0 67,5 69,1 70,2 72,0 74,1 75,5
10 67,5 69,0 70,3 71,9 73,2 75,3 76,8
11 68,9 70,1 71,5 73,0 74,7 76,5 78,1
12 70,1 71,4 72,8 74,1 75,8 78,0 79,6

Hanbosanpinas sHeprus pocra IPHXOAUTCA Ha NEPBYIO
JeTBEePTh I'Ofa. ¥ JAOHOIUIEHHBEIX HOBOPOMKIAEHHBIX DPOCT
Konebierca or 46 a0 60 cm. B cpegHem — 48—52 cM, HO
alaNTHBHBIMY MOKA3ATENAMM pocTa cauTalores — 50—52 cm.
910 03HaYaeT, YTO AJAHTAIMA BO BHYTPHYTPOOHOM IepHOxe
IPOM30IILTa He TOJILKO Ha OPraHu3MeHHOM YPOBHE, HO M Ha
YpPOBHE OPraHHOM ¥ (QepMeHTATHBHOM.

3a neperlil rof pebeHox npubaBaseT B pocTe B CpeAHEM
25 ¢M, TaK YTO K T'OAY €ro pocT COCTABISET B cpefHeM 75—
76 cm. IIpu npasuibHOM pPasBUTHH pefeHKa MecadHAS
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npubaBKa pocTa MOKeT Koyebarhcs B mpefenax + 1 cm,
OfHAKO K 6 MecAmaM M K rofy sTe KojgebaHus pocra He
JOJIMKHBI IIPEBBINIATL 1 cM.

IIpn6aBka pocTa M MACCHI Tesla y JeTeil IePBOro roga KU3HM

1 IIpnbasxa Mecaunasa IIpubaeka
B pubdaska 6
03pacr, 0CTa 38 pocTa 3a npu6aBka MAaccHl Teaa
Mec. P HCcTeKWu#t | Macce! Tema, | 3a ucreximmit
Mecdll, ¢M
IIepHoZ, CM r nnepuof, T
1 3 s 3 600 600
2 3 6 800 1400
3 2,5 8,5 800 2200
4 2,5 11 750 2950
5 2 13 700 3650
6 2 15 650 4300
7 2 17 600 4900
8 2 19 550 5450
9 1,5 20, 5 500 5950
10 1,5 22 450 6400
11 1,5 23,5 400 6800
12 1,5 25 350 7150

Poct oTpaxaer 0COGEHHOCTH IIACTHYECKHUX IIPOLIECCOB,
NPOTEKaIoIMX B opraHusMe dejoBeKa. OTCIOfa BasKHOCTH
Ka4yeCTBEHHOI0 IIUTAaHUHA, 0COGEHHO COMEepXaHUA B HEM JO-
CTaTOYHOTO KOJINYecTBa cO0AIaHCMPOBAHHOIO NIOJHOMEHHOr0
GeKOBOro KOMIIOHEHTA X BUTAMMHOB I'PYINHL B, a Taxxe A,
D, E. BesyciosHo, «B0JIOTHIM CTAHAAPTOM» ONTHMAILHOIO
NUTAaHUA A JeTel A0 1-T0o rofa ABIAETCA XKeHCKOe MOJIOKO.
HeduuuT HEKOTOPHIX MUIIEBLIX KOMIIOHEHTOB U36HpaTeIBHO
HapymiaeT Impoueccsl pocra y gereil. K HuUM oTHocsaTca Bu-
TaMUH A, OUHK, iog. OTcTaBaHme B POCTe MOTYT BBLISHIBATD
pasJInyYHble XPOHUYECKHe 3a60IeBaHUsA.

Hsmepennsa pocra peGeHKa Ha NMEpBOM TOAY KMSHHU
IIPOM3BOJAT HA TOPH3OHTANBHOM pocToMepe. M3MepeHus
NPOM3BOAAT [Ba UelOBeka. M3MepAmwmuil HaXoXUTCA ¢
IpaBoil CTOPOHH! peGeHKa. IIOMOIIHNK yAepKUBaeT TOJOBY
peGeHKa B TOPM3OHTAJILHOM MOJIOMKEHHH, UTOOBI BepPXHUI
Kpail KO3eIKa yXa ¥ HUXKHUI Kpail TIasHUIE! HAaXOAMINCH
B OJHOH IIJIOCKOCTH, NepHeHAMKYIAPHON JOCKe pocToMepa.
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Bepxyineunas 4acTh TOJIOBEI HOJI:XKHA IPHKACATLCA K Bep-
THKANBHOH HeNOABMXHOU nianke. Pyku peGeHKa BbITA-
HYTBHI BAOJL Tena. M3MepAoOIuil JerkuM HaJaBIUBaHHEM
Ha KoJeHH pebeHKa JIeBOM PYKOH YIAEp:KHBaeT ero HOrU B
BBIIPAMJIEHHOM IIONOXKEHHHU, a NPaBofd PYKOIl MOABUraer
NOABMIKHYI0 ILTAHKY POCTOMEpPa WJIOTHO K ITOJOIIBEHHOM
CTOPOHE CTOI, COTHYTHIX IOJ IMPAMEIM yIJOM.

3a BTOpOI TOA XKU3HY PeGeHOK BrIpacTeT Ha 12—13 cM,
sa Tperuit — 7—8 cm.

IIpu npaBHIBLHOM pasBUTHU pebeHKa MpHUOaBKa AJIHMHEI
TeIa 33 Mecsl MOKeT Kojebarecs ot +1 so —1 cM. 3a BTOpo#
rox mpubaska JJIUHEL Teja cocTasnser 11-12 cm, 3a TpeTnit
roJ JKUSHE — 8 CM, 3a 4eTBepThIil — 6 cM. K ueTnipem rogam
poct peberxa mocturaer 100 cm.

B manpmeitmem (zo 10 meT) g5 onpenesieHus Npr6aBKY
JUTHHBI TeJa MOYKHO I10JIb30BaThCA (OpPMyJOi: JIWHA Tela
pebenka P = 100 cm + 6 (I — 4), rae II — uucxo jer, 6 — ,
CpefHAA exeroAuad npubaBKa AJWHE Tena, cM. HauGosee
MHTEHCHBHBIA pocT Habmwojaercs B 5—7 JeT M B IEPHOX
HAYaJa M0JIOBOTO CO3PEBAHMUA.

Macca Tena pebeHka

B orimume oT pocTa Macca Tesa ABAAETCH AOBOJIbLHO
NaOWILHBIM MOKa3aTelleM, KOTOPBIHA CPaBHUTEIHHO OBICTPO
pearupyer u U3MEHAETCA IIOJ BIUAHUEM CaMbIX Pa3IMIHBIX
npuunH. Oco6eHHO WHTeHCHBHO NpubaBKa B Macce Teja
NPOMCXOAUT B IIEPBYI0 UeTBePTH roga. Macca Tesa JoHO-
ILIeHHEIX HOBOPOXKAEHHEIX Kosxebaercs ot 2600 g0 4000 r
B cpeaHeM pasHa 3-3,5 kr. OfHaK0 ajanTHBHAA Macca Tesa
cocraBiasfer 3250-3650 r. B mopme y GoNbIIMHCTBA AeTel
K 3-5-My AHIO XKH3HH OTMedaeTcd «GU3HOJOrUYecKas»
y6bBLTE B Macce 10 5% . 910 o0bAcHsAeTca Oobleil moTepeit
BOJBI IIPY HEJOCTATOUYHOM KOJIHYeCcTBe MoJoka. BoccTaHoB-
JNeHre PU3NONAOrUYeCKOol ImoTepy Macchl Tella IPOHCXOAHT
MaKCHUMYM K 2 HeJeJsM.

JlnaaMuKa Macchl Tesla XapakTepusyercs 6obiuell npu-
6aBKoOI B nepBhIe 6 MecsIeB KU3HU ¥ MeHbIIEH K KOHILY Iep-
Boro roga. Macca Tena peGenka K 4,5 Mecana yaiBauBaeTcs,
K I'ofly YTDPauBaeTcs, HeCMOTPS Ha TO, YTO 3TOT NOKa3aTelhb

81 '




MOKeT U3MEHATHCA U 3aBUCHUT OT IUTAHUA, HePEHECEHHbIX
3aGomeBanuil M T.A. DHeprus HAPaCTaHMS MAacchl Tela c
KaXABIM MeCAIleM KU3HU HOoCTeNeHHo ocinabenaer.

Jl1s onpeseteHMst Macchl TeJla B BO3pacTe KO rOja erqme
HCIONB30BaThL TabAULy.

Hcxomsa w3 pamHOH Tabnuumel nmpubaBKy Macchl Tesa
pefeHKa 3a KaXKAbIA HOCHeAYIOIIMH MeCAN MKU3HE MOXKHO
PaccYUTaTh, BHUMTAS M3 HPUGABKH HPEALIAVIIETO Mecsana
(2o TombKO mocne 3-ro Mecaua) 50 v, uam mo Qopmyie
X =800 -58 + n, rae 50 — pebeHOK NmpuGaBigeT B Macce
Tesia Ha 50 r MeHbIIe 33 KAXKABIH TOCHEAYIOMMIT MeCsI] KU3-

HY TIOCJIe 3-TO MeCANa; 2 — UYHCJIO MeCANeR KU3HY pefeHKa |
muHyc Tpu. Hanpuwmep, 3a gecATsI# Mecsan sKU3HA peGeHOK

npubasaser B Macce 800 - (50 + 7) = 450 r.
CymecTByeT U Apyroe MHeHHe, YTO CPEAHAN €3KEeMeCTd-
Has upubaBKa B Macce Tejia B IepBOM IOJYTOAHH KU3HU

cocrasiser 800 r, Bo Bropom — 400 r. OxHaKo cienyer

HOAYEPKHYTE, UTO pacuyeT IO NaHHLIM, HDUBEJCHHLIM B
Tabuune, cUUTaeTCa NpeANOuTHTeNbHee ((UsHoIOruyHee).

HaHHBIe II0 OIEHKEe MACCHI TeJIa OTHOCHUTEILHO pocTa (J.IJIHH& .

Teja) A MAJbYMKOB U eBOYEK B IEeHTHIIBHBIX HHTePBAIax
NnpHBeJeHE B TaOIUIAX.

B cpeanem K ogHOMy roay Macca Teina peGeHKa paBHa
10-10,5 xr. Hapacranue Macchl Tejla y TPYAHBIX XeTeli He
BCerja OTIMYaeTCA TAKON 3aKOHOMEPHOCTHIO. 3TO 3aBUCHUT
OT MHAMBUAYAILHLIX ocobeHHOCTEH pebeHKa U Uenoro psaja
BHeIIHUX GaxkTopoB. et ¢ mepBOHAYANLHON MaOiT Maccoit
TeJla JAIOT OTHOCHTENILHO GOJbIINe e3KeMeCAIHble IPUGaBKHA
MAaCCHI, I OHA YABANBAETCA M YTPAMBAETCS DaHbIE, HEM y
Zereit Gonee KPYNHEIX. [leTH, HAXOAAI[MECH HA HCKYCCTBEH-
HOM BCKapMJIMBAHMH CPa3y IIOCJE POKACHUS, yABAMBAIOT
CBOIO MAacCy TeJsia MPNOIMSUTEIHHO HA MeCsI, I03aHee AeTelt,
HaXOAAIIUXCA HA eCTeCTBEHHOM BCKapMiauBaHuH. Macca
Tena — nabuibHbIH HOKasaTeslb, 0COGEHHO v peGeHKa paH-
Hero BO3pAacTa, ¥ MOMKET MEHATHCS I0J BAUAHHEM pasiind-
HBIX YCJIOBHY MHOTZA B TedeHuWe AHs. [losromy macca Tena
ABJIAETCA NOKA3aTeNleM TEeKYIIEro COCTOAHUS OPraHu3Ma B
OTJINYHE OT POCTA, KOTOPHIIl He cpasy U3MeHAeTCs IOJ BIH-
AHUEM Da3IINYHBEIX YCJAOBHI U ABIAeTCA Gojee NOCTOAHHBIM
¥ YCTOMINBHIM NOKasaTeneMm. OTKJOHeHHe MAaCCHl TeJa OT
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nopMmsi o 10% He cunTaeTcsA MATONOTHEH, OTHAKO JETCKHil
Bpay AOMKeH aHAIU3UPOBATh 3Ty MOTEpIo.

Ilanee npeAcTaBaeHBl HeHTANLHBIE TAOTHIBI JJIA OLEHKH
maccul Tena peGeHKa.

TaGauua AXg OIeHKH MAcchl Teja (Kr) o AJHHE Teja

(MaJIBYHKH)
Henrran
e 10 |25 50 |75 g0 o7
(B cM)
IlenTHIbHEBIE HHTEPBAJIEI
1 2 3 4 5 6 7 8
50 27 129 [3.1 34 |37 39 [4,1
b1 28 [30 |33 36 |39 41 4,3
b2 30 |32 [85 38 |41 4,3 |45
53 3,2 |34 |36 40 |43 45 |48
54 3,3 135 |38 4,2 |45 48 |50 '
b5 34 [37 |40 43 |4,7 50 |53
06 3,6 139 |42 46 |49 53 |56
67 38 |41 |44 48 |52 56 |59
58 4,0 |43 [47 51 |55 59 16,3
59 4,3 |46 |50 54 |58 6.2 |66
60 4,6 4,9 |53 57 |61 66 |70
61 48 |52 |56 6,0 |64 69 |7.3
62 51 |55 |59 63 |68 7.3 |77
63 54 |58 |62 66 7.1 7.6 |81
o4 57 |61 |65 69 [74 |79 |85
5 60 |64 |68 7.2 |77 83 |88
66 62 166 |70 75 |80 86 |91
67 65 |69 |73 78 |83 89 |94
68 67 (71 |76 8,0 |86 9,2 |97
69 70 |73 |7.8 83 |88 94 |10,0
70 7.2 |76 |80 8,6 |91 9,7 |10,3
71 74 |78 |83 88 |93 10,0 10,5
72 76 |81 |85 9,0 |96 10,3 | 10,8
73 7.8 |83 |88 93 |99 10,5 | 11,0
74 81 |85 |90 9,5 |10,1 10,7 | 11,3
75 , 83 lss [92 97 l103 [11,0 {116
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Okxonuanue

3 10 25 50 75 90 97

8,5 9,0 9.4 10,0 10,6 11,2 11,8
8,8 9,2 9,6 10,2 10,8 11,4 12,0
9,0 9.4 9,8 10,4 11,1 11,7 12,3
9,2 9,6 10,1 10,7 11,3 11,9 12,5
9,4 9,8 10,3 10,9 11,5 12,2 12,7
9,6 10,0 | 10,5 11,1 11,8 12,4 12,9

TaGauna g5 omeHKH Macchl Teqa (Kr) o QJIMHE Teaa
(meBouxn)

IerTnin

Jnura Tesa 25 50
(B cM)

CHTUJIbHLIE HHTEPRAIhL

4 5 6

3,0 3,3 3,5
3,1 3,5 3,7
3,3 3,6 3,8
3,5 3,8 4,1
3,7 4,0 4,3
3,9 4,2
4,1 44 4,8
4,3 4,7 5,0
4,6 4,9 5,3
4,8 5,2
5.1 5,5
5,3 5,8
5,6 6,0
5,9 6,3
6,2 6,6
6,5 6,9
6.8 7,2
7,1 7,5
7,4 7.8
7.6 8,1
7,9 8,4
8,1 8,7
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OkonuaHue

flnuma rena | g 10 25 50 75 90 97
(B cM)
72 7.5 7.9 83 |89 9.5 10,0 | 10,6
73 7.7 8.2 8,6 |91 9,7 10,2 | 10,8
n 7.9 8,4 88 |93 9,9 104 |11,0
75 8,2 8,6 9,1 |96 102|106 [11,2
76 8.4 8,8 93 |98 104 [108 11,4
7 8,6 9,0 95 |100 |106 [11,1 |11,6
78 8,8 9,2 97 |102 108 11,3 |11,
79 8,9 9,4 99 |104 [11,0 |115 [120
80 9.1 9.6 100 |106 |11,2 |17 122
81 9,3 9.8 102 |108 11,4 |11,8 |124

Macca Teia — 3TO JaOHILHEIN IOKA3ATENH, KOTOPBIH
MOXKeT U3MEHATHCS HOJ BANSHHEM KOHCTATYIHOHANBHBIX
ocoGeHHOCTEH, HepBHO-3HAOKPHMHHBEIX UM COMATHYECKHUX
HADYIIEHH; OH TAK’Ke 3aBHCHUT OT JK30I'€HHBIX HOPUYMH
(nuranue, pexxum). HanGosree nHTEeHCUBHAA IpUbaBKAa Mac-
cbl Teqia pebeHKA oTMedYaeTcsa Ha IIEPBOM rOAY >KH3HH M B
nybepTaTHOM Iepuoje.

Cpesnsasa Macca Teja HOBODOXXKIEHHBIX MaJbiMKOB
3494 r, nesouex — 3348 r. Macca Tena pebenka K 4—4,5
MecAna yABaMBaeTcd, K roJy yrpauBaercsa. B nepsrlit Mecan
»u3HU pebGeHok npubasaser 600 r, Bo Bropoil ¥ TpeTHii —
no 800 r. Hopmy npuGaBxu Mmacchl Tesia pebeHka mocie
TPeThEro Mecsala 3a KaXXAbIH MOCAEYIONIHI Mecdll JKIU3HN
MOKHO PACCUMTATH, BEIUMTAA OT NPHUOABKM NPEABIAYIIETrO
mecsana 50 r, nau no ¢hopmyne

X=800-50 - (n-3),
rae X — oxkupaeMas exxeMecsgHad npubaBKa MacChl TeJa,
n — YHCJIO MeCAIEB.

TeMn yBeauUeHUs MACCH TeJIa ¥ AeTell ocie roja ocaa-
6eBaeT U B CpefjHeM COCTABJISET 2 KT eKeTOJHO.

OxxunaeMyio Maccy Tela peGerka g0 10 ser MmoxxHO pac-
| CYHTATE IO popMyJIe
| P =macca Tena peberka B 1 rog + 2 kr » (n — 1),

rae P — oxkupaemass Mmacca, 1 — 9HCIO JeT.
Maccy Tena peGenka crapire 10 JeT MOXHO OIIpeie/INTh
¢ nomoinbio gopmyasl . M. Bopornmosa:
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Macca rena gereit crapure 10 ger =
= Bospacr ¢ 3 + nocnegHas nudpa yucia Jer.

NponopunoHanbHOCTL pa3BuTia pebenka

IIpu omenke (pu3uYeckoro pasBuTHsi peGeHKa He0O-
XOAMMO 3HATH IPABMJIBHOE COOTHOIIEHHE MEKIY Maccoil
Tesa u pocroM. Ilox maccopoctoBeiM mokasaTteinem (MPII)
[IOHMMAeTCs OTHONIGHME MAacCHl K POCTy, T.e. KaKad Macca
npuxoauTca Ha ¥cM xiuHs Tena. B HopMe y HOBOpOKJeH-
ueix (MPII) cocrasaser 60—75 r.

Kpome pocra u Macchl Teja, A OLUEHKU (PU3UIECKOTOo
PasBUTHUSA UMEIOT 3HAUEHNE NPABMJIbHEBIE IPONOPIUH Teja.
HaBecTHO, YTO OKPYKHOCTh I'PYAHM Y AOHOIIEHHBIX MEHBIIe-
OKPY’KHOCTH TOJIOBH TIpY pokAeHNN. OKPYKHOCTH T'OJOBBI
y JOHOUICHHBIX Herel KoyebieTcd B JOCTATOUHO IMIMPOKHX
npegenax — ot 33,5 10 37,5 cM, B cpegaeM paeHa 35 cm. Ilpu
amanuae 3>TUX MUGPOBEIX MOKasaTeNeil ciaeqyeT yIUTHIBATh
poCT U Maccy Tesia pefeHKa, a TaKKe COOTHOIIeHHUe OKPYIK-
HOCTH T'OJIOBEI ¢ OKPY2KHOCTBIO IpyAHOH KaeTku. IIpu cpas-
HeHUH CJeAyeT YIHUTBIBATH, YTO HPY POXKAEHUHU I'OJIOBa He
JIOJI’KHA MPEeBBIIIATh OKPYKHOCTS TPYAHOI KIeTKH OonbIie,
yeM Ha 2 cM. B ganpHeliemM Heo6X0AMMO ODUEHTHPOBATHCA
Ha TeMII IPUpOCTa OKPYKHOCTH I'OJIoBEL. B mepsrie 3—5 Me-
canes exeMmecsunad npubaska papHa 1,0—1,5 cM, a 3areM
0,5—0,7 cm. K rogy OKpy’XKHOCTE I'OJIOBBI yBeTUYUBaeTCH Ha
10—12 cm u gocruraer 46—47—48 cm (B cpegaem 47 cMm).

Y peGeHKa, pOAUBLIETOCS C AJANITUBHLIMY TIOKA3aTEIAMM
poCTa ¥ Macchl Tesla, OKPYKHOCTb TOJIOBEI COCTABIIAET OKOJIO
36 cM. 3a mepBble 3 MecAIa KU3HHU OKPYKHOCTH I'GJIOBBHI
JOJIKHA «BBIpacTH» Ha 4 cMm (T.e. B 3 Mecsana — 40 cm). 3a
nociaenyomye 3 MecsaIa OKPY:KHOCTD I'OJIOBbI YBeJINYHBAET-
cd ellie Ha 3 CM M CcTaHOBHUTCA K 6 MecsmaM paBHoi 43 cM,
a K rogy 46—48 cm. Pasmephl 00JBIIOr0 POFHUYKA IIPH
POMKeHNH He AOJKHEI OpeBslmarth 2,5 X 3 cM, 3 x 3 cM.

OKpYKHOCTh ['0JIOBBI M3MEPSIOT IPH IOJOKEeHWHU caH-
THUMEeTPOBOI JIeHTEI C3aM Ha YPOBHE 3aTHIJIOYHOrO 6yrpa, a
crepeRu — Hajx GpoBAMH.

s xapaxkTepHCTHKHM (U3NIECKOT0 Pa3BUTUA pelGeHKa
60JBIIOE 3HAUEHHME HMEeT MpPaBHJBHAS OLEHKA 0cOGeHHO-
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cTell ero rpyAHOH KJETKH, TaK KaK KU3HeJeATeIbHOCTh
BHYTPEHHUX OPraHOB BO MHOIOM 3aBHCHT OT ()OPMEI H
pasMepos nocneaHeii. Hapacranue OKpysKHOCTH I'DYAHOM
KJleTKH HanGoJlee MHTEHCHBHO IPOMCXORNT Ha IIEPBOM TOXY
MUBHU, 0COGEHHO B NepBhie 6 Mecsnes. '

Y HOBODOXAEHHOIO OKPYKHOCTH I'DYAHOH KJIETKH CO-
craBaser 33—35 cMm. Exxemecaynas npubaBKa Ha IIepBOM
rogy XHW3HH COCTaBJAeT B cpegHeM 1,5—2 cM B Mecdmn.
K romy OKpy:XHOCTH IPYyZHOH KJIETKH yBeIMYMBAETCI HA
15—20 cm, mocne wero sHepruA HapacTaHUA NAJaeT U
OKPYXKHOCTE FPYAHON KJETKHU B CPEJHEM VBeJIUYHBAETCI K
AIOIIKOJIBHOMY BO3DAaCTy Ha 3 CM, a B JOIIKOJLHOM — Ha
1-2 cM B rog.

Jns MEANBHAYANBHON ONEHKU QU3NIECKOro PasBUTHSA
pebeHKa Ba)XXHO 3HATH NEPHOALI HEPEKPECTa OKPYKHOCTH
rOJIOBH M I'PYAHOM KJIETKH. ¥ 3JOPOBBIX feTell 3TOT mepe-
KpecT IPOMCXOAUT NPUGIN3UTENRHO B 3—4 MecAla, a Jerei,
Y KOTOPHIX B 5—7 MecAIes He HACTYNWUJ IePEKPECT, HYKHO
6paTh Ha yJeT ¥ aHAJIM3NPOBATE Y HUX AUHAMMKY Pa3BUTHA
rpyAHOI KIeTKH 1 ronosH. Bonee pannuil nepexpecr Moxer
CBH/IETEILCTBOBATH O pa3BUBawOmIeiica MuKponedanuu, mo-
ITOMY HeoOXO0AMMO CIeUTE 33 CPOKAMH 3aKPEITHSA GOJIBIIOTO
pogunuKa. BosbImolt pogHHYOK ZOMKEH 3apacTaTh K KOHIY
nepsoro roja y 80% pgereit, y ocradpHEIX fereii — kK 1,5
rogaMm. Ilepennesanuuii pasmep rpyAHOM KIeTKH Y GOJBITHH-
CTBa JOHOIIEHHBIX HOBOPOKAECHHBIX MEHBIIIE IIOIIEPEYHOrO
AMaMeTpa WM paBeH eMy. Y’Ke B TeueHHMe IIepBOTO roja
JKU3HU IONEpeYHEIH JuaMeTp HaUHAeT IPEeBATMPOBATE HALK
nepepHe3aHUM, ¥ GopMa rPpyaHOI KNETKH YILIOMIAETCH.

Ilpu poxaeHHM OKPY:KHOCTEL IOJOBH ¥ AOHOIIEHHBIX
nereit 33—37,5 cM, OHA He JOJKHA NPEBLIIATH OKPYKHOCTh
rpynHOM KieTkmu Gosbmie ueM Ha 1-2 cm. B mepsple 3—
) MecAnes exxeMecayHaa npubaska coctasaser 1—1,5 cm, a
sarem 0,5—0,7 cM B Mecan.

K roay okpysmHOCTH rojIoBel yBenmumBaeTca Ha 10—
12 cm u nocturaer 46—48 cMm. OKpyKHOCTE I'OTOBEI pebeHKa
» BospacTe 1-3 Jyer yBenmuusaercsa Ha 1 cm B roa. C 4 et
OKDY>KHOCTB T'OJIOBHL €KEroJHO yBeamuyusaerca Ha 0,5 cM.
K 6 romam ona pasHa 50—51 cM, a 3a Bce mHocJegyIoIIHe
roxsl yBeJvauBaerca Ha 5—6 cm.
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OKpYXHOCTH I'DYAHOM KJIETKH Y HOBOPOMKIEHHLIX 33—
35 cm. Exxemecsiunasa npu6aBKa Ha ITEPBOM T'OAY XKHU3HH CO-
craBiseT B cpegHeM 1,5—2 c¢m. K rogy oKpy:KHOCTD IPYAHOM
KJIeTKH yBeauuuBaeTrca Ha 15—20 cm, 3aTeM MHTEHCHMBHOCTS
HapacTaHUs 3TOrO MOKA3aTeNd CHMIKAETCH, M K AOIIKOJb-
HOMY BO3PACTY OKDPY KHOCTH I'DYAHOM KJETKH B CpeJHeM
yBenw4uBaeTca Ha 3 CM, a B IIKOJBHOM — Ha 1—2 cM B
roz. IlepenguesagHuii pasMep IPyAHON KIETKH y GOJBLIINH-
CTBA JOHOUIEHHLIX HOBOPOKAZEHHBLIX MEHBIIE IIOIePEeYHOro
pasMepa niau paﬁeH eMy. YiKe B KOHIIE [IEPBOI0 roJa XU3HH
HoNepeYHbId pa3Mep HAUMHAET IPEBLIIIATE epe He3a Hul
u ¢opMa IpyAHOU KJIETKH HAYWHAET HPUOIHMKATHLCA K KOH-
¢urypanuu B3pocioro, T. e. ymowaercsa. g omeHKy mpo-
MOPIMOHAJILHOCTH PAa3BUTHA PeOeHKA MOXKHO UCIOJIb30BATh
HEKOTOPble aHTPOIIOMETPUYECKHE NHIEKChl. AHTPOIIOMETPHUA
(OT «aHTpPOIO» U «MeTpus») — B AHTPONOJOTUH CHCTEMA
U3MepeHni# JeJOBEeYeCKOro TeJia U ero dacreii.

Napexc Yynaunkoit: 3 oKpyKHOCTH IIIeda + OKPYIKHOCTDL
Oenpa + OKDYKHOCTH rojieHM — JJHHA Tela y jJeTedl 1o
1 roga paBuserca 25—20 e¢M, a B 2—3 roga — 20 cMm, B 6—
7 ner — 15—10 cMm.

Hapexc OpucMaHa: OKPYKHOCTE IPYAHOM KJIETKH IIpe-
BHIIIIAET IOJIypocT y Aereitr Ao 1 roxga Ha 13,5—10 cm, B 2—
3 roga — Ha 9-6 cM, B 6—7 mer — Ha 4—-2 cM, B 8—
10 xer — Gosbrre Ha 1 ¢M MM MeHbIE Ha 3 CM.

WHANBUAYATBHYI0O OLEHKY (U3HUUYECKOro pasBUTHUA
IPOBOAAT IIYTEM COIOCTABJEHMA AHTPOIOMETPUMECKUX
IoKasaTeJsieil pe0eHKa ¢ HOpMATHBAMHY M CTAHZADTAMH, Pas3-
pabOTAHHBIMY CIIELMATBHO JJIA JAHHOI'O PErHOHA C YIETOM
3THUYECKOI IPUHALJIEKHOCTH pebeHKa 1 KJiuMaroreorpadu-
YeCKHUX YCJIOBHI NposkuBauus. Takue HOpMaTHUBLI paspabo-
TaHbI JJIA HEeHTPAJIbHEIX U MHOTHX APYTHX PETHMOHOB CTPAHEI
¢ IpUMeHEeHUeM NIapaMeTPUYeCKHX M HelapaMeTPHYeCKHX
MeTOZOB MaTeMaTUYeCKOT0 aHAJN3a C IMOCJIeAYIOIIHUM pac-
gyeroMm Ha 9BM. C momoinsio mpeajaraeMbsIX HOPMATHBOB
omeHKa MOppoPYHKIMOHAILHOIO PasBUTHUS JeTeld MOoMKeT
OBITE ClleTaHA CUTMAJBHBIM, PETPECCUOHHBIM MM IIeHTUI-
HBIM MeTofoM. TaGiuusl perpeccuu, HAIPUMeED, IO3BOJITIOT
NIPaBUJIBHO OLEHUTH HE TOJHKO COOTBETCTBHE QU3NYECKOr0
Pa3BUTUSA BO3PACTY, HO ¥ IPOTIOPIHOHAIBHOCTE (PH3UUECKOro
pPa3BUTHS Yy JeTeld OZHOTO BO3PACTa ¢ Pa3NIUYHBIM POCTOM.
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IIpencraBieHHbIe B BHJE COMATOrPAMM Ta0JHIIBl DErpeccry
NOMOraT OBICTPO U ¢ ZOCTATOYHOM TOYHOCTHIO CONOCTABUTH
ypoBeHb (GUM3UYECKOro PasBUTHUA JeTed ¢ X KaJeHJapHBIM
BO3PACTOM, UTO YAOOHO IIPM MACCOBRIX IPOPHIAKTHUECKUX
obciiefoOBaHUAX B AOIIKOJLHBIX AETCKUX YUPEKIEHHUAX U
B LIKoJaX. PaspaboraHbl M equubie Tabaunbl oneHKH ¢u-
3UYeCKOr0 PasBUTUA, OpHeMIeMble Ha J000H TeppUTOPUHU
CTpaHEI, IPUHUMAS BO BHUMAaHMe 9THNYECKYIO IIDUHAIJIEHK-
HOCTH M MECTO IPOKUBAHUA (FOPOX, CEILCKAd MECTHOCTE).

B ocHOBY noCTpoeHUS TAKUX eAHHBIX AJIA BCeX PErNOHOB
TabJIuIl I0M0KeHa YHABEPCANbHAS YCTOMYNBOCTH COOTHOIIIE-
HUM Macchl Tejia U pOCTa, OKPYKHOCTH TPYAHOHN KJETKH U
pocra. BerrumHSBI 3THX COOTHOLIEHUH Y MAJILUYUKOB U AEBO-
4eK OJM3KH HE3aBUCHMO OT 3STHUYECKOH IPUHAAJIEKHOCTH U
B 3HAYWTENHHO 00JbIIEH CTEeHU 3aBUCAT OT JJIUVHEI TeJa,
YeM OT [TacIOPTHOT'O BO3PAacTa.

ITIapameTps! oueAxH GH3UYECKOr0 Pa3BUTHS TeTel
B Bo3pacte 1—-11 mer

' OKpyXKHOCTb IPYRHOH KJIETKH,
HOnuna Macca Tena, cM (M + a)
Tesa, CM kr (M + a)

‘ Manpuurn HeBouku
75 9,2-11,5 46,9-51,1 45,8-50,0
80 10,0-12,2 47,9-52,0 46,7-51,0
85 10,7-13,1 48,8-53,0 47,7-51,9
90 12,1-14,4 49,7-54,2 48,6—52,9
95 13,3-15,8 50,6—55,2 49,5-53,9
100 14,3-17,1 51,8-56,3 50,6—55,1
105 15,8—18,6 53,0-57,8 51,8-56,7
110 17,2-20,1 54,5-59,0 52,8-58,1
115 18,8-21,7 55,7-60,6 54,1-59,6
120 20,5—-24,2 57,3-62,4 55,4-61,1
125 22,4-26,8 58,9—-64,3 56,8-62,9
130 24,6—-29,8 60,4—-66,4 58,5—65,1
135 26,9-32,8 62,4—68,7 60,4—67,4
140 29,4-36,3 64,2-71,0 62,4-70,1
145 32,4—40,2 66,8-73,5 T 64,1-72,4

Hanee mepedyncieHEl HEKOTOPBIE PACUEeTHEIE U TAOIHIHbIe
JaHHEBIe JJIA OIpeJesieHHA NoKasareyeil pasBUTUSA pebeHKa.
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IIpupocT HOBOpPOXKIAEHHOr0 pebeHKA KaKABIH Mecsll
IIePBOTO T0Ja KH3HU COCTABJISAET:

Cpok I yeTBepTH II gerBepTH III geTBepTh | IV werBepTH
(1-3 mec.) (3—6 mec.) (6—9 mec.) [ (9—12 mec.)
IIpupocr Tlo 3 cm IIo 2,5 c™ o 1,5 cm ITo 1 cm

dDopmyJia pacdera pocra pefeHKa Imocjie roaa:
X=T75+5 n,
rne 75 — cpemmif poct peberxa B 1 roxm, 5 — exeromHas

npubaBka, n — BO3pPaACT pebeHKa.
CyTouHas KAJIOPHIAHOCTH NMUUIEBOTO panuoHa peGeHKa:

Q=1000 +100 - n,

rge 1000 — cyrouHas KaJOPHITHOCTH PAlHOHA AJIA I'OXO-
Bajioro pebenxa (B kkaig), 100 — exxerognas npubaBka,
n — Bo3pacTt pebeHKa.

Kasopuitaniii (sHepreTuyecKnii pacuer) — Ha 1 K Macchl
Teaa pebeHKa Heo6X0AUMO:

1/4 roga — 120 xkax B cyTku (502 xllx);

1/2 roga — 115 xkan B cyren (481 xJx);

3/4 roxa — 110 xxan B cyTkn (460 xlx);

1 rog — 100 kxarx B cyTu (418 x/x).

1 xxan=4,183 xJllx.

1000 ma moaoxa comepxut 2929 xlxx (700 kxai).

OOBeMHEIH cmoco6 pacdera o0beMa IHINHM AJS AeTei
3aBHCHT OT MAacchl TeJa.

PefeHok aosxed mMOJYyYHTH MOJIOKO B pasMepe:

oT 2 fo 6 Hexens — 1/5 Macchl cBoero Tena;

or 6 Hefesnb no 4 Mecanes — 1/6 Macchl cBoero Teja;

ot 4 no 6 mecaneB — 1/7;

Gosee 6 Mecses — 1/8 maccr! Tena.

YBenmuueHne MacChl Tejia peGeHKa 3a KaXKIABIH MecsIy
IIEPBOTO roja K¥U3HU (B rpaMMax):

Mecan | 1 213 4 5|16 7]8)] 9 |10]11]12

Hpﬁga‘" 600 | 800 | 800 | 750 | 700 | 650 | 600 | 550 | 500 | 450 | 400 | 350

Maccy Tena peberka a0 10 jeT B KI' pacCUHTHIBAIOT IIO

¢dopmye
m=10+2 - n,
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rge 10 — cpeaumii Bec peberra B 1 rog; 2 — exerogHas
npubaBKa Beca; n — BospacT peGeHKA.
Maccy Tena pebenka mocie 10 JieT B KI' pacCUUTHIBAIOT
o dopmyJie
m=30+4 - (n — 10),
rae 30 — cpexuuii Bec peberra B 10 ner; 4 — exxerogHas
npu0aBKa Beca; n — Bo3pacT pebeHKA.

AHTpONOMETPHYECKIHE HHAEKCHI ANA B3POCAbIX

Ona mOAPOCTKOB M B3POCJBIX JIOZeH HCIOJIb3YIOTCS
Jpyrue aHTPOIOMeTpHYeCKHe UHAEKCHI: BeCOPOCTOBLIM, IIPO-
NOPIMOHANLHOCTH, CTPOHMHOCTH, OCAHKM, PasBHTHUA IiIeda
1 ABUTaTeNbHOT'0 PA3BUTHA, 4 TAKKe MHJEKC IPOHEHTHOTO
CORePKaHUA KHUPa B OPraHU3Me — JJIA JEeBYIIEeK; OTHOIIIe-
HUe OKPYKHOCTH TAJIUM K OKDY’KHOCTH Oeliep, HasBaHHOE
MHIEKCOM JUIITHUX KMJIOTPAMMOB; OTHOIIIEHME MAacChl Tesa
B KMJIOrpaMMaX K KBaJpaTy poCcTa B MeTpax, Ha3BaHHOE
MHIEKCOM MAacChl Teja, U T.J.

IIBa mocIeAHUX HHAEKCA BHIYUCIAIOT B HEKOTOPLIX PUT-
Hec-KJIybax NI KOHTPOJS HAJ TEJIOCHOKEeHMeM M Maccoi
Tesa.

Hupexc mumanx xuaorpammoB (UJI = oxpysxHOCTE Ta-
nuK/OKpYKHOCTE Gefep), B HopMe cocTasisiomuit 0,8 g
weHIH 1 1,0 an1a My»XYuH.

Wapgekc Macen! Tena (MMT) oueHs 9acTo HCHOJb3YyeTCHA
/UL OLEHKM YPOBHA (PU3MYECKOro 3J0pOBbA dejoBeka. Co-
IVIACHO €My COOTHOIIIeHMe MaccChl Teja (KI') K KBaJpary po-
cta (M) B uETepBane 18,5—25 uMeeT HOpMaJILHOE 3HAYEHUE;
8 u"aTepBane 25—30 — u3beiTok Macchl; Gosee 30 — oxH-
peune. IIpu 3TOM TOJIOBEIE OCOGEHHOCTH He YIUTHIBAIOTCH.
UJI u UMT HenpurogHbI JJs ONEHKH opraHusma B 15—
17 ner, Ho paborawT anda 25—40-reTHUX.

Kaxxkpasa rpada mpuBOAUT BeC Teja B KMJIOrpaMMax JJIs
YeJIOBEKA ¢ JAaHHBIM POCTOM M HHJEKC Macchl Tejaa. Kuio-
rpaMMbI OKpPYTJIeHb!. JIs ucIonb30BaHu TaOIUIbI HABANTE
¢OOTBETCTBYIOIITHHE pocT B cTosbie ciaeBa. [lanee, ABUrasice
110 PAAY BIOPABO A0 HYKHOrO Beca, YMCJO BBEPXY KOJOHKH
M ecTh MHJEKC MacChl TeJa AJis KAaHHOI'O POCTa M Beca.
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Taéauua mHEIEKCa MACChHI TeJa

H3UYECKoe
UMT o Puck u natoxorus
COCTOAHHE
HepocraTox | XpoHudeckas ycTajocTh, anaTus, HeXBaT-
- 18,0 Beca 2-i K& BHTAMHHOB, HCTONEHHE, OCTEONIOpo3,
CTeleHHu aHOpeKCcHd u T.X.
IIpo6neMb mumieBapeHHA, HCTOIIEHHE
Hegocrarox c'rl;)ecc xpoxmfcxa: YCTaJ;OCTb g{axni’;
14,1 — 20,0 Beca 1-it ! ’
CTONEHE UMMYHHUTET, NAenpeccHd, FOPMOHaIbHbIe
HapyUIeHHA U T.J.
HopMas Bricokuil ypoBesh 3HEePruH, XOpomas
20,1 — 25,0 Hbll)ﬁ Bec ¢usuueckad dopma, KUIHEPALOCTHOCTb,
ICUXO3MONMOHAJILHOE PaBHOBECUE U T.4.
XpoHuyeckas yCTaloCTh, IpoOXeMEl Mu-
26,1 — 27,0 | Jhuuawmit pec | meBapeRns, cepaedHO-COCYAHCTOMH cHCTe-
MEL, BaPHKO3 U T.A.
OsmpeHHe Pucx nuabera, BBICOKOE XapjeHHe, IIPO-
27,1 — 30,0 . P 6JeMBl KPOBOOOpalIeHHA, HapylUIeHHe
1-it cremern
NICHXUKH, IpobJieMBl CYCTaBOB H T.JA.
OKHDeHIe HuaGer HeMHCYJIMHO3aBHCHMEIH, arepo-
30,1 - 35,0 KHD CKJIepo3, CTEHOKApAKA, WHGBAPKT, TPOM-
B
2-# crenenu 6odurebut u T.X
> 35.0 Oxupernue | Juaber MHCYIMHO3aBHCHMBIH, HHAapKT,
’ 3-if cTreneHH | HHCYJBT, pak

MeTozuka BEIYHCIEHUS IPOIIEHTHOT'O COAEPIKaHUA KUPa
¥ OpraHusMe IIPHMEHSETCA TOJIBKO A AeByIueK. Ilpunsaro
(YHUTaTh, YTO ¥ CIOPTCMEHOK cofepxurcsa 10—15% sxupa,
n HopMa — 22—24% . HeobxofuMo NOHUMATH: HEXBATKA
JKUPOBOI TKAHY He MeHee BpefHA [JIA OpPraHM3Ma, YeM ee
u30BITOK, a TAKXe, YTO ZIeBYIIKa, umeromas 22—24% xu-

POBOI TKAaHM, HE BBIVIAAUT IIOJHOM.

Tipu nposefenny GYHKUUOHAIHLHOIO OBCIEZOBAHUA U
OlleHKe (PU3NYECKOro PasBUTHS MAIEHTa IPUMEHSIOT CJIe-

JAyonie aHTPONIOMeTpHYEeCKUe NHIACKCHL.
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e PazMep OKPY’KHOCTH I'PYAHOH KJIETKU B CAHTUMeTpax B
pocr

HOpMeE = +(2-4cm). ITpu 3TOM BKCKYPCUA JETKUX: }

OKDY’KHOCTH IIPU BIOX€ — OKDPYXKHOCTb IIPH BBLAOXE =
=5-7 cm. ;
e UMT (ungekc Macchl TeJa) BEIYUCIAIOT JeJeHHeM Beca
B KUJOrpaMMax Ha KBaJpPAT POCTa, BBIPAMKEHHEIA B Me- |
Tpax, ero Hopma 19—25.
Macca Tesa (Kr)
HMT = > .
pocT” (M)

e BecopocToBblit nagexc KeTre BEIUMCAAIOT AeJieHEeM Beca
B I'paMMax Ha pocT B caHTUMeTpax. HopMa y sxenmmuna —
325—-375, v mysxunn — 350—400.

Macca TeJa (r)
Huagexc Kerne= ———mm——.

pocrt (cm)
Kpome asTponmoMeTpUYecKUX MHAEKCOB TIpK obcaenoBa-
HUY PYHKINOHATIBHOTO COCTOSHUA UCIOAB3YIOTCHA CIEAYIO-
e pacueTHbIE IIOKA3aTeIH.

OKPY/KHOCTH I'PYAHOI KIeTKH B %

¢ TunTemocno:xeHns= .
pocT
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Ecau pesyabrar 50—55% — HODMOCTEHHK,
Hukxe 50% — acTeHHK,
Buine 55% -— I'MIEePCTeHHK.

JKEJI (M)

Macca Tena (Kr)

o XKXu3HeHHBIA HHACKC =

HopMma cocrasiser 55—60 mu/kr.

» [Ipo6a IlITanre — 3agep>KKa ABIXaHUS Ha BHOXE: CUAA,
mocyie riay6oKoro BRoxa M BBIAOXA, CHOBA BHOX, POT K
HOC IPH 5TOM 3aKPHIBAIOT, HOPMA COCTABJIAET HE MeHee
40-55 c.

¢ IIpoba 'enan — 3ajepxka JbIXaHUS HA BBIIOXE: B HOpMe
He meHee 25—30 c.

e Coormomenue YCC u Al (MCC u AJl naMepsdATCAd B
II0KO0€).

YCC - Al (cucTonny.)

100

¢ [Ipo6a MapTHuHe: nociie H3MepeHHAs IyJbca B IOKoe (3a
10 c) uccaeayemerii genaer 20 riayOoKuX HOpHCeHaHUIf
(sorM HA mMIUpUHe Mied, pyku repen) 3a 30 c. ITo okon-
YaHHH MOJCUYUTEIBAeTCA MyJLC 3a nepsbie 10 ¢c. B Hopme
MyJabC BOCCTAHABJIMBAETCA depe3 2—3 MHH.

OueHrka ypoBHA (GM3HUECKOr0 3AOPORLA B3POCIOro YeJIOREKa

, HopMa cocraBasger 85—110.

N i/ TIokasarens KH3HEAEATEALHOCTH Hopma
1 OKpYKHOCTh IPYXHOI KIeTKH (BAOX) Pocr +(2-4) cM
2 OKpYKHOCTE T&JIHH Pocr — 100 cm
3 Oxkpy:xHOCTH Oefiep Pocr -~ 100 + 30 c™
4 HUMT 19-25
5 Yacrora anxarua (1]1) 12-14 mMun
6 IIpo6a IllITanre (3afep:kKa KbIXaHUSA 60 c
Ha BAOXE)
7 IIpoba I'eruu (3agep/KKa ALIXaHUA 40 ¢
Ha BBIfOXeE)
8 Ps B nokoe 3a 1 MuE Ho 64 — ora.
9 Ps cpaay nocne 20 npucegaguif 3a 10 ¢ Ho 25% — ora.
10 BpeMsa BoccTaHOBJIEHHA IyJbCA HOCHE Yepes 1-3 mur
Harpysku
11 ALl ' 120/80




CylmecTByeT MHOMKECTBO METOAUK OIleHKM ypoBHA (u-
3UYECKOro 3/0pOBbs JeJIOBeKa. B mociegHee BpeMs IpeH-
MYIHECTBOM HOJIB3YeTCA MeTOAMKa mpodeccopa emHanms
JleoHnAOBUUA AIlaHACEHKO.

Jkcnpecc-oueHKa ypoBHA 310POBbA MYMUHH W KeHWHH
(no T J1. Anaugceuxo)

YdeHbIH NPeRNIOKUN OLEHUBATHL YPOBEHbL 3[0POBBA TI0
NATH KATeropusaM, UTO IO3BOJIAET ONPEJeJUTh TaK Ha3biBa-
eMbIil pouIb 310POBhA. Y POBEHD 30POBbSA OLCHUBACTCH
o 5-6aIbpHON IIKale.

B HukenprBeAeHHBIX TAGIUIIAX WCIOIL3YIOTCH CIEAYIO-
nie cokpaurenua: N — BeJqnumHa mokasareiada; M — macca
tena, Kr/r; F — AMHAMOMETPHUA CUJIbHeNIeN pYKH, KT
JKEJI — xusHeHHAsA eMKOCTH Jerkux, mia; YCC — ugacrota
CepAeUHBbIX COKpamieHuit, ya./mmu; AJl — aprepHamsHOe
IaBjieHUue, MM pT. CT.

Ounenka OTAeNBHBIX napaMerpoB (B 6ajiax) mOKaMKeT
cyiabble CTOPOHBI Pa3BUTHA U TIOMOMKET MX JUKBUAUDOBATD:
HOPMAJIN30BAaTh BEC, YBEJIMUHUTD CUIY, KH3HEHHYIO eMKOCTh
JIerKuX U T. II.

Kpome Toro, ecim payke pa3 B Mecsl B Te4YeHHe rofa
IIPDOBOAUTH MOJOOHYIO OLIEHKY CBOEr'0 COCTOSHUA, TO MOMKHO
OyJeT BBIABIATH U CBOU «30HBI PUCKA» — 30HBLI CHUKEHHUSA
byHKIIUOHAJIBPHBIX BO3MOJKHOCTEH OpraHmaMa B FOJOBOM
IUKJIE.

CocTossHHE TPEHMPOBAHHOCTH CBOEH CepedYHO-COCYIU-
CTOH CHCTEeMBI MOKHO OIEHHWTH MO HUTOTaM BBITIOJHEHHUS
HECKOJILKUX IIPOCTHIX TECTOB U OJHOBPEMEHHOH OIeHKOH
YCC nocye BceX TeCTOB.

JIia MyKYUH ¥ JKEHIUH ITOKA34TeIH BapDEUPYIOT.

PesynbTaThl CBOAATCA B HTOTOBYIO TAOJHIY, KOTOPYIO
O00BIYHO 3aIlOJHSIOT JJIA ONpeAeeHHON T'pYIIb MpOBEPA-
€MBIX.
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86

YpoBeHs 3J0POBBA KEHINHH
Tloxazarean 1 11 III v \4
Husxuit | Hmxe cpeggero |  Cpegruit Buime cpegaero Bricoxnit
> 451 450-351 350 - -
Macca (1)
—_— N 6ann »
Pocr (cm) ~2 -1 0
. < 40 41-45 46-50 51—56 > 56
JKEJI (M)
— N Ganx
Macca (xr) 0 1 2 3 5
F (kr) T00% < 40 41-50 51-55 56—60 > 61
—_ . A
N 6amn
Macca (xr) 0 1 2 3 4
> 111 110-95 9485 84-70 < 69
A‘chc
YCe - —2 N Gaxn 9 0 2 3 4
100
Bpems soccranoBiaesns mociae 20 npu- NG >3 3-2 2—-1,5 1,5-1 <1
asn -
cepanui 3a 30 ¢ (Mug) = 1 3 5 7
¥YpoBeHS 3/0p0BBA IO cyMMe Ganzos 4 5-9 10-13 14-16 17-24
Hrorosas Tabanna
Aunamo-
MeTPHA KHCTH
Maceca (r) JKEJI (Mn) JAunamomerpna Al Bpens Bpema _
Bec | P FHET ———— - s | ) Hror
i Rl =8 (O e = e s ) onemne. | 1 | "0 0" oo 20| +oernes | 1
B Gannax B Gannax # %, B bannax B 6annax mpucepanmit annen
nparag | nesas
1
2




BriBoa 3aHOCHMM B TabaHIY.
JKcnpecc-oneHKa YPOBHEA (HM3HIESCKOr0 3A0POBLA IPYNILI

O6eaeno- VposuHR (rpynus) 350poBbA

BaHHEIE
Pvs— I 1} m v v

Huaskulk Huxe Cpexnumit Brimre Beicoxnit
(xos-B0 cpeagero (xon-Bo cpeaEero {xox-BO
~ % or (xo0J-BO - % or (xon-BO - % or
ofmero ~ % or ofmero - % or obmero
qHcIa) obmero yncna) obmero qucaa)
upcia) qncaa)

Ofmee
KOJI-BO:

Myscunn

Hermua

IIpu6ausuTeAbHEIH YPOBEHs 30POBhS 110 IOxAaM

VpoBensb 340POBLA

Bospacr Myx9HHEB HKermuER
(rogsn)

Maxcn- Muzn- Maxcu- Munn-
N Cpepgauii . "
MaNBHHH | ManpHRIH MAAbHEIR | MANBHEBIR

17-30 15 10 12,56 8
31-40 15 9,2
41-50 14 8,7
51-60 10 6,7
61-70 6 5

71-80 4 2,5

Hasrauenune nposefieHusa SKCIpecc-ONeHKH YPOBHSA 370-
poBhA obydarmmuxcsa oo Mmeroguxe JI.I. Ananaceaxo:

— OTCHeKMBAHUE AMHAMHKHM COMATHYECKOTO 3J0POBbSI

" (comaTmyeckoe sabosneBaHme — TeJecHoe 3ab0JieBaHHE
B NMPOTHUBOMOJIOKHOCTh ICHXHYECKOMY 3a00JIEeBaHHIO)
CTYZEHTOB 110 roaM o6y4eHus;

— HAWBHUAYAJIbHOE OMOBeIeHre 00yYaromuXcs IPY BEIX0/e
cpejHeil OLieHKY YPOBHA 3710p0BbA 3a npejensl «besonac-
HOIf 30HEBI»;

— Dpeann3anMsi COCTABJCHUS MHAUBUAYAIBHLIX HACIOPTOB
3Z0POBBA 00yYAOIMXCA U ONpefelICHNe MHAUBUIYATE-
HOT'0 MapIIPyTa 0340POBJeHUA (JIeUeHUA U JUCITAHCEDH-
3anuu);
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- (JOPMUPOBAHHE ¥ PeaNU3aANHUA KOMILIEKCa IPEBEHTHB-
HBIX BOCCTAHOBHUTEIBHBEIX METOJUK (IPEeAYIIPEsKAAI0OIINX
3abosieBanmns), OCHOBAaHHBLIX Ha IpuaEnunax 303K;

~ MPOTUBOJAEHCTBHE XPOHKU3AIUN HeMHPEKIMOHHEIX COMa-
THYecKHX 3aboJeBaHMI.

Cornacuo Metoguke JI.I'. AnmaHaceHKo ompeaeisioTcs
eJleayioniue MOKasaTeJu: poct, Bec, JKEJI, aunaMomerpus
xkucern, AJl, YCC, Bpemsa poccramosnenus UCC mocie 20
npucenauuii. IloxasaTeq M PaHKHPOBAHEI, KAXIOMY Dadry
IIPUCBOEH COOTBETCTBYIOIIUM Gasr.

YpoBHU 3J0POBhA XapaKTepU3YIOT TPAHUNE! aspobHOro
PHEPTOIIOTEHIIAAJIA YeJIOBeKa KaK OGHOJIOru4ecKkoi CuCTeMEl.

«DBesonacHnIi ypoBeHb» COMATHYECKOTO 340POBhA HHAH-
BUla XapaKTepHU3YeTCd MAKCUMANLHBIMH BO3MOXKHOCTIMU
napo6HOTO SHEproobpasoBanus. s KeHIIUH U MYXUYUH OH
naxoautrcs mexay III-IV yposrem 3noposss (12 6annos mo
1IKaJIe BKCIpecc-oneHKHn). To ecThb 3TO TOT YPOBEHB 340POBbLA,
KOTOPBI# MOXKHO BOCCTAHOBUTL NPEBEHTUBHLIMU MEPAMM.

3apanua
ANA CamMOCTOATeNbHOR paboTel

Ne 38

Onpegennute ANA Kaxoro-iubo ueroBexa:

1) XKU3HEHHYIO €MKOCTh JIETKHX;

2) MUHYTHEIH 00beM JBIXaHUS,

3) mokasaTesm CepHedHOH AeATeNbHOCTH: YAADHEIH U
MHUHYTHRIA 00LEMBI KPOBH.

Nz 39

Peinre samaun no reme «KusHeHHAA eMKOCTE JEIKUX».

1) Onpexesnnre ana cebsa:

a) 'KU3HEHHYIO0 éMKOCTh JIETKHX;

0) MUHYTHHE# 06HEM OBIXAHWA;

B) IOKa3aTesJN CEepRAEYHOH AeATeJLHOCTH: YAAPHBINA M
MUHYTHBIA 06B€MEI KPOBH.
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3anuuruTe pacuerHbie GOpPMYJIbI U 3aMOJHUTE TA0IULY.

Coxkpa- JKEJI | AKEJI | JKEJ | JKEJ | JKEJI

meHHoe (I (11 (I (IvV (V cmo-| MoH, | YOK, | MOK,
HasBagme |cmoco6), |cmocob), |cooco6), | cnoco6),| cob), M Mx MX
HoKa3zaTens M MI MI ™I M1

Yucaeadoe

IHAUEHUe

mokasaTens

2) YenoBek sipy CIOKOHHOM AbIXaHMH AejaerT 16 gbixa-
TeJILHLIX ABMKeHUH B MuHyTy. IIpu ¢pusudeckoil Harpyske
KOJMYECTBO JBIXATENbHBIX ABMKEHUM yBeAUYUBaeTCsS Ha
50% . CKOJIBKO YriIeKHUCIOro ra3a npu GusniecKoil Harpyske
BBIJOXHeT 4eJoBeK 3a 2 muH, eciu JKEJL = 4000 cm3?

3) CXOIBKO KHCJI0POJa BAOXHET UeJIOBEK, €CJIN M3BeCT-
HO, YTO IIPH HOPMAJLHOM JALIXaHMH BO BALIXa€MOM BO3JYyXe
cogepxurcsa 21% kucnopoga, a JKEJ = 4000 cm3?

4) B Teyenue 1 MUH deJoBeK Aenaer 16 ABIXaTeNbHBIX
JBHIKEHUI, IIpH 3TOM B JerKue MOCTYIaeT 3a OOHH BAOX
1500 cm® Bosayxa. KakoBa MUHYTHAA BEeHTHUIALMS JIEIKUX?

5) CKOJIBKO KHCJIOPOAa BhIZIBIXAET YeJIOBEK 3a OJUH pas,
ecau ero JKEJI = 4500 ma?

Ne 40

Brruncaute poct 1 Maccy pebeHKa, Koropomy 11 mecsnes
oT pokAeHHA. PaccunTaiiTe muTanne 3Toro peberka o6beM-
HBIM 1 KAJIOPUHMHBIM criocoboM. Bec peGernka npu posxkaeHUN
3,5 kr, poct — 52 cMm.

Ne 41 .

Permnre samaun mo teme «Pacuer mpubaBKHM pocta je-
Tel».

1) BriumcanTe pocT u Maccy pebeHKa, KoTopomy 1 rog or
POKICHHS U OH POIUJICA ¢ BecoM 3,5 Kr. Paccuuraiite mu-
TaHHue 3TOro pebeHKa 00'BeMHLIM U KaJOPUHHBIM CIIOCOOOM.

2) Paccuuraiite cpeguuii pocT pedenxa B BospacTte 2 JeT,
4 ner, 5 Jer.

3) 3anoxHUTe TAOIUIYy 3HAUYEHUSIMH DOCTa peGeHKA:

2 ropa 3 roga 4 rona b Jer 6 Jyer 7 mer
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4) PaccuuraiiTe npnbasky pocra pebenxa ¢ 3 go 6 yer.
5) Paccumnraiite mpuGaBKy pocta pebenxa ¢ 2 1o 7 zer.
6) Paccuuraiite npubasky pocra pebenxa ¢ 4 xo 8 xer.
7) Paccunraiite pocr peGenka 6 mer Becom 28,5 kr.

8) Paccuuraiite npubasky pocta peGerxa ¢ 2 xo 5 xer.
9) PaccquTaiite mpubaBsky pocTa peGeHKa ¢ rofa Ko 7 Jer.
10) PaccuuraiiTe nmpubaBKy pocra pefeHka ¢ roga Jo

5 ser.

Ne 42

Pemure 3afaun mo reme «Pacuer mpubaBKu Maccel Je-
T >».

1) Paccuuraiite Bec pefeHKa 8 MeCsUeB >KH3HM, €CJH
M3BECTHO, YTO BEC IIPH DOMXKIAEHWH pPeGEeHKa COCTABHI 2 Kr
800 r, a exxemecAYHO OH HAOUPAN B Bece cOriacHo Tadymyg-
HBIM JXaHHBIM,

2) Kakoit Bec Bomxen uMeTh peGeHOK 5 MecAnes, ecau ,
OH poAuJics ¢ BecoM 3,5 kr?

3) lo 5 mecaneB pebeHoOK, poausmuiics ¢ secom 4,2 Kr,
npubaBisy B Bece CPeIHECTATHCTHUYECKOe 3HAYeHHe Beca, a
3a 5-it, 6-i, 7-i MecAnsl xusum Habupan scero no 500 r.
Kaxoit Bec umes pebeHOK B 6 Mecsnes, B 7 Mecares?

4) 3a nepsbie 3 Mecana Ku3HN pebeHok Habpan 1,3 Kr.
Cronbko BecH peGeHOK B 4 Mecsana, €clid OH POAMICS C
BecoM 2,6 Kr M 3a mocaenHU MecAn JKU3HH IpabGaBun B
Bece CpeJHECTATHCTHUCCKOe 3HadeHue?

5) PaccumraiiTe Bec peGeHKa 8 MecsAleB KH3HU, €CIH
M3BECTHO, UTO OH poxuics ¢ BecoM 3 Kr 100 r.

6) Cxoxpro Becut pebeHok 1 roza KU3HM, pOAMBINUICA
¢ BecoM 3 kr 300 r, ecnu M3BECTHO, UTO 3a NocjheaHUe 4 Me-
cAna oH HaGpaJ B Bece 2 Kr, a OCTaJdbHEIE MeCSIE Habupas
B Bece COIJIacHO Tabauie.

7) PaccuuraiiTe BeC NATHMECAYHOTO pefeHKa, €CIK BeC
ero opu poxxaeruu cocraBui 3200 r u exxeMecsauno pebeHOK
npubaBAAJ B BeCe COTJIACHO TaOIMYHBIM AAHHBIM.

8) llpu poxpennn peGeHka ero Bec 6eL1 3 Kr 600 r.
Kaxmnm Gyzaer ero Bec Kk 10 mecanam?

9) Paccunraiite Bec ceMuMecaIHOro peGeHKa (COrIacHo
rabnuie), ecau B 3 Mecana oH Becux 4 xr 200 r.
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10) Pebeury 5 mecsner. IIpu poxAeHHU OH BeCHI
3000 r, paccunTaliTe Bec pebeHKa COIJIacHO Tabiuile H ero
00'beM NMUTAHUA.

Ne 43

Pelrure 3amauu 1o Teme «PacueT IMUTAHUSA AeTe».

1) Pebenry 9 mMecsaues, oH poauicd ¢ Becom 4 xr 500 r.
IloacuuraiitTe 06beM nUTaHNA peGeHKa, ecyiu OH npubaBIIA
B Bece coryIacH® TaGIMYHBIM JAHHBIM.

2) Paccuuraiite, HaCKOJLKO GOoJblIe IUIM Tpedyercsa
IIecTUMECAYHOMY pebeHKY, YeM ABYXMeCAUYHOMY, €ClH
U3BeCTHO, 4To B 6 Mecsamer peGeHox Becutr 5800 r, a B
2 mecana — 4000 r.

3) Macca aByxmecagHOro peGenka cocrasiser 5 xr 200 r.
PaccunTtaiiTe 06beM nuTaHUA pebeHKA.

4) PaccunraiiTe 00BeM MUTAHUSA YeTHIPEXMECAYHOTO pe-
GeHKa, ecIn OH poamicsa ¢ maccoit 4 kr 200 r u npubasisain
B Bece COTUIACHO TaGIMYHBIM JaHHBIM.

5) Paccuuraiite 06beM nurTanus pebeHKa 7 MecHAIleB,
ecau npM poxaeHun oH Becus 3200 r.

6) Pe6enox poauics ¢ secom 3 xr 200 r. Kakum 6yger
ero o6peM nuTanus B 1 mecan? B 4 mecana?

7) Paccuuratite 06BeM MUTaHUA ABYyXMeCcSIHOTO pebeH-
Ka, eclIM M3BECTHO, UTO €r0 BeC NPH POKACHUU COCTABUI
2 kr 500 r.

8) PaccuumraiiTe 06beM NHUTAaHUA IMOJYroAOBAJIOTO pe-
0eHKa, ecJH M3BECTHO, YTO OH poxmica ¢ Becom 3 Kr 450 r.

9) Paccumraiite, 00beM NHTAHHUA rojoBayioro pebeHKa,
ecIIU M3BEeCTHO, UTO IIPHU POXKIEHUH ero Bec COCTaBHI 3 KI
800 r.

10) Paccuuraiite 06beM NIUTAHUS NATUMECAIHOTO pebeH-
Ka, ecJId U3BeCTHO, 4YTO OH poxmica ¢ Maccoit 3 kr 300 r,
3 Mecsna npubasian B BeCe COrJIACHO TA0JIMUYHBIM JAHHBIM,
a B 4-if u 5-if mecansl mo 800 r.

Ne 44

PaccunTraiiTe OCHOBHBIE AHTPOIIOMETPHYECKHE MHEKCHI
I celGs, UCIIONB3YS AJISA 3TOr0 HOPMYJIbL.
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Ne 45.

HUcnonssysa Meropuky mpodeccopa I'.JI. AnanaceHKO,
IPOBEAUTE 3KCIIPECC-OlleHKY YPOBHSA (PM3UIECKOr0 340POBbA
rpynnst u3 10 eTyaeHTOB.

Bonpocs! no Teme

1. IToacnume mepmukbl: HUSHEHHAR eMKOCMb JLeZKUX,
MUHYMHbLU 00%em Obixanus, YyoapHoil u MUHYmMHbL
00Bembl KPOBL.

2. ITepewucrume usgecmuvie 6am cnocobvl onpedeneHus
JKEJI.

3. Ymo makoe anmponomempuiecrue underco? JJna wezo
OHU ucnoavaywomca?

4. Ilo karxum popmynam MOHCHO pacciumans pocm, Maccy
meuxna peGenra?

5. Kax paccuumame koauwecmeo monoka Ona pebenka
006eMHbIM U KAJLOPULHbBIM CnOCOGamu?

UcTopuyeckue ceenenns K pasneny 1

0 30n0TOM ceyYeHuu

IMomaTneM u cBOMCTBAMM NPONOPLWY UeJIOBEUECTBO
nonae3yercs O4eHb fZaBHo. Camas HM3BecTHAsA OPOINOPHHS B
MaTeMaTHKe — 30JI0TOe cedYeHHe, KOTOPoe OKPYXXEeHO aTMO-
cdepoii 3araJJOYHOCTH M TAMHCTBEHHOCTH.

ITonsTHe 0 30J0TOM [eIeHMH BEEJI B HAYYHBIH OOMXOX
[Tucarop, apesHerpeveckuit ¢pumrocod u marematux (VI B.
mo H.3.). OH usyyas CBOHCTBA NEJNbIX YMUCEN U TPONIOPUHii.
Ho cBoiicTBa 3010TOT0 ceueHUsA OBIIH M3BECTHEL eIle eryi-
TSAHAM M BaBMIOHSAHAM. B 3TOM MOXRHO YOefUTLCS, eclH
paccMoTpeTs mpoNnoOpHUK NHpPaMHA, XpaMoB, Gapeinedos,
npeAMeToB ObITA M yKpaIneHHuit rpo6HEUIIL.

JpeBHNe MacTepa MOJL30BANHCEH COOTHOIIEHUAMHU 30JI0-
TOrO AeNeHUS NPU UX CO3RAHNY. DPAHITY3CKUE aPXUTEKTOPhI

\
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oOHAPYKUIH, 94TO B peiibede u3 XpaMos $HapaoHOB IPONOp-
Uy GUryp COOTBETCTBYIOT BEIMUMHAM 30JI0TOTO AeeHUA.
Hoppannsie dpapaonos, nzobparkenHbie Ha peasedax rpob-
HUI, AepXKaT B PYKAX U3MepHUTENbHbIe HHCTPYMEHTHE!, B
KOTOPHIX 3a(MKCUPOBAHEI IIDOMOPIIUH 30JI0TOTO JEeICHU,

I'pekn ObLIH MCKYCHBIMH reoMerpamu. JHaxke apudme-
THKe 00yJaJIi CBOHX AeTell nMpM MOMOIIY I'eOMETPHUYECKHUX
¢uryp. JaBHo usBecTHrl B MaTeMaTuke IImdaropossr uuc-
Ja — TPOHKY TaKVX HATYPAILHBIX YHACEJ, YTO TPEYTOJILHUK,
JJIMHBI CTOPOH KOTOPOr0 MPOIIOPHHOHANBHEI MIH PABHEI 3TUM
4mucJiaM, SBJAIOTCA NPSIMOYTOJLHEIM, HalpHMep, Tpoika
qucen: 3, 4, 5.

ILtaron (427—347 rr. A0 H.9.) Takke 3HAJ O 30JI0TOM
JeneHuu. Ero BRICOKOXYAOYKECTBeHHBIM Amanor «Tumeii»
NOCBAILIEH MAaTeMATHUECKHM M 3CTEeTHUYECKHM BO33DEHHAM
mronnl IImdaropa U, B 4acTHOCTH, BOIpOCAM 30JOTOTO
JeJeHus.

B dacage npesBHerpedeckoro xpama Ilapdenona mpu-
CYTCTBYIOT 30JI0ThIe Iiponiopiinu. IIpn ero packonkax o6Ha-
PYK€eHBI HUPKYJIH, KOTOPEIMHU MOJb30BAJHUCE APXUTEKTOPEI
U CKYJbITOPHl aHTHYHOTO MHpa. B moMmeickoM LUpKyJie
(Myseii B Heamone) Takxe 3aI0/KeHBLI IPONOPIIMU 30J0TOTO
JeJIeHHus.

B pomrepmieit n0o Hac aHTUYHOHR JuUTepaType 30J0TOe
JleleHUe BrnepBEle ynoMuHaerca B «Hauanaxs Esxkauaa
(I 8. go H.3.). Bo 2-i1 kunre «Hauam» Aaetrcs reomerpu-
YecKoe MCTONKOBaHUEe 30Ji0TOro JeneHmsa. Ilocne Epkaupa
HCCIeOBAHNEM 30J0TOTO JAeleHHs 3aHAMAaNuch ['HICHMKI
Anexcanapuiickuii (ox. 190 xo H.3. — 120 g0 H.3.), TIann
(III B. H.9.) 1 Ap.

B snoxy BospokieHHst YyTBepPKAAINCh MAEANLI IrapMo-
HUYIHOH, PACKPEIOUIeHHON TBOPYECKOM JINIHOCTH, KPACOTHI
¥ TapMOHMH JefCTBUTEILHOCTH, CTPOHHOM 3aKOHOMEPHOCTH
MHEpO3aaHuA. 3070TOe ceuyeHHe (TepMHUH Bsel JleoHapno
na BuHun) — 3T0 ocoboe COOTHOLIEHME, rapMOHMYECKOe
JleleHWe, KOTOPOMY HPUIIKCHIBAIKUCE CBEpPXHeCTeCTBeHHEIE
BO3MOJXHOCTH, UCIIOJIL3YEMOE B HCKYCCTBE X ApXHTEKTYpe HA
nporaxeHnu Bexos. OCHOBaHO Ha NPOIOPIWH, HalAeHHOMH
B IPHpOAe ¥ OpHUGIR3HATENHHO paBHOM 1,618 : 1. Veumnncs
MHTEpEeC K 30JIOTOMY JEeJIeHHI0 CPefM YYeHRIX ¥ XYAO0XK-
HUKOB-apxuTeKTOpOoB. Jleorapzo ma Bumum (1452-1519),
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XYJAOXKHHUK KM YIeHbI, 0TPA3UJ B CBOMX TPYJAX NPONOPIAK
30JI0TOTO CeYeHHU:.

MatemaTuky 5n0xu BospoxkeHus npeKpacHo MOHEMAJIY
3HaveHVe HAYKM AJA UCKYCCTBA. JTOH mpobieMoit 3aHUMAa-
JIECh B PasHOe BpemaA MoHax Jlyka Ilavonnm (1445—1514) —
peamdailinuii mMareMaTwk Hranum B mepuoj Mexny Pu-
6onayun (1180-1240) u I'ammneem (1564—1642), xynox-
HUK IIbepo penna @pandecku (1420—1492), nanucapmmii
[Be MaTeMaTHYeCKHe KHUI'M, OAHA M3 KOTOPBIX HASHIBAJIACh
«O mepcmexkTuBe B JKHMBOIMCH», a Apyrad <«KHmxuma o
OATHA NPaBUIBHBIX Teiaax». Ero cumraroT TBOpLIOM Hauep-
TaTeJbLHOH reoMeTpHu.

B cBoux TBOpeHUAX AEATENH TeX BPeMeH UCIOIL30BAIH
riyGoKyI0 IpOAYMaHHOCTh IIPOIOPIHI, PA3yMHYIO ACHOCTD
TIePCHEeKTURHBIX NOCTPOCSHUH, IPOTIOPIKH 30J0TOT0 JeeHNI .

B 1509 r. B Benenuu 65112 nsgana kaura Jiyku IMavoau
«BoxecTBenHas mponopuusas ¢ GJecTdAlle BHIIOIHEHHBIMH
HJLIIOCTPAIIMAMH, BBHAY 4Yero MoJaramT, 9TO UX cAenas
Jleonapao ga Bunum. Kunra 66118 BOCTOPKEHHBIM TMMHOM
3os0T0H mpomopnuu. Cpeiy MHOTHX AOCTOMHCTB 30JI0TOH
npomopuuu MoHax JIyka [ladonm He mpeMMHYJ HA3BaTh M
ee «00KecTBEHHYIO CYyTh» KaK BhIDakeHHe 60)xecTBEHHOro
rpuepuncrBa — bBor Ceia, Bor Oren um Bor [Iyx Cssaroii
(mompa3yMeBasoch, 9YTO MAJBIH OTPE30K eCTh OJMIETROpe-
Hue Bora Crina, Goabmuii oTpesox — Bora Oria, a Bech
otpe3ok — Bora [{yxa Caroro). ’

JleoHapao xa BuHYM Tak’Ke MHOTO BHHMAHUA I
U3YYEHUIO 30J0TOro fAeseHusi. OH NPOU3IBOAMI CeueHUS

v
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CTEPEOMETPUYECKOT0 TeJia, 00pPa30BAHHOTO NPABUIBHBEIMU
NATHYTOABHUKAMH, N KaXXABIH pas MOJydaJ IpAMOYIOJb-
HYKY C OTHOLIEHUAMM CTODOH B 30JI0TOM jeyieHuu. [Ioaromy
OH JaJ 9TOMY JeJICHWIO HasBaHWe «30JI0TOe ceueHue». Takr
0HO U JEePXKHUTCA JO CHX HOp KaK caMoe IOIyJspHoe.

B 1o sxe BpeMsa Ha ceBepe EBponrl, B [epmMannu, Haj TeMu
J)Ke npobremamu Tpyauica Ansbpext Hiopep (1471-1528).
OH penaer HaOpOCKM BBEeJEHUS K IIEPBOMY BapHAHTY Tpak-
Tata o npomopuugx. Cyada mo ogmomy u3 muceM [{ropepa,
oH Bcrpeuancs ¢ Jlyxoit Ilagonu Bo BpeMsi npeGLIBAHUS B
Hramuu. Ans6pext Iliopep mOAPo6HO paspaboTal TeopHIo
nponopuuil yejoBedecKoro Teja. BaXHoe MecTo B cBoel
cucTeMe COOTHOIIeHuH [lropep OTBOAMI 30JI0TOMY CEYeHHUIO.
Poct uesoBera JemuTCs B 3070THIX NPONOPIKUAX JTUHMEH IT0-
sca, a TaKsKe JIMHHAEH, IPoBeIeHHOM Yepes KOHUUKH CPefHUX
nanbieB OOVINEHHBIX DYK, HUKHAS YACTb JHIA — pPTOM
u T.4. A3BecTeH NpONOPIIHOHANBHLEIY MUPKYAs [[topepa.

Beauxuit actporom XVI B. Horann Kensep Hassax 30-
JIOTO€ ceyeHNe ONHUM U3 COKpoBHIN reomeTprn. OH nepBhlit
o0paTuj BHUMaHMEe Ha 3HaAUeHHE 30JI0TOH MPOIOPIHK AJA
OoTaHMKM (POCT pacTeHU W UX CTPOEHHeE).

B mocienyromine Bexa mpaBmrio 30J0TOH HPONOPIUH HE
NPHBETCTBOBAJNIOCH BEAYIIIUMH YYeHBIMH KM €CTeCTBOUCIIHITA-
TeJIsIMY BBUAY CBOEH aKaJeMHUYHOCTH.

BHOB® <«OTKDHITO» 30J0T0E€ CeyeHWE OBLLIO B cepepuHe
XIX B. B 1855 r. nemenkuit ncciaegosaTesb 30J0TOTO cede-
Husa npodeccop Ieiisunr (1810—1876) ony6auxoBan cBoit
TPYH «3CTeTHYEeCKUe HCCIeNOBAHUA .

OcHoBHAasl MBICJIL COUMHEHUA — pPas3BUTHE 3aKOHA IIPO-
IOPLMOHAJIBLHOCTHY AeseHuA. Ecan meoe npuxoxuTes JeIuTh
Ha HepaBHEIE [0 00BeMY 1 3HAYEHUIO YaCTH, TO 3CTETHYECKOe
BHeYaTIeHUe IIOJYYHTCA B TOM cJydae, KOrJa MeHBILAs
qacTh feJIeHWsd OTHOCUTCHA K Oonbmieil, xax Ooapniasd OTHO-
CHTCH K NeJoMy. JTOT 3aKOH, o MHeHuIo Ileiisunra, 65L1
HU3BECTEH B JPEBHOCTH 110 HA3BAHUEM «30JI0TOT'O CEUSHUA» .
ITe#ABUHT MIIIOCTPUDYET €r0 Ha IIpUMepax, 3aUMCTBOBAHHBIX
U3 PacCMOTPEHMSs YacTeil UeJOoBEeYeCKOIo Tejia M yacTeid
pacTeHMii.

IeitsuHar npojenan KojoccanbHy0 pabory. OH H3MepHa
OKOJIO JIBYX TBHICAY YeJOBEYeCKWX TeJl M IPHUIIE] K BEIBOLY,
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YTO 30JI0TOE CedeHHe BRIPAMKAET CPEAHUIN CTATUCTUYECKHUH
3akoH. JlelleHue Tela TOYKOH Nyma — BaKHeHIMuH noka-
3aTejIb 30JI0TOTO ceueHuA. IIpornopnuu My:KCKOro Tela Ko-
IebaroTca B mpefeiax cpeaHero otHomenusa 13 : 8 = 1,625
U HeCKOJBKO OGimiKe MOAXOAAT K 30JI0TOMY CEUEHUIO, YeM
IPONOPIINY JKEHCKOTI'0 TeJla, B OTHOUIEHUH KOTOPOI'o CpefHee
3HayeHHe HPONOPIUM BHIPAKAETCA B COOTHOIIeHUN 8 : 5 =
=1,6. ¥ HOBOpPOKAEHHOI'O IIPONIOPHUA COCTABJIAET OTHOIIIE-
nnel:1,x13 rgAaM OHa PaBHA 1,6, a x 21 rogy paBHsaeTCA
mysxckoii. Ilpomopoum 30710TOTO ceueHU s IPOABIAIOTCA U B
OTHOILIIEHUM APYI'UX YacTed Tesja — AJWHA Ijeda, IpejIe-
YpA U KUCTH, KMCTHU U HaJNbIEB U T. A.

Ac 38,

CE 62’

AB=—1- H
7

BC _2.

C 5’

BC=DE.

CnpasegauBocTh CcBoell Teopmu [[eiA3MHr HpoBepsas Ha
rpedeckux crarysx. HamGosee moapo6HO 0oH paspaboran
nponopnuu Amnonnona Beassepepckoro. Ilogseprames mc-
CJIefl0BaHUIO IpedecKye Ba3bl, ADXUTEKTYPHbIE COOPYKeHUA
pasJUYHBIX 3II0X, PACTeHW:, KUBOTHBIE, ITUYBM Siina,
MY3BIKAJbHBIE TOHA, CTUXOTBOPHBIE pasMepkhl. llefisunr nan
onpefieleHHe 30JI0TOMY CEYEHHUIO, ITOKa3al, KaK OHO BhIpa-
sKaeTca B OTpesKax IpaMoil n B nuépax. Koraa nmudps,
BBIpasKalolHe JIUHBI OTPE3KOB, GbLIN NoNydeHbl, IleiisuHr
yBHUJeN, YTO OHK COCTABAAIOT pax PuboHauun (31eMeHTEH
uymeoBoil mocnemoBarteneHocru 0, 1, 1, 2, 3, 5, 8, ..., B
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KOTOPOH KayKJABIH IOCHeAyoInui 4ieH paBeH cCyMMe ABYX
OpesbIAYINNX), KOTOPBIA MOYKHO IPOAOJXKATE X0 GecKoHed-
HOCTH B OJHY M B APYryI0o CTOpoHY. Clefyromias ero KHUra
uMesia HasBaHHe «30JI0TOe AesieHHe KAK OCHOBHOM mopdo-
JIOrA4eCKHil 3aKOH B IIPHPOKE M HCKyccTBe». B 1876 r. B
Poccun 6511a n3fasa HeGonbInasi KHMMKKA, TOYTH GpoImopa,
¢ H3joxKeHHueM 3Toro TpyAa IleiisuHra. ABTOp YKPBIICA NOXK
ungpnuanamMu 10.0.B. B sToM M3jaHWM He YOOMSHYTO HH
OJHO IIPOM3BeJEeHNE JKUBOIUCH.

Ilpn u3ydYeHNH aHATOMUU IIOJIE3HO 3HATH 30JI0THIE IIPO-
MOPI{MY B YACTAX TeJa U PHUrype dYelloBeKa, H300paKeHHbIe
Ha pUCYHKe. :

SoJstoTas mpomopnus cobI0AaeTCA B CTPOEHHH JerkKux
YeJI0BeKa, MOKAa3aHa Ha PUCYHKe K OBLIA yCTAHOBJIEHA aMe-
PHUKAHCKHMM €CTECTBOMCILITATENSIMHM BO BpeMA (DH3MKoO-
AHATOMHMYECKHMX HCCIICHOBAHMTIA.

OcobGerHOCTS OPOHXOB, COCTABJIAIOLIUX JIETKHUeE YeJIOBEKa,
38KJIFOYEHA B MX aCHMMeTPUYHOCTH. BpOHXH COCTOAT M3 ABYX
OCHOBHBIX ALIXaTeNbHBIX MyTeil, ONMH U3 KOTOPHIX (JIeBhIi)
ANuHHEe, a APYroii (Ipasklii) Kopode.

BeL10 yeTaHOBIIE€HO, YTO 9T ACHMMETPUYHOCTD IIPOKOJI-
JKaeTcA ¥ B OTBETBJIEHUAX OPOHXOB, BO Beex Gosee MeTKHUX
ABIXaTeJbHBIX NyTaxX. IIpuyeM cooTHOWIEHHE AIUHEL KOPOT-
KUX ¥ JIVHHBLIX OPOHXO0B TAK¥Ke COCTABIAET 30JI0TOE CeUeHHe
u pasuo 1 : 1,618,
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B koune XIX — nauame XX B. II0ABHJIOCH HEMATIO YHUCTO
$OPMANMCTHYECKHX TEOPUHA O IPUMEHEHUH 30JI0TOrO ceve-
HUA B IPOUSBEJCHMUAX UCKYCCTBA U apXUTeKTYypHl. C passu-
THeM QU3ailHa M TeXHUUYEeCKOH BCTeTHKU JeMCTBHe 3aKOHA
30JIOTOFO CeUeHHs PACIIPOCTPAHMIOCH HA KOHCTPYHpOBaHUe
MaIIuH, Mebens U T.A.

Psp ®ubonauun (umcaa 0, 1, 1, 2, 3,5, 8, 13, 21, 34,
55 ¥ T.[.) TAKIKE CBASAH C 30JIO0THIM CeueHHeM: OTHOIIEeHNE
CMEeKHBIX YHcel RANa npubamiKaeTcs K OTHOIIEHHIO 30JI0-
toro Aenenus. Pam PuGoHayum Mor 6bl ocTaThed TOIBKO
MaTeMaTHUYeCKUM Ka3ycoM, eClH OhI He TO 06CTOATENBCTEO,
YTO BCE MCCIeJOBATENH 30JI0TOrO AeJIeHNs B PACTUTEIbHOM 1
SKMBOTHOM MUpe, He TOBOPA yxe 006 HCKyCCTBe, HEM3MEHHO
TIPUXOAUIN K 3TOMY PAAY Kak apudpMeTHIeCKOMY BhIpake-
HUIO 3aKOHA 30JI0TOrO JeJIeHndA.

CoBpeMeHHbIe YUeHble MPOAOJIKAIOT HCIONIL30BATH B
CBOHX TpyJax 30j0Toe ceueHue u yucaa Pubonaydn. dtuMm
sapumaiuck JI. Tuas6epr (1862—1943), }0. Marnsceud
(pox. 1947). Bo3sHEKAIOT M3AIIHbEIE METOABI PEIIEHUS PAAA
KuGepHeTHYECKUX 3a/ia4 (TeopHH IIOMCKA, UIp, MpOrpam-
MHPOBAHHMS) C MCIOJb30BAHUEM UHCEN PuGoHAYYIH U 30J0-
roro ceuenus. B CIIIA coszaerca maxe MaTemMaTudecKas
Ddubonavum-acconuanusd, roropas ¢ 1963 r. Bemyckaer
CHeIMANBLHEIN XKYyPHAI.

DakTHl, MOATBEP)KJAAIOIINEe CYIIeCTBOBAHME 30JOTBHIX
S-ceuenuii B IpUpOJe, TPUBOAUT GENOPYCCKUI ydeHBIN
5.M. Copoxo B kHure « CTDYKTYDHAS 'aDMOHIA CHCTEM» . Jro
TI03BOJIMIIO ABTOPY BHIABHHYTH I'IIIOTE3Y O TOM, UTO 30JI0THIE
S-cedeHUA eCTh YHACIOBLIE HHBAPMAHTLI CAMOOPTaHU3YIOINX-
¢ cHCTeM. ByAyuu HOATBEPKAEHHOW 3KCIEepHMEHTAIBHO,
3Ta FHITOTE3a MOMKeET UMETh PyHAaAMEHTATbHOE 3HAYeHe JUIA
DasSBUTHA CUHEPreTUKN — HOBOH 006J1aCTH HAYKM, UBYIalo-
mieii mponeccsl B CAMOOPTAaHU3YIOIIAXCA CUCTeMaX.

C moMOINBI0 KOJOR 30JI0TOH S-IPONOPIUK MOYXHO BEIPa-
3UTH JI060€ AefiCTBUTEIbHOE YHCIO B BUAE CYMMEI CTeleHeH
30JI0THIX S-IPOIOPHUI C IeJbIMH Ko urnueHTaMm.

1 B pacTUTeNbHOM, ¥ B JKMBOTHOM MHDE HACTOHINBO
npo6uBaerca ¢opMooGpasyroIlad TeHAEHIUA NPUPOABI —
CIMMETpPHS OTHOCUTENHHO HAIIPaBIeHUA POCTA M ABHIKEHHA.
3xech 30JI0TOE CeUYEHUE MTPOABIAETCA B IPOMOPIUAX yacreit
TepneHAUKYIAPHO K HANPaBJIeHUIO POCTa.
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ITpupoaa ocymecTBuIa feJieHHEe Ha CUMMeTPHYHEIE YaCTH
1 30JI0THIE NPOIIOPHUH. B 4acTsax IpodBiseTcs MOBTOpeRUe
CTPOEHMS IeJIOro.

Bemuxnii I'ére (1749—-1832), mosT, ecTeCTBOUCILITATENE
1 XYIOKHHUK (OH PHMCOBAN M NMCAJ aKBAPEIbI0), MEUTAN O
CO3TaHHY eAUHOTO y4eHuda o dopme, 06pa3oBaHUN M Ipe-
00pa3oBaHMM OPraHWYECKUX TeJN. DTO OH BBeJ B HAYYHBIN
obuxon TepMuUH «MOPGONOrHA» — HAYKA O GopMe H CTPO-
CHUY OPTaHH3MOB.

IIvep Kiopu (1859—1906) B Hauane XX cronmetus cdop-
MYJIUPOBAJ PAX TIyGoKUX uieit cumMMeTpuu. OH yTBEPIKAAT,
4TO HEJb3sA PACCMAaTPHUBATh CHMMETPHIO KaKoro-iambo Teina,
He YUYWTHIBAsd CHMMETDHIO OKpYXKalolleil cpenbl. 3aKoHO-
MEPHOCTH «30JI0TO#» CHUMMETDHH IPOABJSIOTCA B JHepre-
THYECKUX [ePeXofaxX 3JeMeHTAapPHBIX YACTHUIl, B CTPOEHHU
HEKOTOPBIX XMMWYECKHX COeJUHEHMH, B IIJAHETADHBIX M
KOCMHYECKHX CHCTEMAaX, B PeHHBIX CTPYKTYPaX >KUBBIX Op-
raHN3MOB. OTH 3aKOHOMEDHOCTH, KAK YKa3aHO BHIIIE, eCTh
B CTPOEHUM OT/EJbHBLIX OPTaHOB YeJOBEKa U Teja B LeJoM,
8 TaKiKe NPOABIAIOTCA B GMOPUTMAX B QYHKIMOHUDPOBAHUU
FOJIOBHOI'O MO3Ta U 3PHUTEIHLHOr0 BOCIPUATHA.

3010TOE CedueHMe HeMb3s paccMaTPUBATEH caMo 1o cebe,
OTAEeNBbHO, 0e3 cBA3M ¢ cuMMerpueit. Benukwuit pycckuii
Kkpucrannorpad I'.B. Byasd (1863—1925) cauran zonoroe
ceYeHHue ONHHM H3 IIPOABJIEHUM CHMMETDHH.

30710T0e AemeHMe — BTO He IPOSBIEHUE ACUMMETDPHH,
4ero-To NPOTHBONONOXKHOrO cuMMerpuu. CoruiacHo cospe-
MEHHBIM IIPe/ICTABICHUAAM 30JI0TOE JeJIeHHEe — 3TO acHMMe-
TPUYHASA CUMMeTpHUA. B HayKy o cuMMeTpUn BOINIH Takue
NMOHATHSA, KAK CTATUYECKAs M AMHAMUYeCKas CUMMETDHd.
CraTHueckas CHMMeETPUS XapaKTepH3yeT IOKOii, paBHOBe-
cue, a JUHAMUYeCKas — JBMKeHHe, pocT. Tak, B npupoge
CTATHYECKasd CUMMETPHUA IIPejCTaBJIeHAa CTPOCHHEM KpH-
CTaJJIOB, & B MCKYCCTBe XapaKTepu3yeT IMOKOI, paBHOBECHE
1 HENOABHIKHOCTh. JluHaMUYecKad CHMMETDPUS BBHIPAXKaer
AKTHUBHOCTH, XapaKTepuayeT JBH’KeHUE, Da3BUTHE, DUTM,
OHa — CBHURETENbCTBO XM3pu. CraTuyecKoil cHMMeTpPHH
CBOMCTBEHHBI DaBHEIC OTPe3KH, DABHEIE BeIUUNHEL. luHaMu-
YeCKO CHMMEeTpHY CBOMCTBEHHO yBeIUUeHNe OTPE3KOB MK
UX YMeHbIlIeHNe, ¥ OHO BRIPA’KAeTCA B BeJIUMYMHAX 30JI0TOTO
CeYeHUA BO3PACTAIONIEr0 UIH yOBIBAIOIIEro pAna.
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O dyHKUNAX M UX CBOHCTBAX

ITonaTme PyHKIMUM BO3HHKJIO B MATEMATHKE CPAaBHH-
TEeJBHO HeZaBHO. Jida TOro 4TOOBI HPUHTH K ITOHUMAHMIO
11eJ1eCO0OPASHOCTH €r0 BBEJEHMA M IIOJYyYHUTH HepBble J0-]
CTaATOYHO YeTKHe OolpelesieHNdA, IOTPeGOBANNCH YCUIHS
NMEePBOKJACCHHEIX MAaTEMaTHKOB HECKOJLKHX IIOKOJEeHMI.]
PeponronuoHHbIe M3MEHEHU B MATEMATHKE, TPOUCIICAIIINE B
XVII cronerun, BHI3BaHLI paGOTAMY MHOTHMX YUEGHEIX, Ipe]-
CTABJIAIOIIMX Pa3NUYHble CTPAHHL 1 Hapoxsl. Ho B mepsyio
ouepexns —#aro sacryra I1. depma (1601-1665), P. Hexapra!
(1596—-1650), U. Hriorona (1643—-1727), I'.B. Jleii6aumna
(1646-1716).

Heo6xoguMble npeAnochIIKN K BOSHHKHOBEHHUIO TOHA-
THA QyHKIUH 66LTH cosgaHsl B 30-x rogax XVII B., xorxa,
BOSHMKJI aHATATHYECKAA I¢OMETPHSA, XapaKTePU3YIOLIAACH, §
B OTJIMYHE OT KJIACCHYEeCKHMX METOJOB reoMerpoB JIpesHeit
I'penud, aKTUBHBIM LIPUBJICUCHHEM AJNTe6PLEI K DeINeHHIO
reoMeTpudeckux sajgad. (Pemasa sagaym mo reomMeTpum
KOODAWHATHBEIM METOAOM, BHI, II0 CYIUECTBY, WOJb3yeTech
MeTogaMH aHAIUTHIECKOR reoMerpun.) IIpaxkTudecku of-
HOBpeMeHHO (M He3aBHCHMO ADYT OT Apyra) dpaHIy3cKHe
maremaruku II. ®epma u P. Jexapr saMeTHIH, YTO BBefe- |
HUe CHCTeMBl KOODAMHAT HA ILIOCKOCTH M 3aJaHUs GUryp
WX YPaBHEHUAMH IO3BOJSIOT CBECTY MHOTHME 3aJadl reoMe- |
TPUM K WCCIEJOBAHNIO YPABHEHHMI reOMETPHUYECKHEX (DUTYD.
B gecrs Jlexapra, JaBiiero passepHyTOe H3I0XKeHHe HOBOTO
merona B KEMrax «['eomerpusi» # «Paccyxjerane o Meroae»,
IPAMOYTOJNBHAA CHCTEMA KOOPAWHAT NNo3Hee Obiia HA3BaHA
AexapToBoii. CTOUT 3aMeTUTh, YTO OXHOBPEMEHHO GopMupo-
BaJach 1 ajre0pa, CO34aBAIOCh «OYKBEHHOE HCUMCICHHE»,
TO caMoe, ¢ IOMOLIbI0 KOTOPOro ceiiuac BHINOJXHSAIOTCSH
npeobpasoBaHUA anreGpaMvyecKUX BhIPasKeHHUH, perIajoTcs
YPaBHEHUA, TEKCTOBBIE 3aJaYHd U T. A.

CaMm TepMHH «(pyHKIUsS» BIEpPBbIE BCTPEUYAeTCA B PYy-
KONIMCH BEJIHMKOTro HEMEIKOro MaTeMaTHKa H QuiIocoda
T. Jleiibruna — cHauana B pyxkonucy (1673 r.), a satem u
B rreqarn (1692 r.). Jlatunckoe cioso function nepesogurca
KAaK «CBepINeHMe», <«HCIOoNHEeHWe» (ryaroj fungor . nepe-
BOAHUTCA TaK)Ke CJIOBOM «BBIpa)xkaTh»). JlelOHUL BBea 3TO
MOHATHE AJA Ha3BaHUSA Pa3JIMIHLIX IaPAMETPOB, CBA3aHHAIX
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¢ 1OJIO’KeHNEeM TOYKH Ha IIJIOCKOCTH. B XoZe IepenucKu
I'. JleiOHUL 1 er0 yUYeHHK -— IIBeIapCKHil MaTeMaTHK
U. Bepuynaun (1667—-1748) mocreneHHO HPUXOAAT K IIO-
HUWMaHHI QYHKIOHUN KaK aHAJUTHYECKOI'O BBIPDAXKEHHUA U B
{1718 r. gaer Takoe onpefieneHue: «PyHKIuel nepeMeHHOM
WOJIMYKMHBL HA3bIBAeTCA KOJHYECTBO, COCTABICHHOE KAKHM
yIOJHO ¢iocoGoM U3 3TOH IepeMeHHOM ¥ IOCTOAHHBIX ».
JL. Diinep (1707—1783) B cBoeit xuure «Beefenue B aHa-
nuiay (1748 r.) dopmynuporan onpegenenue GYHKIUN Tak:
o DYHKIIUA TEePEMEHHOr0 KOJIUYECTBA €CTh AHANUTHUYECKOE
nulpakeHre, COCTABICHHOE KAKMM-IU00 c1ocofoM U3 3TOTO
11epeMeHHOT0 KOJMYEeCTBa UM YHCeJ MM IIOCTOSHHBIX KOJM-
veeTB». Jilylep Ke BBEI M IPUHATHIE ceffuac obo3HayeHUA
g QyHKIHMIA.
CoBpeMeHHOE olIpefieIeHHe YNCI0BOH GYHKIUHA, B KOTO-
POM 3TO TIOHSTHE Y’Ke 0CBOBOKIAIOCH OT cnocoba 3alaHud,
OLIIO JaHO HE3aBUCHMO APYT OT APYyra PYCCKUM MaTeMaTH-
koM H. K. JloGauesckum (1792—1856) 5 1834 r. u HeMeKUM
matemaruroM JI. Tupuxie (1805~1859) B 1837 r. OcHoBHAA
ujies 3TUX ONpeJeJIeHNH 3aKJII0Yalach B CleYVIOIIeM: Hecy-
111eCTBeHHO, KaKUM 00pa3oM (1 B 4aCTHOCTH, He00A3aTeIbHO
° nyTeM sajaHMs aHAIWTHYECKOTO BHIPAKEHHA) KaKIOMY
X TIOCTaBJIEHO B COOTBETCTBHUE ONpelefieHHOe 3HaUYeHHe Y,
HAXKHO TOJBKO, 9TO 3TO COOTBETCTBHE YCTAHOBJIEHO.
CospeMeHHOEe NOHATHE QPYHKIHM C IPOU3BOJLHEIMHA
06JacTAMHK OIpeAeseHNA U 3HAUYCHUN (HeoOsa3aTeJIbHO JHC-
JNoBeIME) copMEpPOBANOCH, IO CYIIECTBY, COBCEM HeXaBHO,
B [IepBOH ITOJIOBMHE IPOIIIOTO CTOJETHsS, nocie pafor co-
spaTens Teopun MmHOKecTB I'. Kanropa (1845—1918).
K momsaruro dbyHknum maTeMaTHKH IIPHIILIHA, OTIPAB-
JsIICh OT KOHKPETHHIX M TPYAHBIX 3aJa4 MAaTeMaTHKH H ee
NPUICKEHH. ITO IPONCXOAMIIO B IpoLecce CO3TAHNA HOBOT'O
MOLIHOrO anmapara “cciaef0BaHUl — MHTErpajJbHOro u Jud-
(hepeHINANBHOTO HCUKCIeHNH. OTKPBITHE HHTErPaIbHOrO U
JuddepeHIUaNbHOTO HCUMCIEHUNA, IEHTPAIbHBIM HOHATHEM
KOTOpHIX Jiinep npososriacuia GyHKIuio («Becs ananmmns Gec-
KOHEUHOI'Q BPAIlaeTCA BOKPYT NepeMEeHHbIX KOJIMYECTB U UX
byHKIIMI»), pe3KO PACITHPHUIIO BOSMOMKHOCTH MAaTeMaTHUKH,
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PA3JIEN 2

(A AR NN NN ¥

Jnifciepenymanchoe n WHTEIANbHOE
UCCTIeHM

Tema 2.1, fpenen thyxkuun B Touke.
PackpeiTe neonpegenexHnocT Buga

0) TepmuHbl

e [Ipeaen dyuxmuu B Touxe
* OcHOBHEIE CBOHCTEA NPELEIOR

e o}
L HGOHPEIIGJIGHHOCTL Buga —
x

OCHOBHbIE NOHATUA

Onpenéneuue npegena dyHKymun

Ilycrs dynruua f(x) onpenenena Ha HEKOTOPOM HHTEp-
Baie (a, b), xpome, GBITL MOXKET, TOUKH x, €(a, b). Yucno A
Ha3bIBaeTCA NnpenesoM GyHKUuM f(x) B Touke x,, T.e.

A = lim f(x),
x->xo
ectn Ve>0338= 8() >0: Vx € (a, b), ynosirersopaomux

YCIOBHIO
lx-x] < ,x#x =|flx)- Al <«
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Atgummmommesesmcsmnnaoa
i
]
¥
1
4 :
A-gdemmcaaa - '
1 I
p— H H »
— T =T T o
a X, b x

Yucno A nasvieaemca npedenom Qynryuu f(x)
npu x, cmpemauiemcs ¥ a, ecru dan n1w06ozo wucaa € >0
eywecmeyem maxoe wucno § > 0, wmo dna écex x # a,
yPoeremeopaowux ycnosuro |x — a| < 5, umeem mecmo
Nepasencmso |f(x) — Al <e.

O6o3Ha9aioT 3T0 TAK:

lin‘ll f(x)= A, unu f(x) - A opu x - a.
x—

Uncno A HasbIBaeTcA npegenoM GyHKUuR f(x) mpu x
OTpeMAIIeMCcs K 00, eCJI¥ JJIA JIo0oro uncia £ > 0 cymecTsy-
oT TaKoe IIOJIOMKHUTEIbLHOe Yucao N, 4To AJsd BcexX X, yAOB-
#OTBOPSIOIMX yCIOBHIO [x| > N, MMeeT MeCTo HepaBeHCTBO
INx) - Al<e.

O603HayaT 3T0 TaK:

lim f(x) = A unu f(x) > A npu x — .
X—w

Teopema. (IIpaBrio 3aMeHBI HepeMeHHO)
Ecau cymectsylor lim f(x) = yy, f(x) = y, V x = X, H
I—)xo

lim F(y), To npu x - X, CYyLIECTBYET NpeJesa CIOXHOM
VY

dyrxnuu F[f(x)] n xli_)rgo Flf(x)] = Jim F(y).

Cso#icTBa npeaenos qiyHKUMH

ITycrs Bece dysarmmu, paccMaTpuBaeMble HUMeE, OTpejele-
1Bl Ha MHTepBaXe (a, b), KpoMe, GBITE MOKeT, PUKCHPOBAH-
HO#l TOYKH X, € (a, b). Torna BepHEI cieAyiomue cBOACTRA:

1. DyHKIUA He MOMKET WMETH ABYX PA3HBIX IPEAENOB B
OXHOM TOUKe, T.e. eCJIH Ipejies CYIIECTBYET, TO OH e1H-
CTBEHHBII,
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N

. Ecan <p @) <fE<y(x)u
= lim ¢(x) = 11m y(x) = hm f(x) =

XXy

. Ecin f(x)=C (const) = hm f(x) = f(x)=C ,T. €. Ipefel

MOCTOAHHOYM BEJUYHHEI PABEH CaMO¥l MOCTOAHHOM.

.Ecamz lim f(x) cyutecrsyer u YC — const, To

X=Xy

lim C- f('x) =C- hm f(x), T. e. IOCTOAHHOE YHUCIO
x—x

MOKXHO BBIHECTH 34 3HAK IpejaeJa.

.Ecnu cyiiecTBylOT KOHeuHBbIe Hmpenensl lim f(x) u
x—xg

lim g(x), rorga lim [f(x) + g(x)] = lim f(x) + lim g(x),
x5 X—>xy X%y X

T. €. IpefieJI CYMMBI KOHEUHOTro umcia GyHKIUH paBeH
CyMMe TIpefieJIOB 3TUX QYHKIIHHA. ITO CBOMCTBO cIipaBe-
JWBO U AJI Pa3HOCTH.

. Ecnu cymiecTByioT KoHeuHBIe Hpefgedsl lim f(x) u
X—x

lim g(x), Torma hm [f(x) g(x)] = lim f(x)- lim g(x),
X% x> %, x>x,
T. €. IpeJe] OpoU3BeJeHUd KOHEYHOro 4ncia GpyHKIUt
paBeH HpPOM3BeJeHUIO IPeAesIOB 3TUX (HYHKIMIL.

. Ecau cymecTByloT KoHeuHble mpefednl lim f(x) m
XXy

i) lim f(x)
hT_i(ox) u th g(x) # 0, 'roxll)nxl0 2 11m ek

Tpejies OTHOLICHUS ABYX QYHKIuiI paBeH OTHOLIEHUIO
npefesoB 3TUX QYHKIIUH, eCIH 3TH IpeAebl CYIIeCTBY-
0T ¥ 3HAMEHATeJb OTJIUYEeH OT HYJd.

. g HenpepsIBHON GYHKIINK MOYKHO II€PECTABJIATE 3HAK

mpefesia U 3HaK PYHKIHIU:
lim f (g(x)) = f(lim g(x)) :
x-=a x—a

Kax wacTuplil ciy4uaii — ecnu pyHxnus f(x) uMmeer mpe-

n
Aen mpu x—a, To lim (f(x))" = (lim f(x)) , Tle n — HaTy-
x->a x—a

pajJdbHOE IYNCJIO.
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Bce 3TH CBOICTBA JOKA3HIBAIOTCA OXUHAKOBBIM METOKOM,
OCHOBAHHEIM HA COOTBETCTBYIOIIUX CBOMCTBAX NPEAesIOB HO-
enemoBaTensHocTeil. [l AOKa3aTeJbCTBA BTHUX CBOMNCTB
UCIIOJIB3YIOTCA HOHATHA OECKOHEUHO MAJILIX M 6eCKOHEeYHO
Gonbmux GyHKIMIA,

beckoHeuHo manbie U 6eckoHewHo Gonbiune hyHKUMM

Dynxyus o = ax) nasvieaemca Geckoneuno manoii
¢ynryuel (uru npocmo Geckornewno manoii) npu x — x,,

ecau lim a(x) = 0, m.e. dna n106020 wucna ¢ >0 cyue-
XX,
cmeéyem maxoe wucno § >0, umo dxa écex x, ydosnemeo-
priowux nepasencmey 0 < |x — a| <5, umeem mecmo me-
pasencmeo f;(x)l <e.
Beckoneuno Manbie QYHKIMH 06JaJaI0T CHEAYIOIIMMHE
OCHOBHRIMH CBOMCTBAMM:

1. Ecnu pyrxuun a,(x) u a,(x) ABasioTca GeckoHedHO Ma-
JEIMH, TO QYHKIASA a,(x) + o,(x) TaKKe ecTh GeCKOHETHO
manas anrebpauyeckas cymma KOHEYHOI'0 umciia 6ecKo-
HEYHO MAaJBIX, ONpefejieHHas Ha o0IlieM MHOKeCTBe, eCTh
BeJINYNHa 6eCKOHEYHO MaNad IpH X — X,.

2. ITpon3BefieHNe OrpaHMYEHHON NpH x—a QPYHKIUMH HA
6ECKOHEUHO MAJYIO eCTh PYHKINA OeCKOHEUHO MaJasd.

3. IIpon3Befenre NOCTOAHHOM HA 6ECKOHEUHO MANYIO €CTh
byHKIINA OeCKOHEYHO MaJiad.

4. ITponssenenre ABYX GECKOHEYHO MAJLIX €CTh QYHKITHUS
0eCKOHEYHO MaJasd.

5. Ecnu B dynxnun [a(x))® — (n — menas moXosKuTexbHAS
cTeneHs) ox) — OeCKOHETHO MaJias, TOrAa ¥ [a (x)]* — Gec-
KOHEYHO MAJIas.

6. Orromernusa AByx Geckomedno Maxeix o(x) - 0,

xx,

o

B(x) - 0, E(i) — MOKeT OBITh QYHKIHUA HPOUIBOJE-

HOro nmomegenusa. Ho ¢ momoigpio gedcTBUA JelieHUS
MOXHO CPAaBHWUTH MEXAY co00# GeCKOHEUYHO Majble.
Hanee paccMoTpersl 6eCKOHeYHO GoJibmue GYHKIUM.

v
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Dyaruua f = f(x) HaseIBaeTcA 6ECKOHEUYHO OOJb-
WO# NpH X —> X, ecanm Ve > 03 3§ = 8(e) > O: lf(x)l > g,
vx i lx —xyl <8, x <x,.
B srom cayuae 6yxem nucarh lim f(x) = «.

X=Xy

Eciu Ve >03 8 : f(x) >¢ (f(x) <— &) Vx : | x—x,] < §,
x#xy= lim f(x) = 4+, limf(x) = .
X=Xy (x—xy)

Dynryus f(x) Hasvieaemcea Heckonetro 6oavuLoil npu
x—a, ecru Hm f(x) = o, m.e. dna nwbozo wucna M >0
cywecmeéyem maxoe wucno § >0, x-—>a, wmo 0xa acex x,
ydoenemeoparowux nepasencmey 0 <|x — a| <3, umeem
mecmo nepaeencmeo |f(x) > M.

3ameuanue. Benmuunna, obparHas GeCKOHEYHO MAJIOH,
sABAseTCs 6eCKOHEYHO GOJBIIOH.

Becxoneuno Gonnurine GpyHKIUY 00J1a4ai0T CAEAYIOIINMHI
OCHOBHBIMU CBOICTBAMM:

1. Ecnu dysxnusa of(x) GeckoHeyHo Goabmad, To 1/0(x)
ecTh OECKOHEUHO MaJas.
2. Ecan ¢pyHKIMA o (x) 6eCKOHEYHO Maiasd U He 00paiaeTcs

B HYJb, To 1/0(x) ecTs GecKOHETHO GONBIIASA. |

B pansueiiimeM 6yfeM MCHOJIL30OBATh CHMBOIMYECKHE
3aMKCcH AJA JII0O0T0 YHCaIa

a a a a
a>0; — = , —==0, —=0w , — =0,
+0 -0 0 +00 |
a a |
—=-0, —=0. :
-0 a0

a (%), B (x) — GeckoHEYHO Majble IPU X —> X, AMEIOT OJH-
HAKOBBIH IIOPAJOK, €CJIM HUX OTHOIIEHWe MMeeT KOHEUHBIH

. . ofx
npefen, OTJIMYHBIH OT Hy I, T.e lim —Q = K # 0.IIopsnok
x—x B(x

OecxoHeyHO MaJiol B (x) Beilre MopsaKa OeCKOHEYHO Ma-

. B(x)
J0# o(X), €CaH OTHOIIEHHE -—— eCTh OECKOHEUHO Ma-
afx)
. x
70e IpH X —> X, T.e. lim E(—)— =0.
x—xq 0 x)

B srom cnyuae mumyT B(x) =0 [a(x)] npu x — x,.
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Beckoneuno manas B(x) umeer IIpejes n OTHOCHUTEh-
HO GeCKOHeYHO Mayo# a(x) mpu x — X,, €CIHu

lim & =K =#0.
=% @™ (x) '

Y
2\ \Z

Ne 46.

3ananua
ANnA CamocToATenbHoM pabotel

. x2+5x+1
Beruncaute npegen lim —————.
o0 X' —x+2

Pewenue:
1+ 3 + 1
. 22 +5x+1 o] x 22
lim————=|—|=lim 19 =1,
x>0 X7 —x+2 2] x-—)ool___+__
X xz
: T*‘KKaK—5-—>0; iz—>0; l—>0, %—)Onpnx—)oo.
x x x x
; Orger: 1.
Ne 47.
Brrunciure npenessr:
: Bapuanr 1.
x*-3x-8 Tx% +8x -3
) lim ———; 6) lim ———————.
)x——>—oo xz—x...l )xglolo5x3—2x2+4
Bapuant 2. ;
2x% +5x -1 x® - 4x* +13
W lim ST ) lim S +18
)xl‘l’l"l" 3z -x-5 )xl—galo4x4—8x2+x5
Bapuanr 3.
2 3., .2
x“~bBx+3 2x% +x° +1
W lim —————; 6) lim ——.
xoex? - 12x + 2 oo x3 - 5x
Bapuanr 4.
2x%+x-13 3 _ By
lim ——— =%, . )
") e 221 x-21° 6)}ﬂx3—4x2—5x
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a) lim ——————
xl—l»{-loxz—Sx+1

Bapmuanr 6.
2
x“-bx+3
a) lim————;
) imT 7 g
#
Bapuanr 7.
2
8) lim 3x° +x- 3
x—>w6 X — 2x

Bapuanr 8.

i 212
m—t 12
a) hm o 10’

Bapuanr 9.

a) i x3 -7
Im-——s——",
x—»wx3 +2x-5

Bapnanr 10.

a) lim 5+11x + 3x°

Bapuanr 11.

a) 1i 3x? - 5x 4:
ioe 2 —x-1°

Bapuanr 12.

a) |
xﬁg 202 +x -2

Bapuasnr 13.

x> 3JC +x +1

4x2+6x+3.

3x% —4x* +1
10 2%° + 3x° x"

6) lim

6) Ii 2x% + 2x + 1
fom A% —x+2

4x®> +x+3
6) im ————
)xl—{g—4+x+2x

4-3x+x8
6 ZTerTAr
)il—g:lon +5x-8

61 4x* +8x -1
sowbx0 —8x2 -3

6) 1im 2 P -4x"+8
2000 820 + 222 +1

3x+1
0)1 —
)xﬁ 3x2+x+4

2x+1
6)1
)xlfi 262 +x-3

3x2-5x+4
6) lim 5t~
x—m0 X°-x+1
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Bapuanr 14.

W) i 3x - x? +1
im—= =
xr)raloxz—2x 3’

BnpnaHT 15.
x?-2¢x-3

n) lim ———

LY 2x +Bx + 1 5

Bapuanr 16.

ol 3x2-2x-5
1m————'
xXm x ~4x+8

Bapuanr 17,

W 1 1-x-x°
im —————
w322 +8x -1
Bapuanr 18.

x3 -2

150 5x% —dx ~ 7

- a) lim

Bapuanr 19.

0 1i X +2x-1
xl—{l;lo 5—x3 ’

Bapuant 20,

2x2 + 5x — 1.
a) lim

x—>m3x +11x+2

BapnaHT 21.

I x2 - 8x - 1
a)x];{gxz—x 4

Bapuant 22.

a) lim

2x2+5x—4.
x—o 3x2—x+8 ’

6) lim 2%% +x - 4
x—-)003+x 4x

2x% - 2x +1
6) lim 1~
x—>oo3x +4x + 2

3x+4
6) lim — =
x—-»oo2x +5x -1

611 3xt - 2x+1
iowbx® — T2 2

8x% -3x2+9
6)1 —
)x]fc}ozx +2x% +5

7x% +8x -3
6) lim ————x+’; .
x——>°05x 2x° + 4

&) lim x° —4x* +13
)xl—>w4x - 8x2 4+ x%°
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Bapuant 23.
x? - 5x+10

lim —————— .
a) M ex+10°

BapuanT 24.

22 +x -1
a) lim ————~;

Bapuanr 25.
x?-6x+1 .

a) }ﬂx2—8x+2’

Bapuanr 26.

a) 1i x2—5x+1.
xggo x2—3 ’

Bapuaur 27.

Bapunanr 28.

i x®-10
2) xgxolo5x3 -4x+21°

Bapnéurr 29.

I x3 -7
m————;
a oo x?+2x -4

Bapuanr 30.

i 1+11x +3x°
) s r 2t 411

Bapuanr 31.

. 8x?-4x-1
a) lim ————

xom 2x2—x—9 ?
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2x% + 22 +1
X0 x3 - Bx

6) lim

o 1 x? - bx
) xl—{gx3—4x2~5x'

6 I 3x° —4x? +1
1 ——————— .
x—{Iolo 2x5% +3x% — x

6 i 2x% +2x +1
) M xe2

o 1 4x® +x+3
im ———————,
)xl?o-4+x+2x2

4-3x+x2
6) lim ————.
) xﬂ?o2x3+5x-3

i 4x* +8x -1
m—————,
6) x]-'—mo 5x% - 8x% -3

o i 9x% - 4x% + 8
)xgr;3x5+2x2+1.

. 2x% ~8x+1
) jm 3x2+x+4°




Bapuaur 32. !

) lim 4x +3x+3 6 I 22 2x+1

Bapuanr 33.

W i 2x* ~9x+4 6 lim 3x% - 5x+4
T m—5,
e x> _-5x+2° x990 x2-x+1

|
Bapuanr 34. . ‘ j

4 3x-x%+1 L 2% +x-4 i
: ) llm—z————— 6) im ——m— 1

|
\~ xow x” —2x -5’ oo 3+ x—4x% " ’

‘ |
Bapuaur 35. f
|

2 3x% +5x+4 i

n) hm__u 6) lim ——5—— i
xo0 2x% +5x + 3 oo 2¢2 — x4 2 . ;

|

BapuanT 36. ;

3x% - 2x - 11 X2 - 2x+1 ;
R _4x+6 6) lim ——5—— it

a) lim
‘ x>0 3x +4x+2° i {‘

oo x2—4x+6

Bapuanr 37. A

) lim 4-x—x? 6 i 3xt+x%+1
e Y im—a—.
2 oo 3x% + 8x — 4 o0 2xt — x4+ 2
Bapnan'r38.
lim 2% -11 6 li x —3x+4
— jm =X+ %
8) 5 _dx_ 2 ) o +5x-1
Bapuanr 39.
2 4
x°+2x -7 3x* -2x+1
a) lim —————; 6) lim —————.
) im )x—->m5x —Txi_2

Bapuaur 40.

2 2x* +5x -1 6 1 x® -3x2+9
bm e i1er 2 xll?ozx +2x2+5
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Bonpocki no teme

1. JTaiiTe onpepenenue npeaena QyHKIUN,

2. TlepeuncauTe OCHOBHBIE CBONCTBA IpefesioB PyHKIWMIL.

3. Kakue BaM u3BeCTHHI IPHUEMbI BLIUWCIEHUS IIPeAeJOB
GyHRIMHA?

4. Kaxue BaM M3BECTHBI CIIOCOOBI PACKPLITHA HEOIIpelesieH-

oo
HOCTH BMAA [—} ?
[e 8}

5. PagbAcHUTEe NOHATHA «0eCKOHEUHO Manasi PyRKIug»,
«BecxkoHeuno Oonbpiuast GYHKIUA».

Tema 2.2. PackpbiTie HeonpeaeneHHocTy
Buaa {%} . MepBblil 3ameyarenbHblii npegen

@) TepmuHbl

5|
o HeonpegeneHHOCTE BUAA 0

« [lepBriil 3aMedaTeNbHBIA Ipeges
« Bropoii 3aMedaTeNbHbIl IIpefe

Sz

&

OCHOBHBIE NOHATUA

MepBbiii 3ameyarenbHblil npeaen

IIpemen oTHOmEHUs cHHYcA OECKOHEYHO MaJOi AYTd K
caMmoii yre, BEIDAKEHHON B pajuaHax, paBeH eJUHUIE,
. sinx .
lim =1.
x>0 X
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Bropoii 3ameyarensHbidl npegen. (Yucno e)

1 n
ITocnemoBaTenLHOCTE (1 +—| wuMeeT mpejen, 3aKJio-
n

WeHHBIH Mexnay 2 u 3.
1 x
MoxHO noKasars, 4T0 QYyHKOUA Y = [1 + -—) .
x

x € (—o, —=1) U (0, + ) Opu x — o CTPEMHTCA K €:

1 x
e=lim (l + —J .
x>0 X 1
Oyers —=a (a>-1) , Torga e=lim(l+a)e wmm.
X a—0

1
lin(1)(1 +x)* =e, rae e=2,7182818284... .
x>

IIpu onpenenennn npejena HeKOTOPO# QyHKIMH, 3a8aH-
HOM aHANUTWIECKM, OPU X —> @ MIH X —> 00, +00, —00, npu
¢bopmanbHO# NOACTAHOBKE BTOI BeJMYUHH B KadecTBe ap-
, TyMeHTa B GOPMyJy MOKHO NOAYIHUTH HEOIpeAeIeHHOCTH

0 o
wta 2, 2, 0w, 0o, %, 07w 17,
m .

B atom cryuae Hesb3s CYAUTS O CYLMIECTBOBAHMM Ipeesa
¥ UCIIONB3YIOT HEKOTOPhIE IPHEMEL IJIsl PACKDHITHA Heolpe-
aenennocty. Hanpumep, coxpamenne apobu, yMHOKeHHe Ha
CONIPSIKEHHOE BHIPAXKEHUE, HCIIOIL30BaAHNe 3aMeUaTe IbHEIX
IpezieNoB U T.A.

it 3ananua
@\\ﬁ‘# ANA camocToATeNbHOM paboTwl
2x% - 3x-2

Nz 48. Briuncaure npeses lim —
*>23x% ~4x -4

2x% - 3x -2 [0}

Pewenue: lim 3

Cxo28x2 —4x -4
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1
20x + =) x-2)
=lim ——2 = lim 2x+1

x—2 3(x+§)(x_2) -2 3x + 2

_5
=

IIpexBapuTenLHO pa3IoKUM YHCAUTEN: M 3HAMEHATEIDb |
mo dopmyne ax? +bx +c=a (x - x;) (x — x,), TAe X, U X, —
KOPHU KBaJPATHOTO TpeXdJieHa.

Omeem: a) —.
g
Ne 49. Berunciaurte mpegeist:

23
~-38x-2

Bapuanr 1. hm 3 8x .
-1 x°—-x-2

B 2. lim 22 +5x -7
apuant 2. iy e

BapnaHT 3. lim _'E——5xji
x—2 x -12x+20

Bapuasr 4. lim 2x_+£_3
ol XX +x -2

Ba 5. lim x2-6x+8
n X -6x+8
PHaRT . I Y —8x+12°

Bapuanr 6. 1imx—%—5—3i6- .
N x-»3 x°“-9
Bapuanr 7. lim ﬁt—&c——? .
» x5-3-3+2x+x
x® -1
Bapwanr 8. lim e 1"
x3 -8

Bapmanr 9. lim ———
P 3% + 2% -8

6 +11x + 3x2

Bapuanr 10. — 5 <
P xlin—% 3x° + 242 +1 '
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BapuanT 11

BapuanTt 12. ]
Bapnant 13.
Bapuanr 14. |j
Bapuanr 15. i
Bapuanr 16.
Bapuanrt 17. |
Bapuagr 18. |
Bapuanr 19.
Bapuant 20. |
BapuasnTt 21. lim
Bapunanr 22.
Bapuant 23. |

BapuanTt 24. lim

5. 3ak. 475

. 3x%-5x-2
Cdim—————-
=2 2x“ -x-6
4x? +Tx+3
im —————-
xo-1 2x“ +x -1
_‘2x2—9x+9
lim——————-
=3 x°-bx+6
3x-x2+4
m—————-
ro4x* ~2x -8
. x?2-2x-8
m_— - -
x—>-22x° +Dbx + 2
3x2-2x-1
2 _4x+3
. 6-x—x°
m e e o
x—-33x“ +8x -3

. -1
im—a—-
x—15x° -4x -1
222 +2x-8
g-x3
2x2 +5x -3
m = 1.
x—>-33x“ +11x+6
x-8x-2
x—-1 xz-—x—2 )
. 2% +5x -7
lim—————.
x-1 3x -x-2

lim
x-1 X

lim
x—2

. x2-5x+6
im-—5——/———.
x—=2x° -12x + 20
2% +x-3
ol xl+x-2
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2
x°-6x+8
Bapuanr 25. .]1;:{—-) 2—_“35 "8z 112

Bapuanr 26. lim _x_—_zsﬂ .
x—3 x° -9

2
Bapnanrr 27 11 M
x5-3 6 - x — 3x>

2 -1
Bapuanr 28 m—————
P }cl—bl 5x% —4x -1
x® -8
Bapuanr 29. lim -
x—>2x +2x - 8
6 +11x + 3x2

B anT 30. lipm ————— 2~
apK xlg{la 3x% + 242 41

3x% - 5x - 2
B anT 31. _—
apu :1c1->2 22 -x-6

BapnanT 32. lim M
51 222+ x -1

Bapuanvr 33 11 w
538 X2 ~5x +6

Bapuanr 34. lim M
xoax? - 2x -8
. x2-2x-8

Bapmanr 35. lip ——— -2,
P 2 22% 1+ bx + 2

2 —
Bapuanr 36. lim M
51 %2 —4x + 3
6-x-2x2
B Tr37. lim ——————.
apuax leI-ls 3x% +8x -3
- x% -1
B ant 38. —
PNt S e e 1
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2 pe—
Bapuanr 39. limsz38- .
-2 8-—-x

2x% +5x -3
Bapuanr 40. iy <% F9%¥~-3
P 5322 +112+ 6

Ne 50. Berancaure npegessr:

1) lim(x% - 822 + 8). Orger: 4.
x—>2

X ex?o11
2) lim ———

OTserT: —1-
-1 8x%4+5 T 187

-9 . Otser: 6.

L B
4) limx—i'g—. Orger; 4.
x-1 x-1

22 +1

im —————
x—-18in(x + 1)

. Orser: 3.

X
6 i —‘.OBT: —\15.
)iﬁ’(‘;\/x—5-\/5+x Tee

Ne 51. Boruncnure mpegesnsr:

Bapwuanr 1. BapuanT 2,
L. lim(x® - 4x% - 2); 1. lim(x® - 5x +13);
x-3 x—4
4 4
x*~bx+6 x*-3x-7
2. lim~————— 2. _
AT 3 S 10
5x-10 x2-9
3. lim — 3. § ;
=52 2% - 4 ST
10x* - x -2 3x% + 3x - 60
4. lim —————=; i — > 97,
xlg& 2x -1 4. ,lcl_ﬂ 4-x ’
y
x“+3x-10 x2-5x+6
5 lim——————; 5. lim—5—————;
x—-)23x2—5x—2 Bﬂx2—12x+20
. NX-1-2 Vb-x -2
6. lim——; 6. lim———;
=% x-5 R
- 131 ‘




7.

si

lim
x—0

nbx
Pt

Bapuanr 3.

1.

im
x—-3

x—4

- lim

x-0,5

X’ +4x-9

b

2x3 12
x> A6
4+x

2x -1
21

5. lim———

x—>1

6. lim

x>0

7. lim

x—0

x-1 ;

Vl+x-1

X

»

sindx
Pt

Bapuanr 5.

1.

x—3

im
x—2

. lim

__——-——;
-0 x* + 3x% — 252
2x% +7x-3

- lim
x—2

- lim

x—-3

7. lim

x—0

im
x—0,5
20 - 20x + 5x%

4x* - 5x 4+ 7

3x% -8
3x3 + x2

2x -1

x® -8

V2x¥10-4

x—-3
sinl7x

x

lim(x* - 4x® + 1);
x—2

lim(2x® + 6x - 9);

.
*

14

4x® +30x - 16

s

1.1

sin6x

im
x50 X

Bapuanr 4.

1.

7.

CIme
i x2—4.
xi)n—l26+3x’

x2+6x+8.
Cao% 2xi_8

) x2—2x+1.
-hm—?——,
-l X" -Xx

lim

lim
x>0 X

Bapuanr 6.

1. lim(x? + 5x - 11);
x—4

2.

132

. lim
x—2 x-2

. x3+3x2+2x.
- lim —————

. lim

« lim

lim

x-3 2x2—5
x-2

) 122+ x ’

x®-5c+6

lim

x—-2

x—0
sin3x

-0 X

x®-8x+5

x3-2

. ’
x—>8 X—8

' sin 7x

lim(5x® - 8x - 2);
x—2 :

¥ +2x-4

r

x2-x-6
1+ x? -1

b

b



Bapuanr 7.

. lim(x* - 2x - 6) ;
x-3

(x® +Tx~-2)

2, ;
2 3x%-9
L (x-1W2-x
3. lim~————;
x—1 x° -1
2x% +Tx+3
4. lim T2 s
x—=-3 x* 4+ 3x
3 -
5. 8x° -1

7.1

.1 ;
xl—%\/5—x—\/5+x

m 5,
x5056x% - 5x +1

8x

. sin9x
im .
x—=0 X

Bapuant 9.

1.

» lim

lim(2x* - 5x + 3);

x—2

% +8x-T7
50~-11 °

x4

Bapuanr 11.

1.

lim(x® - 5x2% + 1)
x—3

Bapuawur 8.

1.

2.

- ox—o-2

6.

7.

. lim

lim(x® — 4x + 2);
x—3
lim

x—2

x3+6x—5.
222 -7
x® +8x% +2x

x> -x-6

lim
x*+x-20
3x-12
_ox -1
}c1—>n}x3 -1’
lim sin(x - 1);
x-1 \/_x_ -1
sin10x

lim .
x—0 X

x—4

Bapnanr 10.

1.

. lim

. lim

- 1i

lim(x* - 8x + 8);
x—2

x%+2x+1
x—3 7x2—8

. x4—16.
m s
x5-2 X+2
x*-8x+15
x2-25 '
x’ -8x+16
x—4 x2—16 ’
) Jx—3—1_
m—;
x-4
sin20x

x5

x—4

. lim .

x—0 X

Bapuanr 12.

1.
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lim(x* - 4x +11);
x—4




dim——
3 xl—{%xz—4

10x2 - x -2

4. lim —(—;
x—1->r(§15 2x -1

x% +8x - 1'0
Adim—————
1-23x% —5x - 2

7. lim

BapuanTt 13.
1. lim(x* - 6x% +2);
x—>2

. x2+38x-5
2. lim——5—
x—3 2x -11

-16
3. lim 2
x4 4+x

. 4x® +30x-16
4- hm _—
£—0,5 2x -1

.
*

7. lim

Bapuanr 15.
1. lim(3x® + 5x - 4);
x—3

9 Ii xt —5x -7
N Tx2+9

3. lim o
'xilil312+4x

- 3x2+3x-60
4, lim——;

7. lim
x—0 X

BapuanTt 14.
1. lim(3x® - Tx - 2);

x—>2

2 i

3. 1 x2 -4
) x—1—>n—128+4x

x®+6x+8
4. xl)n}2 2x2—8

x*-2x+1

7. lim

BapuanT 16.
1. lim(2x® + 3x - 10);

x4
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522 -2x+9 .
4x% -8

3. limﬁ:s-iicz—-—;
x-0 x* + 3x3 — 2x?

-2x% +7x -3

4 xl—if&s 2x-1

20 - 20x + 5x%

23 -8 ’

. N2x+10-4
6. lim —————;

im
x—>2

5. lim

x—2

x—3 x-3
7. lim sinl13x
x—0 x

Bapuanr 17.
1. lim(x* —4x-1);
x—3

x3+5x—2.

2. 1161_1)1:12 2x%2 -9

(x-DJ2-x

3. lim~——5——

.
b

x-1 x2_1
2x% + Tx +3
4 lim =
x>-3 x°“+3x
3
5. 8x° -1

im ——————;
2z-056x° -bx +1

8x
6. lim —=——r—}
x—l)r(l)\/f)— x—-Vb+x
. sinl6x
7. lim
x—0 x

Bapuanr 19.
1. lim(2x* — 6x + 4);

x—>2

x*+3x-8
x—3 3x2—5
x-~-2

.1 ;
x-§5\12+x

x2—5x+3;

4.
x1—>n; x—-9
3 2
x° +3x° +2x
5. lim —— %
52 X“-x-6
Vi+x? -1
6. lim———;
x—0 X
7. lim sinl4x
x>0 X

BapuanrT 18.
1. lim(x® - 3x +1);
x—53
x> +5x-9 ‘
2¢%2 -8
x® +3x% + 2x .
2

im
x—>2

3. lim

x>-2 xXx°—-x-6

x2+x—20_

7. lim
x>0 X

Bapuant 20.
1. lim(z* - 5x + 3);
x—-2
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L
4x%* _16
3. lim ——=2.
3 2x -4
X

x2—5x—36'

b

4. 1
I 2
x* -8 +16

3

5. lim 5
x—4 16—x
Vx+4-2
< lim————;
x—0 sinbx
sinl17x

7. lim .
x—0 X

NIpeJeNoB:

1) lim

1+2x%
3 ’

3) lim
x—oo ] - g

1

1)-1; 2) 0;

4. Ilpexen lim X
x—-8 X —

1) -1; 2) 8;

. lim
. lim
x—>-2 X+3

- l1m
x—5 x2 - 25

- lim

6x® +x-1
04 + 2x + 3x2
4) lim .
x—o2x +1

2+x)3+x)
4 - x? P

2. 3Hauenmne npegena lim

1
1 ; 2) -=;
)4 ) 4

3. Dynknusa f(x) = i e

x248x + 1
>3 3x2-6 °

x*-81

b

x2—8x+15.

’

x> -8x+16
x—4 x2—16 ’

\/x—3—1.

) alcl—rf}x x-4
. sinl19
lim

—

Ne 52. BrinosHuTe TeCTOBHIE 3aMaHuS.
1. 3navenue, paBHoe 2, UMerOT ABa U3 NpUBeIeHHLIX HAXe

2+4x

2) lim ;
x-0x ~3

2x

aBHO:

3) 0; 4) .

HMeeT pa3pbiB B ABYX TOUKAaX:

3) 1; 4) 2.

3) 32; 4) 0.




. [Mpepen lim paBeH:
-
1) -8; 2) 8; 3)4; 4) 0.
K 4.2
6. IIpegen lim d 5 5-tx = 2, ecsi1 mapaMeTp ¢ IPUHHUMAa-
xo0 2y —x +t
eT 3HAaYeHNe, PaBHOeE:
1) -4; 2) i; 3) -0,25; 4) 4.
. x> +5x+6
7. 3Hauenme mpegena lim ———5 — DaBHo:
x--2 4-—x
1 1
1) —; 2) -=; 3) 0; 4) oo,
) 1 ) 1 ) )
8. YcTanoBuTe COOTBETCTBHE MEKIY IIpeAellaMy M MX 3Ha-
YeHUSMH.
1. 1im 5022, 1) 2.
x-0 X
9 sinx 2) 1
© x50 2% 2°
3. im SN, g,
20 2x

5x
9. IIpegen lim (1 + ——) paBeH YHCIY € B CTEIIeHH:
x—0 5x

2 5
1)2; 2) 10; 3) —; 4) —.
) ) ) z ) 3
10. 3HaueHne npegena lim-(&fx)w—z_x) PaBHoO:
-5 25 -x
1) 0,7; 2) oo; 3) 7; 4) 0.
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Bonpocoi no teme

1. Karue 6am useecmmbl crocobv. packpbimus Heonpede-

0
JeHHOoCcuU euda 0 2

2. Cpopmynupyiime nepeviii 3amevamensvrbili npede.

3. Cpopmynupyiime 6mopoil 3amewamenvhvill npeden.

4. Kaxum ob6pazom packaadvigaemca keéadpammubii
mpexunen KA MHONCUMenu?

5. Kax ucnoavsyemca meopus npedenos?

Tema 2.3. Mpasuna gupdepeHLMpoBaHuA.
lpousBogHan PyHKLKUK B TOYKE.
Mpon3BoAHbIE BLICIIKX NOPALKOB

0) TepMubl

o IIpupamenue aprymMeHTa e Bropas npoussogHas
o IIpupamenue pyaknun o [IpoussogHbIe BHICIIUX HOPAAKOB
o ITpouseognas dpyuxnum e MexaHHUeCKHH CMEICT

e Tabnuua TPONSBOMHLIX TIPOU3BOAHOK
o luddepernmposanne o [IpnMenenre NMPOM3BOXHOMK
o IIpaBuna suddepenupo-
BaHUA
=z

E? OCHOBHbIE NOHATUA
NudpchepenumanbHoe ncuucnenne yHKuum
O[IHOW NepeMeHHOM.
lpou3BofHan yHKUMKM B TOYKE

Tlycrs 3agaHa GyEKNuA f(x), x < (a; b) 1 mycrs X, —
HeKoTopas ToOuKa mHTepBana (a; b).
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Hpeneﬂ lim M

Ha3bIBae€TCA NPOU3BOJHOM:

¢yurnuu f(x) B TOUKe X, U oGo3HAWaeTCHA f'(x,). Taxmm
00pasoM, IO oIpefieSIeHHI0
f/(xo) - lim f(x) - f(xo).

XX X - xo

DyHKIAA, UMEIOIIAs IPOU3BOAHYIO B HEKOTOPOH TouKe,
HasbIBaeTcA Auddepennupyemoit B aToit Touke. PyHKINA
f(x), x € (a; b), HUMeloImIan B KaXL0M TOUKe UHTepBajia (a; b)
NPOU3BOAHYIO, HasbiBaerca AudipepeHIUPYeMOH Ha 3TOM
uHTepBase. Omepanusa HaXOMXKJEeHWA IPOU3BONHONI AaHHOM
(byHKI MM HaseiBaercsa AuddepeHIMpoBaHUEeM M 0603HAaYa-
eTCA ¢ IOMOIUIBIO IITPUXA. ]

Ecsu BBecTH npupalieHye apryMeHTa AX =X — X, 1 fipu-
paienre QyHRIHU Af = f(x) ~ f(x,) = f(x, + Ax) - f(x,), To
npoussogHas QyHKNMHU f(X) B TOUKe X, 3amUIIETCS B BHJAE

Af lim f(xy + Ax) — f(xo)

(x,) = lim — =
f( 0) A.i—)OAx Ax—0 Ax

Yacro 414 0603HaUeHUsS MPOUBBOJHON BMECTO HITPHXA

HCIIOJIB3YETCA CHMBOJL d—f , T.e. (%) = d—f .
; dx dx

Tak kak x, — IPOM3BOJBLHOE 3HaYeHHe apryMEHTa, TO
O6yneM oGo3HauaTs ero mpocto x. Torza dopmyna nmpumer
f(x + Ax) - f(x)

Ax o

O npupameHuM aprymeHTa M (YHKIHMH TOBOPHJIOCH
BbIllle. BBefeM moHATHe PasHOCTHOI'O OTHOINEHUS — 3TO
OTHOIIIeHWe NpHupanleHusa (YHKIUN K IPUPAINEHHIO apry-
f(x) = f(xp)

Bux f'(x) = Ali.'?o

MeHTa, T. €.

Torzga ompejesieHre IPOX3BOAHOM MOXKHO 3aIIACATD TAK:
MPOM3BOAHON QYHKIOUH B TOUKE ABJIAETCS Mpeles pasHOCT-
HOT'O OTHOLIEHW, eCJIY IPHPALIEHNEe API'YMEHTA CTPEeMHUTCA
K HYJIO.
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f(x) - f(xg)

x - %

Ecnu omnowenue umeem npeden npu

X — Xy, mo Imom npeden Has3vieaemcia npou3éodnoi
dynryuu 6 mouxe x, u o6osnavaemes f'(x,).
Taxum obpasom,

F(xg) = lim f(x) - f(x)
07 aox, x-x,

Ecin ucmonsgoBaTs 0603HaYeHHA Ax =X — Xy B Ay =
= f(Ax + x) - f(x,), Torna sanumem

. A
y' = lim 2
Ax—0 Ax
Ecsn gy HEKOTOPOro 3HAYEHUA X, BHIIONHAETCA YCJIO-
. A
pue lim =¥ = 40, 10 TOBOPAT, YTO AJisA STOTO 3HAUEHUS

Ax—0

CYIIeCTBYeT OeciOHeiHas IPON3BOAHANA,
Onepanusa BRIYNCIEHUA NPOU3BOAHOMN OT HaHHOH QyHK-
UK HasbIBaeTCA onepauueil dugdpepenyuposarnus.
PaccMmoTpuM mpuMepsr.
a) y=c (c — const), Tak Kak Ay=c —¢=0, 10

lim Ay _ 0=¢.
Ax—0 Ax
6) y=a*.
ITycrs HeoGxopumo onpexenuts y = (a*) = lim Ay,
Ax—0 Ax

x ¢ Ax
Ay = a**%* — g*= g¥(a** - 1), Toraa Ax _a(@”-1) u

Ax
Xt AX Ax
. a* (@™ -1 .. a¥” -1
lim LGt =a* lim ——=a"lna.
Ax—>0 Ax Ax->0  Ax
. a* -1
HoramxeMm, yro lim —— =1In a.
Ax—>0  Ax

DyHKUHA Y = @¢* — 1 CTPOro MOHOTOHHA M HeIIPepHLIBHA
In(l+y)

V x € (—0 , +0) , I03TOMY 00paTHAs QYHKIHUA X = 1
na

Takoxe MOHOTOHHA M HeImpephIBHA IpH ¥ >-1.
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IIpr x=0 u y=0, yenopua x >0y >0 3KBHBaJIEHTHH
CrenaeM 3aMeHy epeMeHHALIX B Ipefese

_1=lim ylna =Ina 1 =lna.

x-0 X y—01n (1 + y) lim In 1+ y)

Cneposarensro, (a*)=a* In ¢, ecima=e=> (¢*)=e*In e,
T.€. HOKa3aTeNbHAA PYHKIUS ¢ OCHOBAHMEM ¢ MMeeT IIPOH3-
BOJIHYIO, COBIAJAIOMIYIO C caMoil QyHKI[Hei. :

B) ¥ = X", n — NONOKHUTENLHOE Lexoe.

HcnonbzyeM pasnoxenue GuHOMA:

=(x+Ax)*-x"=
=nx"1. Ax + _____n(nz-!— Dz, (Ax)? + K + (Ax)"

U, CIeA0BAaTeNLHO, HOPH Ax — (0 mosyauM, 9To

1im &Y - n-x"t:(x") =nx
Ax—0 Ax

DopMyJia cOpaBeAinBa U €CIM NI — BeIIecTBeHHOe YUCIIO.

n-1

Teopema. Ecnu pynrumsa audpdepeEnnpyeMa B HEKOTO-
poii TouKe, TO B 9TOi TOUKe PYyHKIUA HenpepsisHA. O6paTHOe
YTBepleHie HeBepPHO: HerlpepPhIBHAA QYHKIUSI MOKET U He
UMeTh HPOM3BOJHOH.

Jora3aTenncTBo:
Ilycrs y = f(x) nuddepeHnupyeMa B TOUKe X, T.e.

Ay
Ay = —=-Ax (Ax #0).
Y= x (Ax #0)
Orcioga

hm Ay- 11m Y lim Ax = y-0=0.
Ax—>0 AX Ax—0

CrnenoBaTtensno, QyHKINA Yy = f(x) HellpephiBHA B TOY-
Ke X.
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OcHoBHble npaBuna authbdepeHUMpoOBaHKHA

1) Ecan dyaxnum u(x) u v(x) auddepeHnupyeMsl Ha
HEKOTOpPOM MHTEpBaJie, TO Ha STOM uHTepBaye (u(x) +
+v(x))' = u'(x) + v'(x), T.e. IPON3BOAHAA CyMMa (pas3HO-
ctu) GyHKIUHA paBHa cyMMe (DPasHOCTH) IPOM3BOAHBIX
aTuX GyHKINMA.

2) Ecim dyaxumnu ulx) u v(x) auddepernupyemMsl Ha He-
KOTOPOM HHFEepBaJe, TO HA 3TOM HMHTepBae (u(x)v(x)) =
=u'(x)v(x) + u(x)v'(x), uin, kopoue: (uv) =u'v+uv'.

3) ITocTosTHHBIHT MHOMKUTENb MOXXHO BBIHOCUTBL 34 3HAK
MPOU3BOAHOM’, T. e. (cu) =cu', rae u=u (x) — gudde-
peHnupyeMas GpyHKIUA.

4) Ilycers dyERODuN u(x) 1 v(x) auddepeHnpyeMsl Ha UH-
Tepsane (a; b). Ecin v(x) # 0, gaa aoboro x € (a; b), To

[u(x)] _ w(@)u() - u(xv()
v(x) v3(x) '

5) IIpoussoauas GyHKIMH OoT QYHKUHY (cHoxKHOH QyHK-

mam): y = F(), 4 = o(x); ;‘j—;”; = F(u)- 0.

MoHATHE 0 NPOK3BOAHDLIX BLICWINX NOPAAKOB

Ipoussoguasn f'(x) oT pyuxumnu F(x) HaskiBaeTcs MPOH3-
BOJZHOM IIePBOTO HOPAAKA U IIpeiCTaBIsaeT coGoil HeKOTOPYIO
dysrumo. U ecau 5Ta QYHKIUA TOMXKE UMeeT TPON3BOLHYIO,
TOTZA NPOM3BOJHAL, OT IIPOU3BOAHOM MePBOro MOPSIAKA Ha-
3pIBAaeTCS IPOM3BOAHON BTOPOro mopsAakKa u obosHavuaeTca
f'(x), r.e. f'(x) = [['(x)].

AnajnoruvyHo onpepenserca mpomssopHas f(x) mio6o-
ro oopsgxa n = 1, 2, ... ; ecau CyImecTByeT IIPOM3BOJHAS
%=1 (x) n—1 nopazKa (IpH 3TOM IIOJ IPOU3BOLHON HYJIEBOTO
nopAzxa nogpasyMmenaetca cama pyrrnus fO(x) = y = f(x).

CorsiacHO oOmpeAeseHUI0, NPOM3BOJHOM B TOUKEe X, IO-
Iy9uM

D (xy + Ax) - f("_l)(xo)
Ax

,n=1,2, ...

f™(xy) = lim
x—>X,

T
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3ameuanue. Korga rogopar, 9ro [ uUMeeT B TOUKe X,
IIPOM3BOAHYIO LIOPSAAKA I, TO 3TO 3HAYHUT, YTO B HEKOTOPOH
OKPECTHOCTH TOUKH X, ¥ GyHKOHHA [ CyIIEeCTBYIOT BCce Ipo-
M3BOJHBIE HHIIIUX IHOPANKOB.

MexaHu4ecKkur cMbicn
BTOPO# NPOU3BORHOIH

MexaHNYeCKH# CMBICI NEPBOH HPOMBBOJHOH — CKO-
POCTb.

IIycTps MaTepuaJbHAsd TOUKA ABHXKETCA NPAMOJIHHENHHO
110 3aKOHY § = 5(#), TAe § — IOYTh, IPOXOAUMEIA TOUKOH 3a
BpeMms t. Torga cKopocTh U 3TOro ABHKEHHUA €CTh U =S§'(1) =
=v(t), T.e. TOXKE HEKOTOpas (PYHKIUA BpeMeHH.

B MoMeHT BpeMeHH { CKOpPOCTHh HMeeT 3HadeHue v = v(t).
PaccmoTpuM apyroit MomeHT BpemeHH ¢ + At. EMy coorser-
CTByeT 3HaUeHHe CKOpocTH U; = U(f + At). CremoBarenbHO,
[IpUPALIeHUI0 BpeMeHH At COOTBETCTBYeT IpHpaiieHue CKO-

pocta Av = v, — v =VU(t + At) ~ v(t). OTHOLIEHME % =g

Ha3bIBAaeTCA CPEJHHM YCKOPEHHEeM 3a TPOMeXYTOK Bpe-
MeHU At.

YcxopenneM B JaHHBIH MOMEHT BpeMeHHU ¢ Ha3bIBAeTCH
pefesl cpefHero yckopenus npu At — 0:

a=lima, = lim Av_ v'(f).
At--0 At—0 At

Takum 00pasoM, yCKOpeHH€e OPIMOJIAHEHHOr0 ABMKEHUA
TOYKY eCTh IPOM3BOAHASA CKOPOCTH IO BpeMenu. Ho, kax
MEI V3Ke BHJAENH, CKOPOCTh €CTh IPOMU3BOAHAA NYTH § HO Bpe-
MeHHU t : v=¢§'. YuuTheIBad ar0, UMeeM a = U'(t) = (s') = §"(1),
T.e. YCKOpEHNe IPAMOJINHEHHOr0 ABM)KEHMA TOUKK DPABHO
2-if Ipou3BOAHON NyTH IO BpeMeHH a = s''(t).
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3apanua
ANA CaMOCTOATENLHONR paboTbi

Ne 53.

Haiignre nponsBofHble GYHKIINIA:
a) y =cos® x; 6) y =cos? 3x.
Pewenue:
Tlonesysce npasunamu guhdepeHINPOBAHNA ¥ TabIUIei
MIPOU3BOAHEIX, HAXOTMM:
a) y=>5 cos® x - (cos x)' =5 cos? x - (-sin x) =
=-5 cos* x - sin x.
6) y = cos? 3x;
y=2 cos 3x - (cos 3x) =2 cos 3x - (—sin 3x) - (3x)' =
=-2 cos 3x - sin 3x - 3=-3 sin 6x.

Ne 54

HaiignTe NpousBofHYI0 BTOPOrO NOPAIKA
y = sin(ln x)) + cos(ln x)) .
Pewienue.

y' = cos(ln x) - 1 sin(In x) - 1 = —l—(cos(ln x) - sin(In x)),
x x x

y'=- iz (cos(In x) — sin(ln x)) +
x

+ 1 (— sin(ln x) 1_ cos(ln x) l) = - —17 cos(In x).
x x x x

Ne 55.

Haifizure IpOM3BOAHYIO TPETHETO MOPIAKA OT (PYHKIUH
y=xInx

Pewenue.
yv=xInx+x(nx)=lnx+x(1/x)=Inx+1;

y' =(nxy + 1)y =1/x;

Y’ =(xl)y =-x2=-1/x2

Ne 56.

Haiizure npou3BOAHYIO YETBEPTOr0 MOPAAKA (PYHKIUH
y= In x.
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Ne 57.
3anonHUTE TAGAULY:

1
- y(x) 1% |22t x 8|32 "] x3-8 | 4x [x+2 3 Jr | X2 10

y'(x)

Hcnonssyitte nnd 3amoHeHHA TabIHIy TPOM3BOIHEIX
1 npaBuna augdepeHIIUPOBaAHUSA.

Ne 58.

Brruucanre sHaueHue npoussoaHoit GyHKIUH f(x) B nan-
HOH ToYKe:

a)f(x)=2x5-8x+11, x=1;

6) f(x)=x%/4 - 4/x2+8, x=2;

B) f(x)=2Vx —1/x, x=1;

) f(x)=(x*+8) - (2x - 1), x=0;

B) f(x)=(x*>-3) / (x +1), x=0;

e) f(x)=(x*- 2)19, x=1.

Omsem: a) 7; 6) 2; B) 2; 1) 16; 1) 3; e) -30.

A Ne 59,
HatizuTe nmponseosHyio GyHKIMH.

Bapmanr 1. BapunanT 2. :

1) f(x) =3x8 - 7Tx - 2,5; 1) f(x) = 5x°- 2x - 4,5;

2) f(x)=6/x* - x3/2+ 2%, 2) f(x)=8/x° - x%/4 + 44 ;
3) f(x)=cos x (5 - x2%); 3) f(x) =sin x (3 - x2);

4) f(x)=(x +2) / sin x; 4) f(x)=(x + 6) / cos x;

5) f(x)=(5x%~ 1) - (x +4); 5) fx)=(8x%-1) - (x +2);
6) f(x) = (3x° - 2)5; 6) f(x) = (2x8~ 3)'5;

7) f(x) =cos 5x. 7) f(x) =sin 3x.
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Bapmasr 3.

1) f(x)=6x°- Tx — 1,5;

2) flx)=2/x% ~ x8/9 + 12+/x ;
3) f(x) = (x — 4) ctg x;

4) f(x)=(2 - x?) / cos x;

5) f(x) =(6x% - 3) - (x +2);

6) f(x) = (3x* - 5)%;

T) f(x) = tg (§/2).

Bapmuanr 5.

1) f(x)=3x*-12x - 2;

2) f(x) = 2/x1° — x2/8 +8~x;
3) f(x) =(x + 2) / sin x;

4) f(x)=(5 - x) / cos x;

5) f(x) =(6x% - 8) - (x +2);
6) f(x) = (5x% - 3);

7) f(x) = sin (2x ~ n/3).

Bapuaur 7.

1) f(x) = 3x° - 4x - 10;

2) f(x) = 2/x® - x/10 + 4x;
3) f(x) =cos x (2x%- 1);

4) f(x)=(x +5) / sin x;

5) f(x) =(2x% - 4) - (x + 3);

6) f(x) = (5x* - 3)%;

)=Vt +4. "

Bapnant 9.

1) f(x) =6x%- 2x + T;

2) f(x) = 4/%% - x%/4 + 8x;
3) f(x) =ctg x (x + 5);

4) f(x) =(x>- 2) / cos x;

5) f(x) = (x*~ 5) - (x + 2);

6) f(x) = (2x*- 1)

7 f(x)= V5 x3.

Bapmasr 4.

1) f(x) = 2x'9- 8x - 13;

2) f(x) =4/x° — x5/10 + 2x ;
8) flx)=(x - 3) / tg x;

4) f(x) =(x% +1) / sin x;

5) f(x) = (52— 4) - (x + 2);

6) f(x) = (4x% - 1)3;

7) f(x) = ctg (2/7).

Bapmasnr 6.

1) f(x)=2x"-8x - 9;

2) f(x) = 3/x" - x4/4 + 6/x;
3) f(x) =sin x (8x4- 1);

4) f(x)=(x + 8) / cos x;

5) f(x) = (3x*- 1) - (x + 5);
6) f(x) = (6x% - 2)%;

7) f(x) = cos (8x + n/4).

Bapmnas=r 8.

1) f(x) =5x"- 8x +1;

2) f(x) = 6/x3 ~ x5/5 + 2x;
3) f(x) =sin x (x2~ 4);

4) f(x)=(x - 6) / cos x;

5) f(x)=(3x%~-1) - (x +4);
6) f(x) = (3x%- 2)%;

7 f(x)= Vx? - 3.

Bapnanr 10.

1) f(x) = 5x*~ 8x + 3;

2) f(x) = 3/x5 - x5/3 + 6/x;
3) f(x) = tg x (x - 4);

4) f(x) =(x*- 1) / sin x;

5) f(x) = (x?- 3) - (x +4);

6) f(x) = (5x% - 4)%

7) f(x) = V2 - x*.
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Bapuanr 11.

1) f(x) =3x8 — 6x ~ 2,5;
2) f(x) = 6/x3 - x7/2 + 2Jx;
3) f(x)=cos x (5 — x3);

4) f(x)=(x +2) / cos x;

5) flx)=(5x3-1) - (x + 3);
6) f(x) = (3x5 - 2)%;

7) f(x) = cos 5x.

Bapnanr 13.

1) f(x)=6x2- Tx ~ 1,5;

2) f(x)=2/x3 -~ x8/9 +12Jx;
3) flx)=(x - 4) ctg x;

1) f(x)=(2 - 2% / sin x;

5) f(x)=(6x%- 3) - (x +4);

6) f(x) = (3x°- 5)7;

7) f(x) = tg (x/2).

Bapuanr 15.

1) f(x)=3x%- 12x - 2;

2) f(x) = 2/%12 - x*/8 + 8 ;
3) f(x)=(x +2) / cos x;

4) f(x)=(5 ~ x) / sin x;

o) f(x) =(6x°-3) - (x +2);

6) f(x) = (5x% - 3)7;

7) f(x) =sin (2x - n/3).

BapuanT 17.

1) f(x)=3x"- 4x - 10;

2) f(x) = 2/x® - x19/10 + 4Jx ;
3) f(x)=cos x (2x1 - 1);

4) f(x)=(x +5) / sin x;

5) fx)=(2x*-4) - (x + 3);

6) f(x) = (5x° - 3)%;

7) fx)= Jx? + 4.

BapuasaT 12.

1) f(x) = 5x5~ 8x - 4,5;
2) f(x) = 3/%° - x7/4 + 4x
3) flx)=cos x (3 ~ x2);

4) f(x)=(x + 6) / sin x;

5) flx)=(3x*~ 1) - (x +5);
6) f(x)=(2x" - 3)14;

7) f(x) = sin 3x.

Bapuanr 14.

1) f(x)=2x12- 8x - 13;

2) f(%) = 4/x7 - x7/10 + 2x ;
3) f(x)=(x - 3) / ctg x;

4) f(x)=(x® + 1) / sin x;

5) f(x) =(5x*~ 4) - (x + 2);

6) f(x) = (4x° - 1)13;

7) f(x) = ctg (x/7).

Bapuanrr 16.
1) f(x)=2x%- 8x - 9;
2) f(x)=3/x® - x5/4 + 6Jx;
3) f(x)=sin x (3x°- 1);
4) flx)=(5x + 3) / cos x;
) f(x)=(3x°- 1) - (x +5);
6) f(x) = (6x5- 2)5;
- T) f(x)=cos (3x +n/4).

Bapuanr 18.

1) f(x)=5x8~ 8x +1;

2) f(x)=6/x2 — x5/5 + 2x ;
3) flx) =sin x (xt- 4);

4) f(x)=(x - 6) / cos x;

5) f(x)=(3x°~ 1) - (x +4);
6) f(x) = (3x° - 2)5;

7 fx)=Jx2 - 3.
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BapuanT 19.

1) f(x)=6x*- 2x + 7;

2) f(x) = 4/%5 - x7/4 + 8~/x;
3) f(x) =ctg x (x + 5);

4) f(x) = (x*- 2) / cos x;

5) f(x) = (x5~ 5) - (x +2);

6) f(x) = (2x5- 1)5;

7) fx) = N2 - 2.

BapuanT 20.

1) f(x)=5x%- 8x + 3;

2) f(x)=3/% - 2°/3 + 6% ;
3) flx)=tg x (x — 4);

4) f(x)=(x%- 1) / sin x;

5) f(x) =(x*- 38) : (x +4);

6) f(x) =(5x° - 4)";

7) f(x) = V3 - 2°.

Ne 60.
Onpegpennre Ipon3BofHEe DYHKIU.

. 2 —
1) a) y = 1081112335; 6) y - 1n3x 1 .

x+1
2)a) y= e¥* . cos 5x; 6) y =e?*,
5

3)a)y=(1+ln%); 6)y=25"z.

4) a) y__:co:x; 6) y =1n (x2 + 2).
5) a) y =e*-cosx; 6) y =sin* 2x.

6) a) y=3J§—i~+3x2; 6) y = Jtg2x.
7)a) y=cos x * In x; 0) y = eteds,

x
8)a)y=e—x;
6x+1
9) a = ;
)a) ¥ 4x + 3
10)a) y=e* + x%
Nt 61.

6) y=1n (x% - 5x + 6).

6) y =In (sin 2x).

6) y =1n (cos 3x).

Haiigure nponussoanbie GyHKIMN:

6) y = tg* 3x.

6) y =e*3.

6) y=Y3x-1.

6) y = In(2x3 + 4).
6) y = sin3 (x/4).

1)a) y=4x%+2x - 3;
2)a) y=5x-6/x2+2%x +8;
3)a) y=(3x +1) - ctg x;

4) a) y = cos x/x;
5)a) y=3x-1n x;




6) a) y=4x°- 8/x +5Jx; 6) ¥ = Jcos3x.

7)a) y=x - sin x; 6) y=1In cos 4x.
8) a) y = e*/x; 6) y=In (x2- 3x +4).
2x+ 4 .
9 = s (5 = @sin 4x
)a) y 371 )y=e
10)a) y=2x - €% 0) y=1In sin 2x.
Ne 62.
Haiigure mpon3BoAHEIE BTOPOrO MOPAAKA OT (PYHKIIMIA:
1) y=ctg x; 2) y = arcsin (x/2);
3) y = cos? x; 4) y=x sin x;
5)y=(x+1)/(x-1); 6) y=x arcos x;
D y=1In(2x - 3); 8) y =arctg (1/x);

9) y=e2% 10) y= V1 +x%.

Bonpocsl no teme

1. Ymo maroe npupawerue apzymenma? Ilpupawenue
Qynryuu?
2. aiime onpedenenue npou3sodnoii pynryuu.
3. Ymo maxkoe dugppeperyuposanue?
4. Ilepewucaume ocHosHbie npasusa Ou@pepeHyuposanus.
5. Kaxue gopmynvt u3 mabiulyb. npoussodHbLX UCNOLbIY-
lomca yauie ecezo?
6. Ilepenucaume gopmyne nPOU3BOOHLLX OOPAMHbIX MPU-
ZOHOMempUUeCKUX QYHKYUIL.
7. Kax naxodumcsa emopas npoussofnas ona Qynryuu?
8. aiime onpedenenue npou3eodnoil evicwezo nopadka.
9. I'de ucnonvsyemca nonsmue npou3eodnoil u ee npuao-
Henua?
10. B uem saxnionaemcs zeomempuuecKull cmoica Oude-
peryuana?
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Tema 2.4. nchdepenyunan yHKyun.
Mpumenenne autheperunana
K NpUGAMKEHHbIM BbIYUCTEHUAM

@) TepmuHbI

o Inddepernnai GyHKEUA

e IIpaBuia BRIYHCAEeHUA AuddepeHIInaIoB
e leomerpuueckuit cmuich auddepernuana
o [IpuGansxeHHbIEe BEIYUCICHUSA

¢ Muddepernual BTOPOro MopsaKa

[ |
Nuddcheperunan yHKUMMN

Eciu ¢pyHKIUSA f(X) UMeeT B TOUKE X, IPOU3BOIAHYIO f(x ),
TO npoussefenue f(x,) u Ax HaseBaeTCH AU pepeHInaIoM
¢yuaknuu f(x) B TouKe X, 1 0603HaYaLTCH df(xy).

Taxum obpasom, df(x,) = f'(x,) Ax.

Ilnsa pysxoum f(x), EMeomed NPOU3BOAHYIO B KAK/I0H
Touke unTepBana (a, b), moxHo sanucars df(x) = f(x) Ax, |
rae Ax — TpOH3BOJILHOE IpHUpalleHUe apryMeHTa.

Tak xak dx = (x)' Ax = Ax, oupefenuM AuddepeHIra |
He3aBMCHMOIi IepeMeHHO} KaK ee IpHpallenye, Toraa Aug-
depenmuan dyurnuu f(x): df(x)=f(x) + dx.
df(x) df(x)

x

d , T.€. o6o3HaUeHUE W— A

IPOM3BOZHOM OT GYHKIUHU f(X) MOSKHO IIOHMMATh KaK ApoGs, |
B yHcanTeNIe KOTOpoii crouT auddepennuan yHrnuu f(x), |
a B 3HaMeHaTede — auddepennuan aprymesra. [lna aud-
depeHnUpyeMbIX GYHKIMI U = u(x) ¥ U =0(X) CIIPaBeAJIUBH |
paBeHCTEA:
1) d(u £ v)=du = dv,
2) d(uv) = udv + vdu,

OCHOBHbIE MOHATUA

3unaunr, f'(x)=




H
£

v 2

3) d(ﬁ) _ bdu —udv
v

Mpumepsi Boivucnenna andiepesunancs

1) Haitgem augdepernuan GyHKnum depes NpHpaIieHue.

Ilyers y = x3, roraa

Ay =(x +Ax)? - x3=3x%. Ax + 3x - (Ax)? + (Ax)3,
ImaBHAA YacTh upu Ax — 0 pasHa 3x?. Ax, nostomy dy =
- 3x2 dx.
B crnexgyromux nmpumepax Haliem nuddeperunan mo
ONpeeNeHuIo.
2) d(x?) = 2xdx.
3) d(5x* + Tx — 2) = (5x + Tx - 2)'dx = (20x3 + T)dx.
4) d(sin x + x) = (sin x + x)'dx = (cos x + 1)dx.
5) dC=0, (C - const). :
6) d(sin x) = cos x dx.
7) d(cos x) = -sin x dx.
8) da* = a* In adx, (de* = e*dx).
9) dx"=n x"! dx (n — DoONOXKATENBHOE YKCIIO).

Temeps ycranoBuM cBA3b MeXAY KHDDEPEHIAPYEMOCTHIO
(OYHKOUE B TOUKe M ee MPOM3BOAHOM B TOM JKe TOUKe.

Hna puddepernupyemocTy GyHKIUHA f B TOUKe x, He-
06X0AMMO ¥ JOCTATOYHO, YTOGHI OHA MMeJIa IPOUSBOLHYIO B
9TOH TOUKe, TOTZa B 3TOM ciyyae dy = f(x)dx.

U3 popmysn momydaeM HOBoe o6o3HaUeHVE AJIA HPOH3-

. , dy
BOAHOH Y =

leomerpuyeckuii cmbicn auddepeHumnana

Ecnu ¢pysaknus f(x) uMeer nponssogHyIo B TOUKe X,y TO
auddepernuan GyHKIMHE [ B TOUKe X, PaBeH MPUPAIEHAIO
OpAVHATHI KacaTelbHOH, IPOoBeJeHHON K rpaduKy AaHHOIX
QyHKOUM B TOUKe ¢ aGCIUCCOM X, IIPH IePeXOfe OT TOUKH
KacaHHA B TOUKY ¢ abcmuccoit X, +Ax.

Boo6mre dy # Ay, Ho npu Manux Ax mpupaineHue QyHK-
uuy OpubGIM3HTENHHO DAaBHO Auddepernuanry QyHKIMM,
T. e. dy = Ay.
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Mpunoxenune authhepeHumnana
K NpUOAMKEHHBIM BbIYUCNEHUAM

Ansa aubdepennupyemoii B Touke x, pyuxmum f(x), y |
KoTopoi# f'(x,) # 0, Ipu KOCTATOYHO MAJBIX AX CIPABE/LINBO
npubnuxenHoe paBeHCTBO Af(x,) = df(xy) = f'(xy) - Ax.

Tax Kak Ax =x—x,, Af(xg) = f(xy+Ax) - f(x) = f(x) - {(x,),
1o f(2) = (%) + F'(%,) (% — %,)-

Brruucanre /3,998 .

Pewenue:
Pacemorpum dyuxnuio f(x)= Jx , x € (0; +x).

s aroit dyHKUINM Jx = \/z + 1 (x—-x5).
2

Ioncrasngem x = 3,998 u x,=4:

\/3,998=~/Z+ J_ (3,998 - 4)—2—9—(—)—0—2——19995

Omeem: 1,9995.

MoHAaTHe 0 AnhthepeHLUanax BbiCIWMX NOPAAKOB |

IIpouseozHas f'(x) or byuxnuu F(x) Ha3LIBAeTCA MPOH3- |
BOJHOH IIEPBOI'0 MOPSAKA U NPEACTaBaseT co60il HeKOTOPYIO
dyuxumio. W ecau sTa GyHKIMS TOKEe UMeeT IPOU3BOJHYIO, |
TOra IPON3BOLHAS OT HPOKU3BOAHOII NepBOI'0 IIOPANKA HA3bI-
BaeTCs NPOU3BOLHOI BTOPOTO HOPALKa U o6osHauaercs f'(x), |
T.e. (%) =[f(x)].

AnanornuHo onpepeisercs npoussonnas [ (x) moboro
nopaakan=1, 2, ...; ecau cymiectsyer npousBoasas f"~V (x) i
n-1 mopsaka, TO IO IPOK3BOJHON HYJIEBOrO HOPAAKA IIOA-
pasyMeBaeTca caMa GyHKNUA 9 (x) = y = f(x).

CoraacHo onpefesieHNI0 IPOU3BOJHON B TOUKe X, IIOJY-
UM

£ V(g + Ax) = D (xp)

,n=1, 2...
Ax

f™(x) = lim
x—>Xxy
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3ameuanue. Korna rosopar, 4to f ©MeeT B TOUKe X, 1po-
M3BOJHYIO MOPAAKA 1, TO 3TO 3HAYUT, YTO B HEKOTOPOH
OKPECTHOCTH TOYKH X, Y GYHKIMH [ CYIeCTBYIOT BCE IIPO-
W3BOAHBIE HUBIMNX MOPAXKOB.

IIycts x — HesaBucHMasi mepeMeHHas M Yy = f(x) ecTh
Aupdepernupyeman GyHKIMS Ha HEKOTOPOM HHTepBale
(a, b). Torma df(x) = f'(x)dx ecTb PyHKUIHA IBYX TIepeMeH-
HBIX: X ¥ dx.

Byzem npegmonarats, uro dx — audpepeHnuan Hesa-
BUCUMOI MepeMeHHOH X — HMEeT IIPOU3BOJbHOE, HO (PHK-
CUPOBaHHOE 3HAYeHHe.

Ecmu cymectByer BTOpas mpomasogHas f''(x), To df(x)
umeeT auddepeRnnan ¥ OH HA3BIBAETCA BTOPBIM Audde-
PEHIINAJIOM.

Onpenenenne. [updepeHnyanroM BTOPOro mopsagka (Miu
BToprIM Iuddepennuanom) d? f(x) dyurnuu f(x) HasbIBa-
ercd puddepenuuan or guddepeHnuaia IepBoro MOpPAIKa
2TOl QYHKIHMH
d? f(x) = d [df(x)].
Amnanormano InddepeHnuar TpeThero NOpALKa
d*f(x) =d [d* f(x)].
Tax mocsenoBaTeNbHO ompeAensioTes AudipepeHINANEL
BBICIIINX TOPAIKOB.
Brisenem dopmyny ni1a guddepeHnaga BTOPOro Iopsa-
Ka. Ilyers f(x) — aBamasl guddepenumpyema (T.e. UMeer
BTODYIO IIPOM3BOJHYIO), TaK Kak df(x) = f'(x)dx, Toraa mo
onpegeneHuio nuddepeHnuaga uMeeM
d? f(x) = d [df(x)].
Ecnn x — HesaBucuMas mepeMeHHAs, TO dX, PABHEIH Ax,
O0YEBHUIHO, HEe 3aBHCHUT OT X, II0 OTHOUIEHUIO K IlepeMeHHO
X UTPaeT poJib MOCTOSHHOM.

& f(x) =d [f(x)dx]=dx - d [f(x)] =
= {f(x) — cuoBa HekoTOpas QYHKIUA OT X} =
=[f"(x)dx] dx = f'(x)dx?, rme dx? = (dx)>.
Taxum o6pasoM, MBI JOKa3alH TEOPEMY.
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Teopema. J{uddepeHnuan BTOpOro HOPAZKa OT AaHHOR
OYHKIIHEKE paBeH TPOM3BEACHUIO MPOM3BONHOM BTOPOro IO-
pAAKa 3ToH GYHKIHU HAa KBagzpaT JuddepeHnana He3aBH-
CHUMO# IepeMeHHOH.

Ecnu monoxurs f(x) =y, To d%y =y"dx?, u Toraa

, d
vy
dx

A

3apanua
ANf CaMOCTOATEeNbHOM paboTbl

Ne 63.

1) Haiigem nuddepennuan QyHKIuu 4epesd NpupamieHne.

moatomy dy = 3x%dx.

B ciaemylomux mpuMepax Haiizem AuddepeHIuan mo |

onpeziesIeHuIO.
2) d(x?) = 2xdx;
3) d(5xt + Tx — 2) = (5x* + Tx — 2)'dx = (20x% + 7) dx;
4) d(sin x + x) = (sin x + x)'dx = (cos x + 1)dx;
5) dC = 0, (C — Const);
6) dsin(x) = cos(x)dx;
7) dcos(x) = —sin(x)dx;
8) da* = a* In adx, (de* = e*dx);
9) dx" = n x*'dx (n — HOJOKHUTEJILHOE YHCIO).
Ne 64.

Brrameanrs \/4, 21.

Pewuenue.
PaccmorpuM QyHEDHUIO f(X) = Jx , X € (0; +w).

Iins oTofl yHKNEE VX ~ \Xo + 2\/1}; (x-2x).

Honcrasnsem x = 4,21 u x, = 4.

1 0,21
V421 x4 + —— (4,21 - 4) = 2 + == = 2,0525 ~ 2, 05.
577 )=2+=

Omeem: 2,05.
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Ne 65.

x
-7
Hannme auddepennyan Gysroun: y(x) = .
sinx
Pewenue:
ITo onpepenenuto auddepennuan GyHKIIN

dy=y'(x) dx.

3ananHad yHKOUS OpefcTaBiaseT coboil OoTHOIIEHHE

JIBYX MYHKIMIA:
U(x)=€*~TnV (x)=sin x.

Hcnonssya npaBuna anddepennuposanus ApobHOT
(DYHKI MM, HAXOAMM IPOM3BOAHYIO
(¢" - 7)-(sinx) - (" - 7) - (sinx) _

(sinx)?

y'(x) =

_ e”sinx - e*cosx + Tcosx

sin x

OxoHYaTeIbHO HOIyYaeM
e¢“sinx — e* cosx + Tcosx dx

dy = —
sin“x
Ne 66.
Haitnure npu6nmxennoe sHaveHve GYHKINH C IOMOIIBLIO
Iuddepernnuana.
Boruucrnure: 38,3 .
Pewernue:

L

PaccmorpumM dyrknuio f(x)=x';

1 51
f(x) 5 = 33 x2 ’
(8,3)5 = (8 3-8) =2+ 9—3 = 2,025.
. gt
Omeem: 2,025.
Ne 67.

Brrauciure: a) 1,015%; 6) 0,9883; B) /1,03 ; r) 3/0,964.
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Pewienue:

Ucnonbsyem ¢opMyiasi, BeIBeieHHbIE C MOMOINBIO And-
depeHnuana Aas 4uces, OMM3KMX K eAUHHIE, o — Majoe
YHMCJI0 [0 CPABHEHMIO C eUHUIEH.

D Q@ +a)"~1+na, 2) (l—a)" 1-naog

3) Yl+a= 1+ a

a)l 0152—(1'+0 015)2~1+2.0,015 = 1,03;
6) 0,9883=(1 - 0,012)3=1- 3. 0,012 = 0,964;

B) 41,03 ={1+0,03 =1+ % .0,03 = 1,015;

r) 3/0,964 = 31- 0,036 ~1- -:15 .0,036 = 0,988.

Omeem: a) 1,03; 6) 0,964; 8) 1,015; r) 0,988.
No 68.

1) y=x2- 2x. Hafisure npubiamKeHHo, ¢ IOMOIIBIO0 Audde-

peHImana, usMeHeHue ¥y (T. e. Ay), Korja X uaMeHAeTcA
or 3 mo 3,01.
Pewenue:
NmeeM Ay ~ dy = ['(x) +Ax.
f(x)=2x - 2, f(3)=4, Ax=0,01.
Hosromy Ay ~4 - 0,01 =0,04.
Omsem: 0,04.

2) BeryucauTe NpuOJIMIKeHHO SHAUeHNe QYHKIMHA Y = Yx
B Touke x=17.

Pewenue:
Ilyers x,=16.
Torga Ax=x-x,=17-16=1,
1 1
fxy) = 16 = 2, f(xo)_———=_._._=___
,/x03 4\4/2—3 32
Takum obpasom, f(x) =2+ 1= 65 2,031.
pasor 32 32

Omeem: 2,031.

3) Brruucaure 1n 0,99.

Pewenue:
ByzeM paceMaTpUBATH 3TO 3HaUeHHe KaK YacTHOe 3Ha-

uyenne pyEKnuu y =1n x mpu x=0,99.
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ITomoxum x,= 1. Torga Ax =-0,01, f(xy) = 0.
y = —31; ; /(1) =1. TIoaromy (0,99) ~ 0 - 0,01 =-0,01.

Omeem: —0,01.
Nz 69.
Halizure auddepennuan pyHxnmm y = f(x).
sinx 3x% -4
Bapuanr 1. y = . =
p -y 92116 Bapuasnr 6. y et
4
x*+1 3
Bapuanr 2. y = e Bapunanr 7. y = 5x : 2.
e
cosx e +6
Bapuasnr 3. y = . =
p y Bx 19 Bapuasr 8. y il
3
x% -2 . x
Bapuan'r 4. y= e‘ . Bapnam 9. y= ¢ :6
: x
5
x’+8 4x% -2
Bapuanr 5. y = . =
PHAHT 9. Y Sinx Bapuasnr 10. y PRy
Ne 70.

Beraucante npubianikeHHOEe 3HAUEHHME BBHIPDAYKEHUS C
nomoinso auddepennuana:

1) 1/9,02; 2) V/15,5; 3) J4,1; 4) ¥11; 5) ¥8,2;
6) 3-27,3; 7) /24,9; 8) /8,75; 9) 31,2; 10) 416,3.

Bonpocsbi no teme

1. Ymo makoe Juppepernyuan pynrxyuu? -
2. Ilepeuucaume ocHo6Hbie NPABULA BbLHUCACHUA dudde-
peryuanos. o
3. Kax onpedenaemcs npubnuxenrnoe 3naienue npupauje-
HUA QYHKYUL, 6bIYUCIEHHOE C nOMOWbI0 Jupdepenyuara
68 mouice?

4. B uem 3axniovaemcs zeomempuueckuli cmoica Ougge-
penyuaana?

5. I'de ucnoavayemcsa nonsmue duggepenyuana?
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Tema 2.5. leomeTpuueckne NPUNCKEHHUA
Npon3BOAHONA

@) TepMmuHbl

e YpaBHEeHNE KacaTeJbHOH

e DxcTpeMyM GYHKIIHNKA

o TeoMeTpHUECKUil CMBICT TPOH3BOIHON

o Uccneposanne PYHKIHUA C NOMOIIBIO MpPOU3BOSHOMN
e Haubompmee ¥ HaMeHbIlIee 3HaUeHMA QPYHKIUN

OCHOBHBIE MOHATUA

" TeomeTpu4eckuii  huanyeckuif cmbicn
NpPON3BOAHOIH

IIycTs kpuBas ABjIgeTCA IPadQuKOM HenpepsIBHOU QYHK- |
nuu y = f(x), x e (a; b). Ha KPHBOIl PacCMOTPHUM TOYKH . |
M(xg5 yo) 7 M (x5 Y,) ¥ IpOBefeM CeKYyIIyio MM,.

YA

y=1f(x)

flx,)) Tr========="-== M, (x;; f(x,)

M(x, f(x5))

»
1
1
1
1
1
(]
[}
1
[}
1
1
1
M
T

d 0

—_—
x

X Xy

VrioBoit xoaddumuent aroit npamoit k= tg p:
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- F(x1) = f(x) .

X — X

tg B

Ilycrs Teneps x, — X,, T.e. abcuucca Touxu M, npubiu-
xaercd k abenucce Touku M, ¥, crefoBarenbHo, Todka M. 1
CTPeMHUTCS K Touke M, ocraBasacsk Ha KpuBoi Y = f(x). ITpn
aroM cexymaa M, M, MeHsAeT cBoe moJIOKeHHe, BPAIIAACh
BOKDYr TO4KH M, T.e. nsmensaer yroxn . Ecau dpyurnus
f(x) muddepennupyema B ToUKe X4, TO CYIIECTBYET Tpenen

lim tg B = lim [~ F&0) _ f(x)
XXy XXy X—X

u, CIefoBaTeNbHO, CymecTsyeT npamas M T, asndomascs
npefleIbHBIM [OI0XKEeHUEM CeKyIeil Tpu npubumKxesny To4-
k¥ M, mo kpuBoii K M. 9Ta IpAMas Ha3LIBAETCSA KacATeb-
Holl K KpHBOi B Touke M. Takum ob6pasoM, ecin GyHKIUA
y = f(x) andpdepernupyeMa B TogKe X4, TO ee rpadUK HMeer
KacaTeJbHYIO0 B Touke M(x,; f(x,)), yrioeoit koaddunuent
KoTopoi paseH f'(x,). I'eomeTpuyecKkoe ucroaxoBanue npo-
M3BOAHOM: IPOU3BOAHAA PYHKONH Y = f(X) B TOUKe X, paBHA
YIrroBOMY K03 DHOMEHTY KacaTeabHoH K rpabuky QyHRONH
B TOUKe (xg; f(x,)).

Ilonarue mpousBogHOL IPUMEHSIOT BO MHOIHX (pU3HYe-
CKHX 3aJavyax, HampuMmep:

1) HaxoxxAeHNe CKOPOCTH ABWXKeHus U(f) = x'(£);

2) naxoxxZeHre JWHEHHON HJIOTHOCTH HEOZHODOJHOTO

creprHA p(x) = m'(x);
3) 3ajada O TEIIOEMKOCTH TeJA IIPH HarpeBaHWHU;
4) 3agava 0 HaX0XAEHUN YTJIOBO CKOPOCTH Bpaljalole-
rocs TeNa U T. 4.

B maremaTHKe TIDOM3BOAHYIO Yallle BCEro HCHIOJB3YIOT
AJA MCCIIeR0BaHUA QYHKINNA U pellleHus 3a4a4 ajre6psl u
HAYaJl AaHAJIH3A,

YpaBHeHue KacatenbHOM

KacarensHoi pAMoii K TPOU3BONALEOMK KPUBOH B TouKe A
Ha3kIBaIOT IIpeJleNIbHOe MOJIOXKEHUe ceKymeil mpsamoit AM,
xorzma rouka M npubiukaerca K Touke A (CM. pHCYHOK).
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>
x

0 (@ f(a))

Ins Toro uTobbI yCleIIHO pellath 3a4add O KacaTejdb-
HBIX K rpadMrKaM, JOCTATOYHO 3HATH OOIIMil BU YpaBHEHUS
KacaTeJIbHOM K rpaduKy GYHKIMA [ B TOUKe ¢ aGCIICCON @
(cM. pUCYHOK) ¥ IIOHKMATh, UTO 03BAYaIOT BXOJAIINE B HETO
BeIpaskenus. IIpexie Bcero OTMETHM, YTO yPaBHEeHHeE 3aja-
eT npaMyo. Yanje ypasHeHnne NpaAMOi 3aIIUCHIBAIOT B BULE
y=kx +b, 1 Halle ypaBHEHUe JIeTKO IPUBOAUTCA K 3TOMY
BUAY.

Ho camoe BaxHOe coofpaskeHHe COCTOMT B TOM, UTO,
Kak cJeXyeT U3 oIpeJieieHUH KacaTeJbHOH U IPOM3BOJHOM,
yrJyIoBoi KoaduiirenT k£ paseH mpon3BogHo f'(a) pyHKINY
B TouKe Kacaunus. IloToMmy ypapHeHHe X MMeeT BUJ

y=f(a)(x - a) + f(a).

OG6BIYHO 3aMUCHIBAETCS B ADYI'OM BHje:

flx) = f(xo) + f'(xo) (x - xo)'

VYpasHeHne npamoil, He IapajienbHo#l ocu OpDAWHAT,
umeet BUX Y = kx + b, rie yriopoii koadpUIIUEeHT paBeH TaH-
reHCy yria HaKJIOHA o mpAMoi K ocut Ox, a CBOGOJHEIH UJIEH |
b — sTO0 OpAMHATA TOUKH IlepeceueHUs NpAMoii ¢ ocwio Oy.

IIycrh KacaTenbHas mepecexaeT rpadUk B TOuKax A u
M c aGcnuccamu X 1 X + Ax. Toraa pasHOCTh OPAMHAT STHX |
ToyeKk pasHa mpupamiesuio Af = f(x + Ax) - f(x), KoTopoe
nojgydaeT QYHKIHA, KOTAa ee AprYMeHT U3MeHseTCA Ha AX.
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Taxum o6pasoM, yrioBoit KoapdumueHT cekyimeil paseH
TAHT€HCY Pa3HOCTHOI'0 OTHOmeHud A f/Ax nusa rodex A u M.

vh y=1(x)

f(x +Ax) fomemmmcmmmneae M(x + Ax; f(x + Ax))

Af

122 AT 1(2)

R-r------_-

4 0 X+ Ax x

U3 ompenenenuit mpousBosHON U KacaTeabHOl ClIexyer,
4TO YIJI0BOM K03(hUIMeHT KacaTeIbHON paBeH IPON3BOLHOM
B TOYKe KacaHus. Tounee roBops, yukuus f nuddepennn-
pyeMa npH x =@ TOrZia ¥ TOJBKO TOTAa, KOTAAa B TOUKe ¢ adc-
LMCCOM @ MOYKHO IPOBECTH HEBEPTUKAILHYIO KACATEIbHYIO K
ee rpadUKy; IpH 9TOM yrioBoli KoaddHULMEeAT KacaTeabHOH
PaBeH 3HAYEHUIO NPOUIBOAHON PYHKIUM [ B TOUKe a.

TeopeMmbl NPUOXEHUA NPOU3BOJHON

Teopema 1. Eciu dysrnus y = f(x) auddeperunpyema B
uHTepBase (a; b), HeyObBaOIasa (HEBO3pACTAIOMAA) HA HEM,
TO ee MPOMBBOAHAA B 9TOM HHTepBaJie He OTPUIATENbHA (He
IIOJIOJKHATENBHA), T.e. f(x) > 0 (f'(x) <0).

Teopema 2. Ecnu dynrnus y = f(x) auddeperuupyema B
unTepsaze (a; b), yaoBjseTBOpAeT B HeM ycaosuio f(x) > 0
(f(x) < 0), To 5Ta PyHKIMA BozpacTaer (y6rIBaeT) B uHTEp-
BaJye (a; b).

MakxcumMyM ¥ MUHUMYM QYHKIMH HashIBAETCA JKCMpe-
MYMOM QYHKYUU.

Teopema 3. (Heob6xoxumoe ycioBue aKcTpeMyma.) Ecau
dyuruua f(x) nuddepennupyema s unrepsare (a; b), nmeer
161
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B TOUKE X,, @ <X <b 3KCTpeMyM, TO ee MPOUBBOAHASA B 3TOM
TO4Ke paBHa HyXo: f'(x,) = 0. 1

Teopema 4. (JocraTounoe ycmosue sxcTpemyMa.) Ecnu
npousBofHaa ¢yuknuu f(x) obpamaerca B TOUKe X, B HYJIb |
¥ IpH Imepexojie yepe3 TOUKY B HAIPaBJIEHWH BO3PACTaHUSA
X MeHseT 3HAK <«ILIIOC» («MUHYC») Ha «MHUHYC» («ILIIOCH),
TO B TOUKE X, 3Ta QPYHKIUA MMeeT MAKCHUMYM (MHHUMYM),
Ecnu xe opu Iepexofie uepes TOUKY X, IPOU3BOAHAA QYHK-
oun f(x) ue fMieHdeT 3HAK, TO B 3TOR TouKe QyHKIUS f(x)
SKCTpEeMyMa He UMeeT.

Bo3pactanue u y6biBaHue hyHKUUM OQHON
nepemMeHHOM

CdhopmysinpyeM TeopeMy O MOHOTOHHOCTH GyHKIUH.

Ecxn f'(x) > 0 ma npomexxytke (a; b), To Ha (a; b) QyHK-
nus f(x) Bospactaer. Ecau f'(x) <0 ma npomesxyrxe (a; b),
T0 Ha (a; b) dyErnma f(x) yOpIBaer.

®yuxuusa f(x) eospacmaem Ha npoMexyTKe (a, b), ecnn
U3 TOro, 4TO X,> X, = f(x,) > f(x) V x,, x, € (a, b). ! f(x)
yOvieaem Ha mpoMexyTke (a, b), ecam x, > x; = f(x,) <
<f(x) V x,, x, € (a, b). Ha pucyHke a) moxkasaHa BO3pacra-
omasn GYHEKINI, Ha pucyHKe b) — yOrIBaromias.

LY YA

[ R

Y T

x 0

Teopema (Heo6x0d0umblii npusHak eo3pacmanus (YyOvl6anus)
dynryuu). A
1. Ecam f(x) BospacraeT u auddepennupyema Ha (a, b) =

f(x)20 V x e(a, b).
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2. Ecnu f(x) y6siBaer m guddepenuupyema Ha (a, b) =
f (x)<0 pna scex x € (a, b).
HoxasarenscTBo:
1) IIyers f(x) — puddepennupyema u Bospacraer Ha (a, b).
CorutacHO onpefesIeHUIO IIPOU3BOLHOIM,

f(x) = lim [E+A0) - f(x)
Ax—0 Ax
Ecin x, x + Ax € (a, b), T0O B cMJIy BO3pPaCTaHUA 3HAK
npupamenusa QyHKIuHU f(x + Ax) — f(x) coBnagaer co 3HaKOM
npupaitenus Ax (rge Ax = 0). CnegopaTrenbHo,

f(x+Ax)_f(x)>0. (*)
Ax
Ilepexonsa B (*) k npegeny npu Ax — 0, nmeem f'(x) > 0.
2) JoxasaTensCTBO BTOPOH 4acTU TeOpEeMEI AHAJOIUYHO.
Ecnu f y6uiBaer, TO, COTJIACHO ONpefeNeHHUIO, X, > X; =
= Ax >0 u f(x+ Ax) — f(x) <0, ciregoBaTensHo, f'(x) <O.

Teopema (docmamounblii npusnax eospacmanua u yoviéa-
' HuA Qyukryuu).
1. Eeam f'(x) >0, V x € (a, b), Toraa f(x) Bospacraer Ha
3TOM IIPOMEKYTKe.
2. Ecan f(x) <0, V x e (a, b), Torga f(x) yObiBaeT Ha 3TOM
TIPDOMEXKYTKE.

JokazaTenbCcTBO:

IIyers f(x) Taxas, uro f'(x) >0 mpu a < x < b. B cuny
u TeopeMnl Jlarpamxa V x,, X, € (a, b) MoxHO 3anucarh
f(xz) - f(xl) = f'(é)(xz - xl)’ rae &.» € (xp xg)a
T.e. A< X, <X,<b.
Ho rax xax f(§) >0 u x, - x, >0 = f(x,) - f(x;) >0 nan
f(x,) > f(x,). Ilo onpegenenuio f(x) — Boapacraer.
2) [lokaspiBaeTcAa aHAJOTHYHO,

3ameuanue. Ecaum dyaxkmus f(x) BospacTaer miaHu
f(x) y6rIBaeT, TO oHa HasbIBaeTcsS MOHOMOHHOU. I[Ipome-
JKYTKH BO3pacTaHUs MUIH yObIBaHNA QYHKIUHA HA3LIBAIOTCH
npomexNymramu MOHOMOHHOCMU.
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HeobxoguMmbie 1 JOCTaTO4HbLIE YCAOBUA
3KcTpemMyma thyHKUuM

Toura x, HaskIBaeTCA TOUKOH MMHMMYMa GYHKIMH
f(x), ecnu MOXkHO HAWTH TAKYI0 OKPECTHOCTH 3TOH TOUKH,
4TO AJA JI000H TOUKHU X M3 9TOH OKPECTHOCTH BHINOIHICTCH
yenoswue f(x) > f(x,).

Touxa x, HashIBaeTCA TOUKOH MakcHMyMa GYHKIVK
f(x), ectu Mé:KHO HANTU TAKYI0O OKPECTHOCTb BTOH TOUKH,
49TO AJA JI060H TOUKM X M3 3TOH OKPECTHOCTH BHINOJIHSIET-
ca yeaosue f(x) < f(x,). Ha pucyHke faHB! IpUMepsl TOUeK
MUHHMYMA U MaKcuMyMa QYHKITHIL:

17 Yy Y Y
M ox, 2 b x  x 1

Lt l

0 X

b

Ry

]

Touku MaxcuMyma u MuUHEMYMa QYHKIAY Ha3EIBAIOTCS
TOUYKAMH 3KCTPEeMyMa.

ChopmynupyeM TeopeMy 0 HEOOXOTMMOM YCIOBHM IKC-
TpeMyMa QYHKIMHA: eCcliM B TOUKE IKCTpeMyma (PyHKIUA
f(x) uMeeT MPOU3BOAHYIO, TO IPON3BONHANA PaBHA HYJIIO.

Orcrona ciefyer, 9TO TOYKM 3KCTPpeMyMa QYHKIUHK Cle-
AyeT UCKAaThk CPeiu TeX TOYeK ee 00JacCTH onpefeeHns, Ihe
NPON3BOZHAA PYHKUUH DaBHA HYJIO.

VA Ecnu f'(xy) =0, ar0 eine He sHa4UT, YTO B
y=x3 TOYKE X, eCTb 3KCTpeMyM. [IprMepoM MokeT

CIIYyKUTh QYHKIHA Y = x3. B Touke x =0 ee
NpOou3BOAHAsA paBHA HYJIO, HO dKCTpEMyMa
dyaknua ne umeer. 'padbux Ppynrumy uso-
7 = OpaskeH Ha pUCYHKe.
Touka, B KOTOPOH IpOM3BOAHAS DaBHA
HYJII0, HA3HIBAETCA CTAIMOHAPHOM.

Touku obnacTy onpejeileHHd QYHKIINH,
B KOTODHIX IMpou3BoAHRas aubo paBHA Hymo ambo He cyimie-
CTBYeT, Ha3hIBAIOTCA KPHTHUYECKHMH.

Kak 6bL10 IOKa3aHO BhIlE, ¢ HOMONIBIO HEOGXOZMMOTQ
YCJIOBHUS HeNb3s ONpeReHnTh, ABJSETCA JU JAaHHAA TOYKA
TOUKOi 3KcTpeMyMa, TeM Gosiee yKasaTh, KaKoH BKCTpEMYM
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peanusyerca — MaKCHMYM MJIH MHUHMMYM. [I1a Toro uro-

6bl OTBETHUTH H& 3TH BOIIPOCH, CHOPMYJIHUDPYEM H AOKAKEM

TeopeMy, KOTOpas HA3BIBAETCS JOCTATOYHBIM YCIOBHEM
JKCTpEMyMa.

Iycrs dyaxnus f(x) HenpepsIiBHA B Touke Xx,. Torxa:

1) ecan f'(x) <0 na (a; x,) u f'(x) >0 Ha (x4; b), TO TOUKA

X, — TOYKA MHHHMyMa GyHRKIHM f(x);

2) ecan f'(x) >0 ma (a; xy) u f(x) <0 ma (x,; b), TO TOUKA

X, — TOUKAa Makcumyma QyEKmEM f(x).

JoxaxeM mepBoe YTBEPKICHUE TEOPEMEIL.

Tax kak [(x) <0 ma (a; xy) u f(x) HenpeprIBHA B TOY-
Ke x,, To f(x) yOuiBaeT Ha (a; x,], ¥ A jyo6oro x € (a; x,)
BHIIOTHAETCH ycsoBme f(x) > f(x,).

Tax xak f(x) >0 =a (x,; b) u f(x) HenpeprIBHA B TOUKE X,
T0 f(x) BO3pacraer Ha (x,; bl, n mna moboro x € (x,; b) BEI-
nojHAeTcA ycaosue f(x) > f(x,).

B pesynprare nomydaercs, 9To npu Jobom x # x, u3 (a; b)
BBINMOJIHAETCA HepaBeHCTBO f(x) > f(x,), T. e. Touka x, —
TOUKA MHUHEMyMa f(x).

Bropoe yTBepiKieHHe TEOpeMBI JOKA3LIBAETCS AHAJO-

THYHO.

Beisccip o

WUccnepoBaHue iyHKUUM
C NOMOLLbIO NPON3BOHON

ViccneaoBanre GYHKIINH ¢ IIOMOIIBIO IIPOM3BOAHON IIpO-
BOAUTCH TO CAERAYIOINEH cxeMme.
1. O6xacTs onpenesieHUA QYHKIIMH:
D(f) — sHaueHUA X, IPHA KOTOPHIX GYHKIIHS CYILIECTBYET.
2. YeTHOCTHs MM HEYETHOCTH (QyHKIHM:
DyuKIua yeTHasd, ecan f(—x) = f(x), rpadur cuMMeTpH-
YeH OTHOCHUTEeNBLHO ocu Oy;
¢yHKIUA HedeTHad, ecad f(—x) = —f(x), rpadux cuMm-
MeTPHYEeH OTHOCHUTENHLHO Hayasla KOODAMHAT.
3. Touxkn nepecevyenusa rpagukKa ¢ 0CAMU KOOPAHHAT:
¢ ocsi0 OQy: x = 0, HaxoauM y;
¢ ocsr0 Ox: y = 0, HaxoaUM X.
4. Haxoxum nmpoussoxayIo f(x).
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5. Haxoxum KpuTHyecKkHe Touku GyHKUUH — TOYKH, B
KOTOPEIX NPOM3BOXHAN (PYHKIIMM PABHA HYJIO MM HO
cylLIecTByeT. "
f(x) = 0. Crpoum unrepBansl. Touku, B KOTOPHIX IPO-

u3BoAHasA paBHa 0 MM He CcyIuecTByeT, pasbuBaioT 06JIaCTh
ompezneneHusa f(x) Ha MPOMEKYTKHU, B KOTOPHIX f'(x) coxpa-
HAET TOCTOAHHBIN 3HAK.

6. Haxomum npoMe:kyTKH BO3pACTAaHUA M yORIBaHHA
byHEKIHM — ompeaensdeM 3HAK IIPOM3BOJHON B Ka-
KOii-TH00 TOYKe MeTOAOM HHTEepPBAJIOB:
ecan f'(x) > 0, To GyHKIUS BO3pacTaerT;
ecau ['(x) < 0, To QyHKnus y6niBaer.

7. Haxopum TOYKH 3KCTpeMyMa (DyHKIIMM — TOUKM MakK-
CMMYMa ¥ MHHHMYMa:
eclIH B TOUKe X, f'(X) MeHAeT SHAK C «+» HAa «—», TO

X, — TOYKa MaKCHMyMa;
€CIlM B TOUKE X, f'(X) MeHseT 3HAK C «—» Ha «+», TO
X, — TOYKa MHHHMYyMa.

8. Haxoxum 3navennsa dyuxuuu f(x) B TOuKax sKcTpe-
myma f(x . ) u f(x_, ) — skcTpeMymMEl dyHKIMM.

9. Haxoaum f'(x):
ecan f'(x) > 0, To GyHKIUS BOrHyTad;
ecat f''(x) < 0, To QYHKIUSA BEITyKJIad.

10. Haxonum nonoIHUTEIbHbIE TOYKH I8 HCCIeT0OBAHNSA
noBedeHUsT QYHKITHN NPH +00 H IPH —o©.
11. Crpoum rpacdux.
PaccMoTpuM ucciefjoBaHMe QYHKINYM HA IIPUMepe: HC-
CleloBaHUe U NIOCTPOoeHMe rpaduka pyurunu f(x) = x3 — 3x.

1. D(f) = R, x € (~o0} +m).

2. f(x) = (~x)3 — 3(=x) = —x3 + 3x = —(x3 — 3x).

f(—x) = —f(x) — byHKUUA HeveTHAas, T.e. rPadMK CHM-
MeTpuYeH OTHOCHTEJIBHO HAYAJa KOOPAUHAT.

3. HaxoauMm TOUKM IepPecedeHUs C OCAMM KOOPAMHAT:
coceo Oy: x =0, y = 0 (0; 0);
coceo Ox: y = 0.
x3—3x=0;
x(x2—3)=0; x2 = 3;

x, =0; x =3; X3 = /3.

4. HaxopuM OpON3BOAHYIO (QYHKITHAA:

fi(x) = (x® — 3x) = 3x2 — 3.
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5. HaxoxuM KpuTHYeCKHe TOYKK GYHKIINHU:
f(x) =
3x2—-3=0;
x, =1 x,=—L.
6. HaxoquM IIpOMeKYTKH BO3pacTaHUA 1 YOsIBaAus (pymc-
0970388

f(-2)=3 - (-2)* - 3= -
S 12-3=9> 0. Y oy W
f(0)=8-02-3=—38<0. —"-1 ~~1— [
f(2)=8 - 22 - 3=
-12-3=9>0.
7. HaxoguM TOUKM 3KCTpeMyMa GYHKIINA:
X, =1y x =1,

max

8. Haxomm sHaueHuA GYHKIUM f(X) B TOUKAX SKCTPEMyMa:

X, ~1; Ypuy = fxp) = f(-1) = (-1)* = 8(-1) =
--1¥F 3 2;

Zpin = 1; ymm=f(xmm)=f(1)=13—3 +1=1-3=-2.

9. Banonnsaem Tabmruny:
x (—o0; 1) -1 -1 1) 1 (1; + =)

f(x) + 0 - 0 +

f(x) 2 a N - ”
4 max min
10. f(x) = (3x2 3y = 6x; Y )
S (O X

x=0. )

11. Crpoum rpaduk
¥y

P 1
i

ﬁ
e ———
=

-1 0

P—
)

[
/
r
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Ne 71.

CocrasbTe ypaBHeHNe KacaTeNsHOM K IpagyKy GyHKIHH
f(x) =x3 - 3x -~ 1 B Touke M c¢ aGenuecoit —~2. Banumure
yriaosoi KoaddunmenT sToil KacarerpHOIH.

Pewenue:

Iloxcrasum x,=-2 B 06iee ypaBHEeHNe KacaTelbHOLL:

1(x) = f(xg) + f(x) (x - xp).
Beryucium 3Hauenue GpyHKIUN:

)= f(-2)=(-2)- 3 (-2) -1=-8 +6 - 1=-3,
npousBoxHYIO ['(x)=3x%~ 3 U ee 3HAYCHHUE B TOUKE KACAHUS:
f(-2)=3(-2)2-3=12-3=0.

Iloxcrasus oty 3HaYeHUs B ypaBHeHHe, IOIYIUM
Yy=9(x +2)-3=9x +15.

Yriosoit kKoadduiuesT KacaTeasHOH paBeH 9.

Omeem: y=9x + 15.

Ne 72,

CocraseTe ypaBHeHUE KacaTeIbHOM IS AaHHOM byHKIIHN
B TOYKE KACAHUSA X

1) flx) = 2x — x2, x, = 2.

2) f(x)=x2+1x——1

3) flx)=x3-1, x,=—1.

4) ]’(Jc)——33c2 2x +4,x,=0.

5) f(x) =8 — x% x, = 2.

6) f(x)——5x-—x x, = 1.

7 flx) = x%—38x, x;=—1.

8) flx)=4x2— 2x +14 x,=—1.

9) f(x) =6 —2x— x?%, x,=—-2.

10) f(x) = 8x — 6x2, x, =—1.

Ne 73,

Hafigure Hanbonbillee 1 HauMeHbIee 3HAYCHUS GbyHK-
nuu y = x> 3x +4 Ha orpesxke [-1; 2].

Pewenue:

Haiizem npomsBoanyic GyHKOUU ¥ NpHpaBHIEM ee K
HYJIO JUIA ONPEAENICHUA TOUEeK 9KCTPEMYMA HA OTPesKe:

168

Janauus
[ANA CaMOCTOATENbHOI paboThl




y=3x22-3; y'=0; 3x2-3=0.
3HaYUT, KPUTHUECKHE TOUKH X, , =*1.

O6e TOYKH IPUHAJIEXKAT JAHHOMY OTPE3KY.
Haiigem sHadyeHre GYHKIMY B 5THX TOYKAX M HA KOHIAX

OoTpe3Ka:
y(-1)=6;
y(2)=0.

3Hauur, HauGosbiee 3HaYeHNEe QYHKIUU Y= x3~ 3x + 4
Ha orpeske [-1; 2] paBuo 6 npu x =-1, a HauMeHbIIIee 3Ha-
yenve pyHKuuY y = x3- 3x + 4 Ha orpeske [-1; 2] pasHo 2
npu x = 2,

Omaem: {nlag y(x)=y(-1)=6;

[Ijlll;gly(x) =y(2)=0.

Ne 74,
1) Haiigure HauGoJpllee ¥ HaMEHbIIIee 3HAYCHUA PYHK-
uuu y = x3 — 4x2 — 3x + 2 ua orpeske [2; 5].
2) Hafizure HaubGonplIee 1 HaMeHbIIee 3HAUEHHUS (PYHK-
unm y = x2 + 5x2 — 8x + 1 Ha orpeske [—5; —2].
3) Haiigure nauGonpuiee ¥ HauMeHbIllee 3HAYCHUA QYHK-
uuu y = 15x% — x? ga orpeske [—1; 10].
4) Haliaurte Haubosbliee 1 HauMeHbIlee 3HaUeHUA PYHK-
nuu y = 6 + 27x — x3 Ha orpeske [—3; 4].
5) Haitgure HanGoabIlee ¥ HaUMeEHbIIee 3HAYCHUA PYHK-
muu y = 5 + 6x — x2 Ha orpeske [—2; 4].
6) Haiigure Hanbosbillee M HAUMEHLIICE 3HAUCHUA PYHK-
uuu y = 6x2 — x% Ha oTpeske [—2; 3].
7) Haiignre HanGoJbiliee ¥ HauMeHbIlee 3HAYeHUA QyHK-
muu y = 2x? + 4x — 6 Ha orpeske [—2; 0].
8) Haiigute HanGoJblllee M HaMMeHbIIIee 3HAUYeHUA QYHK-
uuu y = x* — 8x2 — 9 Ha orpesxe [0; 3].
9) Haliaure Hanbosbllee 1 HauMeHbIlee 3HAYEHUA (PYHK-
uum y = 3x° — 5x3 na orpeske [ 2; 3].
10) Haiignre HanboJsiplllee © HAMMEHbIee 3HAYEHUA (PYHK-
ouu y = x° — 6x + 1 Ha orpeske [—1; 2].
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Bonpocsi no Teme

1. B uem 3axnionaemca zeomempuueckuii CMbiCL NpoOU3-
600n01?

2. Kakasa npamas HA3bL6GeMCS Kacamenvholl k zpagury
pynryuu?

3. Kax 3anucvieaemca ypasHenue Kacamenvhol K zpaguiy
dynryuu?

4. Kax naxedumcsa yzao80l xosduyuenm xacamenvHoi
K zpagury dynrxyuu?

5. Yemy pasro sHavenue npoussodnol 6 mouke Kacanua?

6. Karoeb. npaeuna naxomdeHus mouex sxcmpemyma
dynryuu?

7. Cpopmyaupyiime docrmamoyunuili NPUIHAK 603PACTNAHUA
u ybuviearnusa QyHKYUU.

8. Kax Haxodamca naubonbuiee U HAUMEHbULEE 3HAYCHUA
dynryuu? ‘

9. Kaxoe anzopumm uccaedosanus QyHkyuil ¢ nomousio
npou3eodnoii?

10. Kakue ceolicmea QyrKyuUu paccMampusaomes npu ee

ucciedo6arUlL ¢ NOMOWDbIO NPOUIEOTHON?

Tema 2.6. lepBoobpasnan
¥ HeonpegeneH bl MHTerpan. 3amena
nepemMeHHoi B HEONPEReNEHHOM MHTErpane

.

,@) TepmuHb!

¢ TTepBoob6pasHas

» Heonpegenenurrit HATErpaX

o Tabauunnit HATErpaJ

e MeToan! MHTETPHPOBAHMS

* HenocpeAcTBeHHOE MATEIPUPOBaHHE
* MeTox 3aMeHH nepeMeHHOH

o HHTErpupoBaHue 10 YaCTIM

e IIpenensl HHTErPUPOBARUS

e IloxuiaTerpansaas PyHKnnAs
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OCHOBHbBIE NOHATUA
EP Nepsoobpa3Han

Dyaknud F(x) HasplBaeTca nepsoodpasuoi ans GyHK-
uuH f(x), ecnu F'(x) = f(x) wiu dF(x) = f(x)dx. Bcau pyarnus
f(x) umeet nepBoobpasuyio F(x), To 0HA MMeeT GeCKOHeUHOE
MHOXKECTBO HepBOOOPa3HBIX, IPUUEM BCe ee IepBoobpasHbie
conepxarca B Beipaskenun F(x) + C, rae C — nocTosgHHAaA.

Csoicrea nepsoobpasHoil

1) Ecnu dyrxupa F(x) asaserca nepsooOpasHoit 1A QyHK-
MU f(X) Ha HEKOTOPOM IPOMEXKYTKE, TO MHOXECTBO BCex
nepBooOpasHeIX Ans yHxuuu f(x) saganTres GopMyJioi

. F(x)+C,CeR. ‘

v 2) IlepBooOpasHas CyMMBI JBYX HJIM HECKOJBKUX QYHKIUL
paBHa cyMMe IepBOOOPa3HLIX 3TuX (yuxuuit. Eciu F
ecTh mepeooGpasHasi a4 f, a G — nepBoobpasHad A4 &,
To F + G ecTh nepBooGpasHad aa4a [+ g.

3) ITocTOAHHEBIN MHOMKKATENL MOMKHO BLIHECTH 32 3HAK Nep-
BoOOpasHo#l. Ecan F ecth mepBoobpasHasa aiasa f, a B —
nocrossHHas, To byHKnua BF — neprooGpazHas axs kf.

4) Ecnu F(x) ects nepsoobpasuas aus f(x), a k u b — mo-

CTOsAHHBIE, npuyeM k # 0, To % F(kx +b) ecrs nepso-

oOpaguasa gua f(kx + b).

HeonpegeneHHblii wHTerpan

MaremaTHueckre omepamuu o0pasyoT DAapeEl ABYX
B3aMMHO OGpDATHBIX AEHCTBHMH, HAUPUMEpP, CIOXKEHue U
BEIUHTAHNE, YMHOXKEHNE U JeJieHHe, Bo3BeleHUe B LIEJIYIO
NOJIOKUTENILHYIO CTeIleHb ¥ HU3BJeYeHHe KopHA. JIuddepen-
IIMPOBaHWE AAeT BO3MOMKHOCTE AJs 3ajadHoil dynknuu F(x)
HAXOAWTH ee npousBoiHy0 F'(x). CymecrByeT neticrsue, 06-
patHOe audpepeHINPOBAHIIO, — OTO HHTETPHPOBAHKE —
Haxox/enve GyEruuM F(x) mo msBecTHO ee IPON3BOAHOM
f(x) = F'(x) unu muddepenunany f(x) dx.
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HeonpeneaeHHbIM HHTErpaaom ot byaxnun f(x) (win
OT BeIpayKeHUdA f(x) dx) Ha3BIBAETCS COBOKYITHOCTHL BCEX €€
nepeoo6pasHbix. OGosHauenne If(x) dx = F(x) + C. 3pgech
| — snax mmTerpana, f(x) — mopBIHTErpanpHan QYHKIUA,
f(x) dx — moxeIHTErpanLHOE BHIpaXKeHNe, X — lepeMeHHas
uHTerpuposannsa. OThICKaHNE HeollpeJeIeHHOI0 MHTerpaia
Ha3BIBAETCSA UHMeZPUPoBanuem QyHKyuu.

CsoiicTBa HEONpeneneHHoro uHTerpana

1) ITpousBozHasA OT HeoNpPeAeJIeHHOr0 HHTErpaja paBHa

TOJABIHTErPAJIbHOR DYHKIIHUHU:
([fx) day = fx).

2) IuddepeHIal oT HEOIIPELEJIeHHOIo NHTETpaa paseH

TMOABIHTErpaJIbHOMY BBIDAYKEHHUIO!
d ([f(x) dx) = f(z) dx.

3) Unrerpai ot muddepeHnuana neppootpasHoil paBeH
caMoii nepBooOpasHOii ¥ JONOJIHNTEIBHOMY ClIaraeMo-
my C:

[d (Fx) =Fx) +C.

4) IlocTOAHHBIA MHOYXHUTEJIb MOXXHO BBIHOCUTHL 3a 3HAK

HeolpefeJIeHHOTO MHTEerpaa:
[€ f(x) dx =C [f(x) dx.
5) Hurerpas ot anredpamyecKoil CYMMb! KOHEUHOTO YHCIIA

dbyeKIIMI paBeH anrebpandecKoOd cymMMe HMHTErDPaJIOB
OT cJaraeMbIX:

(U7, @ £ £,@)1 dx = [[f, )] dx + [[f, ()] dx.

Tabanna MHTErpagoB HAXOAUTCA B IPHJIOKeHNH 1.

OcHoBHbie MeTofbl HHTErpUPOBAHUA

OCHOBHBIE METOABLI MHTETPHPOBAHUA HeOIPEAeJIeHHOTO
WHTerpaua: HemocpeAcTBEHHOe MHTerpHpOBaHUE, MHTErPH-
pOBaHUe 3aMeHbI IepeMeHHOM, HHTerpUpPOBaHYe [0 YACTIM.

1. Memod Henocpedcmeennozo uKMeZPUPOBAHUA
HenocpeacTBeHHBIM MHTErPHPOBAHNEM IIDHHATO Ha-
3HIBATH BBHIUHCJICHHE HeoNpeXeJeHHBIX WHTETDAJIOB IIyTeM
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OpHBEJEHUA UX K TaGJAUYHBIM ¢ NPUMEHEHHEM OCHOBHBIX
CBOMCTB. 3/ieCb MOT'YT IPEACTABUATHCA CJIEAYIOIHe CIyIau:
1) pauHBIA UHTErpan GepeTcs HemoCPEeCTBEHHO Mo GopMy-
Jie¢ COOTBETCTBYIOINEro TabIWYHOrO MHTErpasa; 2) AaHHBIH
UHTerpaJ nocje NIpUMeHeHUA CBOMCTB IPUBOAUTCA K OLHO-
My HIM HECKOJBKUM TabJUYHBIM HHTEerpayiaMm; 3) AaHHBIM
HMHTErpaj mocje 3JeMeHTApHAIX TOXKAECTBEHHBIX Npeobpa-
30BaHMH HaJ IMOABIHTErPANLHON QyHKIHEHd U IpUMEeHEHIEM
CBOMCTB IPUBOAXTCA K ONHOMY MJIM HeCKOJIbKHMM TabINIHBIM
WHTErpajaM.

2. Humezpupoeanue memodom 3ameHb. nepemennoil
(cnoco6om nodcmanosxu)
3aMeHa IlepeMeHHO B HeoIIpe/ieJIeHHOM HHTErpaJe Ipo-
U3BOAUTCA C IIOMOIIBIO IOACTAHOBOK ABYX BUJOB:
1) x=¢ (%), rae ¢ () — MOHOTOHHAS, HEIIPEPHIBHO AU(-
¢depennupyemas PyHKDUSI HOBOH IepeMenHo#l ¢{. Popmyna
3aMeHbl IEPEMeHHOM B 9TOM cjyyae HMeeT BUJ

[fx)=[f 16 B ¢'() d2);

2) u=wy(x), rae u — HoOBasA mepemenHaa. ®opmyna 3a-

MEHBI IIepeMeHHOH IPH TaKO0l MOACTaHOBKE:
(71 v@ v'(x) d(x) = [fw) du.
3. Humezpuposanue no wacmsam

WuTerpuposanzeM 1o 4acTIM HA3BIBACTCA HAXOXIeHUE
uHTerpana no dopmyie Judv = uv - Jv du, rae u = ¢ (%),
v =vy(x) — HempepwulBHO AuddepeHIUpYyeMEe QyHKIUY
or x. C momomibio 3101 GOPMyJEl HaXOKAEHHE HHTerpajia
fudv cBOmMTCA K OTBHICKAHMIO APYroro uHTerpana v du; ee
nIpuMeHeHHe nejecoofpasHo B TeX CAYYAAX, KOTAA TOCIel-
HuU uHTerpan jaubo mpoliie UCXOAHOro, JH00 eMy NoxobeH.
IIpu aT0M 3a U Geperca Takas QPYHKIUSA, KOTOpAS Ipu gud-
depernupoBaHUYM yIOpoOIIaeTCd, a 3a dU — T4 4aCTh HOJBIH-
TerpajbHOr0 BBIPAXKEHWS, MHTErPaj OT KOTOPOTO U3BECTEH
WA MOXKeT OBITH HalijeH.

Kpome sToro, cymecTByoT pasiIuyHbe [IPUEMBI HHTe-
rPHMPOBAHUSA. PacCMOTpHEM HEKOTOpHIC U3 HUX.

PaccMoTpHM IIpHMeEpHI.
2
x
IIycrs | xdx = = + C.
yers | 5
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a) 3aMeHMM X HA Sin X, MOJIYYHM

sin x

_[sin xd(sinx) = +C,

-2
sin“ x
+C.

T. e..fsinxcosxdx =
6) 3ameHUM X Ha In x:
nlx
fln xd(ln x) = —2—- +C

nIn

J-lnx =M+C

BaxHO yMeTs TIpPOBOAUTH npeoﬁpaaoBaHne f(x)dx =
= g(u) du, rae u ecTb HeKOTOpasA PYHKIUA OT X U § — QyHK-
uus, 6osee nipocTas AN HHTeIpMPOBAHUSA, deM f.

OTMETHM HECKONBKO INpeobpasoBaHHWil, HOJNE3HEIX B
JaTbHeHIIeM:

1. dx=d(x +b), b=const;
2.dx = ld(d - x), a — const = 0;
a

@

dx = %d(a-x+b), a,b - const # 0;

. xdx = ld:’cz;
2

4

© 5. sinxdx=- d(césx);
6. cosxdx = d(sinx);
7. ¢"(x)dx = dd(x)'.
PaccMoTpuM npumepsl.

1. jtgxdx=J‘SiLxdx= J'd(cosx)

—-In|cos x| + C;
cosx cosx

2
2. [x-e dx= %je"zd(xz) = %e* +C.

Sameuanus 06 unmezpanax, He 6blPAHCAIOULUXCA Uepe3
dnemenmapHbie QYHKYUU.
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Teopema (Kowu). Beaxaa HenpephlBHAs QyHKIOHMA HMMeeT
nepBoo6pasuyo. To ecTs mycTs f(x) — HenpepriBHa, onpe-
JexeHa Ha (a, b) = 3 F(x) : F'(x) = f(x), u Torga

[f(x)dx = F(x) + C.

Ho TeM He MeHee He periaeTcsa BOIPOC O TOM, KaK HaWTH
IIepBOOOPABHYIO ¢ HOMOIILI0 KOHEUHOI'O YMCJA M3BECTHBIX
omepanuil Haj 3leMeHTapHHIMH QyHKuuammu. Boxee Toro,
UMeeTCA PAA HeIPePLIBHLIX 3JIE€MEHTAPHBIX QYHKUUM, MH-
Terpajisl OT KOTOPHIX HE ABJSIOTCA DJIEMEHTADHLIMU (PYHK-
unamMy. Takne WHTErpaisl Ha3hIBAIOTCA «HEGEPYIEMUCT».
Hampumep:

- d
o< [ an [2ar; [ 45

M PAA ADYTHX.
Paccmo'rpnM eine HeCKOJIbKO IIpHMEPOB.

W+2_3&d

1) Haiignre uHTErpan I———————
Jx

Pewenue:

B moasiaTerpanpHOi q)ymcun‘a paszennM IOYJEHHO
YHCINTENbs HAa 3HAMeHaTedb. 3aTeM BOCIOJBL3yeMCA CBOI-
CTBOM HeoHNpeAelIeHHOI'0 HMHTerpajla, a Takke Ta0auuyHoHK
dopmynoil, npeoGpasoBaB IpeJBapUTENbLHO, €CIU HYMKHO,
NOABIHTErpaNbHYI0 QYyHKINIO K BuAY x°. Ilonmyaaem

J‘\[_-f-‘/z; 3\/— Jyﬁ %_3 dx =

—j( x84+ —3)dx jxl/ﬁdx+j 1/zd;wt: 3Idx-
1+1/6 1-1/2 ‘
x x 66/ 7
TSV Rk iy R A A L Lt

Omeem: g%c_" + 4\/; -3x+C.

IIpu BrIuMCIIEHNHN MHTETPAJA OT CYMMBI (PYHKIUM CyMMy
[IPOM3BOJILHEIX IIOCTOAHHBIX, KOTOPAdA IIPH 3TOM MOJIY4aeTCH,
3aMEeHAIOT OJJHOH IIPOM3BOJILHOI MOCTOSAHHOM M 0603HAYAIOT

ee Oyxsoi C.
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2) Haiigure unTerpan J'cosz —925 dx.

Pewenue:
STOT UHTErpan He SIRNAECTCH TAGAUYHLIM. IIpeoGpasyem
TIOALIHTETPATIBHYIO QYHKIUIO, HCIOAL3YA GOPMYJY TPUrO-

P 1+ cos20
HOMETDHHU COS° ¢t = — 3aTeM HCHOAB3yeM Tabuaud-

Hyio ¢popmyny. [Homxyuum
' 2 X 1+cosx
s°=dx = | ————dx =
foos? Zdx = L8
1

= J'(l +cosx)dx = %(Idx + Icosxdx) =

=3 (x +sinx) + C.

1
2

Omeem: —;—(x +sinx) + C.

dx
3) Haiianre unrerpan | ——— .
) Haiiy rpan | N

Pewenue:
ITo Ta6xwanoit dopmye, rae a = +/3 , Hoay4daem

J'—\/_—__d—x—_g = arcsin—\%— +C.
3-x

. X
Omeem: arcsin— + C.

V3
4) Haiigure unterpan J‘ctgz xdx.
Pewenue:
OTOT MHTErPAN He ABJIAETCH TaGIMUHBIM. IIpeoGpasyem
IMOABIHTETPANBHYIO (DYHKIIUIO, UCIONb3Ys HOPMYIIBI TPUTO-
2

cos
HOMeTpnu ctg x = x =1. Hoayuum

X 2 .
, €os“ x + sin
X

2 d 1-sin® xd
o s oz ot
=j' dx -_[dx:—ctgx—x+C.

sin®x
Omeem: —ctgx ~ x + C.
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2

5) Haiigure uHTerpaN f 5 dx.

1+x
Pewenue:
JroT MHTerpan He ABJisdercA TabnmunsiM. IIpeobpasy-

eM YHCIUTeNnb clenyommum ofpasom: x2=x2+1 -1, sarem
pasmesumM qncm«rrem, Ha 3HaMeHaTeJ s noulenHo. Iomyaum

1- 1 1 1
J-1+x -‘-x + J-(x +1) -

2+l xt+1
—f(1—x +1)dx [dx - j

Omeem: x — arcigx + C.

—x—arctgx+C.

3amevanue. [Ipubasiedre 1 BHUNTAHHUE B YHCJIHUTE]E
NOJLIHTErPaJbHOM QYHKIMK HEKOTOPOM KOHCTAHTBI -— 3TO
npeo6pasoBaHue, 4acTo IpHMeHAEMOe IPH HaXOMKACHHH
unrerpanos. Hanpumep:
xtdx J-(x ~9)+9 J-(x —3)(x +3)+9
22 +3 x2+3 P

9
= [(a? —3)dx+9f +(\/_ 3x+7_3—arctg7x§-+c.

6) Haiizure unTerpan J.cos xe P dy,

Pewenue:
Brecem ¢pynrumio cosx mog sHak auddepennuana. J

Tlonyuum j cosxe®"*dx = J e ¥d(sinx) = ¢* + C.

Omeem: es"* 4+ C,

. Jaresin x
T) Haiigute naTerpan J'—————dx
V1 - x?

Pewenue:
Brecem ¢yHKIUI arcsinx mox 3Hak Auddepennnaia.
Honyunm

j———mJj%chx = j\/arcsinx darcsinx = g(arcsinxf/ licC
1-x

Omeem: %(arcsinx)% +C. i
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8) Haiiaure uaTerpan J' x3e* dx.
Pewenue:
Brecem ¢ymxunuio x® mox smax Audpdepennuang

1 .
(xadx = de4 » 3aTe€M BOCHOJIb3yeMcCs TabGauuHOH (op

MYJIOH.
3 x! _ 1 4 _l x*
HOJIY;;I/IM J'xe dx—z_[e (dx )—4e +C.

Omeem: ie"4 +C.

" x
9) Haiigure uuTerpan f
Vv1+ x*
Peuwenue:
Ha nmepBom mare mox smak Auddepernuana noxeeneM!

dx.

bysrnuo x2: xdx = %d:’c2 , 3aTe€M HCIOJb3yeM TabIHIHYI0
dopmyay. Toraa

2 ,

I——x——dx = lJ.——ﬂ—d:x: = —l—ln(x2 + \/1 +x) +C.
V1+xt 27 1+ @2 2

Omeem: -;—ln(xz +1+ x4) +C.

3agauun
AnA CaMoCTOATeNbHOM paﬁonl
N 75.
Haitnure neonpeznenennnrii HHTEerpai f x3dx.
Pewenue:
IIpumensem tabnauynsrit HHTerpai, rae o = 3.
3+1 4

Hoxyuaem: |x%dx = +c=2, C.

yae: [ 3+1 4

et
Omeem: T +C.
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Ne 76.

Haiinure nETErpa _[ J—

Pewenue: 1

IMogsiaTerpanbHas GYHKIUS — 3T0 APoGb §J: . 3anu-
x

1
1lIeM ee B BUJe creneHHo#d GyHKINY, 8 UMEHHO! :37_— =x 3,
x

3aTeMm HCIONb3yeM TabaudHyo GOpMyTy HpH O = 1 . ITo-
aydaeMm 3

~=+1 2
dx 3 = 33
— =|x3dx = +C==x3+C= +C.
.‘. :\3/; .[ 1.4 2 \/—
Omeem: g%c_i + C.
Ne 77.
Haiigure unTerpa _[ 3*dx.
Pewenue:
Hcnonssyd Tabnuunyio GopMyay, rae a =3, IoIyIuM
X
[37dx = 2 +C.
In3
X
Omeem: + C.
In3
Ne 78. :
dx
Haiiaute nHTErpaa .
P I 10 + x2

Pewenrue: ’
Ilo TaGrmanoit hopMye, Tae a = V10 , noxydaem

I dx = ! arctg X _icC

10+x2 10 J10
1

Omeem:
70

arctg——-— +C. A

N
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Haiianre mHTErpai f T

-x
Pewenue:
ITo TabianuHo Q)opmyne, TOe a = ﬁ noayvaem
_[ dx |\/_ 7+ x|
7-x° 2J_ |\/7 xl
é
Omeem: Lln @ +C.
27T VT -x
Nz 80.
Haiiaure uaTerpan J‘ sin (5x + 4)dx.
Pewenue:

Brecem nuneiinyro dyarnmio (5x + 4) mon sHax audde-

peHnmana: dx = %d(Sx +4).
Janee Bocrions3yemcsa TabxmyHoM GopMyI0i

[sin(5x + 4)dx =% [sin(5x + 4)d(5x + 4) = —%cos(5x +4)+C.

Omeem: —%cos(5x +4)+C.

Ne 81.
Haiipure unTerpan f(2 - 3x)1%4x.
Pewenue:
100 . _ 1 100 _1(2-30)1™
[ -3x)"dx = —§f(2—3x) d(2-3x) = “3 101 *C
101
Omeem: __.(_2_3_9__ +C.
3 303

N 82,
dx.

Haiigure mHTErpa J.7 1
-x
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Pewenue:

1 - d(7 - x)
f7_xdx J._'Z__;— 11’1'7 xl+C
Omeem: —-1n[7—x| +C.

Ne 83.
Haiiagure nuTerpan f —
cos? 3x
Peweuue
f ——I dix =—1—tg3x+C.
cos 3x cos“3x 3

Omeem: % tg3x+C.

Ne 84,
SanoxanTe Tabauny, rae F(x) — ogsa 13 nepBooGpasHBIX
Iast GyEKIuA f(x):

s L
fx)| 25 | 18| 822 x| xt1 - 2.4 22| 152 - 20m0| 12X B

F(x)

Nt 85.
Haiigure crenyioniue HHTETPANEL:

1) I(3 -x° +x—15)dx .

6
Omeem: 3x—fc————i-+C
6 4x*

.

4

2) (x ——+10x9)dx .

=4
2

Omeem:-{—+—4—+x1°+C. L
2 5x° 1
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3) [(4x? + 8x - 5)dx.
3
Omeem: 2%~

4) [(4x - 1) dx.
(4x - 1)8 ‘c
24
2dx #
%) f (2-5x)3°"

Omeem:

1
Omeem:

Ne 86.

——4C
5(2 - 5x)2

+4x2 -5x+C.

Haiizure HeonpenereHHble MHTErPATIHL:

Bapuanr 1.
1) I(5—x6 +%de;
2) J'(Zx———+12x )dx;

3) [(5x3 + 6x — 4)dx;
4) [(8x - 2)%dx;
6dx
9) | ————;
6) I sin 5xdx.

Bapuanr 3.

1) j(13 -x + —)dx;

2) I(Zx - —6;— + 15x9)dx;

X
3) [(5x3 + 3x — 1,5)dx;
4) [(5x - 3)6 dx;

Bapuanr 2.

1) J'(S - x8 +—4?de;

X

2) j(sx - x% + 7x5de;

3) [(3x2 + 5x - 1,T)dx;
4) [(10x - 11)4dx;

5) J Tdx _;
(4 - 8x)
6) I cos 2xdx.
Bapuasr 4.
1) j(ls - 2¢8 +;4§-)dx;

2) j(3x - —47- + 5x4jdx;

X
3) [(8x% + 6x — 1,8)dx;
4) [(5x - 2)° dx;
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5) | ————=;
) f(12- 6x)°
6) _[ sin 4x dx.

BapuanT 5.

1) j(s o+ l)dx,
x
2) 'f(x—-——3—+12x”]dx;
x7

3) [(5x2 +10x - 1)dx;
4) [(8x - 2)7 dx;
4dx
5 [—— o
6)‘[ sin 2x dx.

Bapuanr 7.

1) ](4— x’ +—17—de;

X

2) I(Qx - x—34- + 2x5)dx;
3) [(6x11 +4x - 1)dx;
4) [(7x - 3y dx;
J- 12dx .
(4-6x)°"
6) I sin 3x dx.

Bapuanr 9.

1) j(m x" + )dx,
x
3 8)
2 6x — — +9x° |dx;
)I( X x9+ x” |dx

3) I(5x2 +3x - 2)dx;

8dx
8 | ———=:
I (7 - 5x)°
6) [ cos 7x dx.

Bapuasr 6.

1 8~ dx;

)I( xt +x ) X;

2) I(3x—i+11x1°)dx;
£

3) [(6x5 + 4x ~ 2,5)dx;
4) [(3x - 2)" dx;
S5dx |
5) [——— PR
6) I cos 6x dx.
Bapuanr 8.

2) I(G x84+ —;ls—)dx;

3) j(5x 1, 2x3)dx;

X
3) [(8x% + 3x — 15)dx;
4) f(4x - 3)" dx;
4dx
5) [——— ERre
6) I cos 3x dx.
Bapuanr 10.

1) _[(5 2x° + )dx,
x°

2) j(sx—xls+ 20x9)dx;

3) [(4x® + Tx - 2)dx;
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4) [(4x +11)7 dx; 4) [(2x + 3)* dx;

dx Tdx
5) | ———; —_—
)I(s 2) f(4—14x)6
6) [ sin 6x dx. 6) [ cos 8x dx.

‘Bonpocsi no Teme

1. Rakoe delicmeue nasvieaemcs unmezpuposanuem? ,

2. Kakaa ¢yuryus nasvieaemca nepeoobpasnoii dns
Qyuryuu f(x)?

3. Ilepeuucnume ocrosHrbie ceolicmea nepeoo6pasrol O

dynryuu. '

Yem omaunaiomea dpyz om dpyza pasiuunbie nepeo-

o0pasnvie pyHuryuu a3 dannoli Pynryuu f(x)?

Qemy paena nepsoobpasnaa Hyaa?

Haiime onpedenenue neonpedenennozo unmezpana.

Kaxaa pynrxyus nasvieaemcs nodvinmezpavhoii?

Ilepewucaume ceoticmea neonpedenennozo unmezpaa.

Kak nposepumpe pesynvmam unmezpuposanus?

10. Yemy pasHa npoussodnas om HeonpedeseHHOZ0 LHMe-
epaaa?

11. Yemy paeen [d(In x® — sin 3x)?

12. Ilepeuucnume memodor unmezpuposanus.

13. Ilepeuucnume ocrosHbie mabauunble UHMEZPALbL.

14. Karxum obpasom evinonnsemcs memod 3amemnv. nepe-
MEHHOU npu UHMezpuposanuu?

15. Moxcho nu npounmezpuposams a6y GyHKyUIO?

™

LN ¢
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Tema 2.7. OnpeneneHHbIA UHTErpan.
dopmyna HutoToHa - JleiiGHnua.
CBoiicTBa onpeaeneHHoro HHTerpana

%) TepMHuHbl

o OnpesieIeHHBIH NHTErpal
o ®opmyna Hrorona — JleiiGanna
} « IIpupamenue nepBooGpa3HOM
e CBoiicTBa OIpeAesieHHOTO NHTerpaia
‘ e T'eoMeTpUYeCKHiT CMBICJ ONPeJeIeHHOro HHTerpana

OCHOBHbIE NMOHATUA

[
OnpepneneHHblii UHTErpan
IIyete f(x) — GyHKUUA, HelpepbiBHasd Ha AaHHOM OT-
peske [a; b], rae a <b, u F(x) — HekoTopas nepBooGpasHast

upu x < [a; b].
PazobreM oTpesok [a; b] Ha n yacreii:

a=xy<Xx <Xy<..<x,=b.
O6osHa4uM AJKHY OTpesKa [X, ;, x;] (i=1+k) uepes
Ax,=x,— X .
Torja BeIuYMHA & = MaxAx; HA3LIBAETCH MEAKOCMbIO
— 1

i=1,2..k
pasbuenus.
3adguKcUpyeM IPOHU3BOJLHEIM 06pa3oM TOYKU
| & elx %) i=1, 2, ..., k u cocraBuM cymmy

G(f;&.l’--"ék) = Zf(él) ) Axi'
i-1

CYMMH TAaKoOT0 BUAA HA3LIBAOTCA UHMEZPANLbHLIMU

cymmamu Pumana.
dyuxnua f HassIBaeTcsA HHTErpupyeMoii (mo Pumany) Ha
oTpeske [a; b], ecim cyILeCTByeT Takoe WHCJIO A, UYTO AN
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m060i mocteI0BaTeNLHOCTH pasbueHui OTpesKa [a; bl, ¥y Ko- !
Topo#k lim§, = 0 u mua moboro Bribopa ToUKM & € [%.%)y ]
n—oe ¥

(i = 1+n) BEINOJHAETCA PAaBEeHCTBO
&
lim Y f(E™) - ax™ = 4,
n—aww i-1

rae Ax{W=(x{" - x("), (i=1+k, n=1, 2, ...).
Ecnn BHIIONHEHEI BCe YCIOBUA ONpefeNeHrs, TO YUCTO A
HasoBeM (PUMaHOBLIM) ONpeAeseHHEIM MHTETpPaIoM (DYHK- |
b ‘

nuu [ Ha oTpeske [a; b] u Gymem o6osmavuars I f(x)dx.
a

TaxuMm obpaszom,

b
_[f(x)dx = ’{i_ﬂc(f, §§"),..., é;z“)), rae lim3, = 0,

n—w

n-1 b

miu moapobro  lim Y f(E))- Ax, = _[f(x)dx.
max|Ax; |0 s 2

Ecnm cymecrByeT KOHe4YHBIH Npefesn HMHTerpaxbHON

CYMMEI ‘

0, = FEIAZ, + [Eg)ATy + .ot FE)AT, = 3 F(E)A%,
k=1

. He 3aBUCAIIUHA OT crocoba paséueHus oTpeska [a; b} na ua-
CTUYHEIE OTPE3KM M BRIGODA IPOMEXKYTOUHEIX TOUEK &, TO
3TOT mpejes HaSbIBAIOT ONpefereHHKIM HMHTerpasoM (HId
uHTerpasoM Pumana) or dynkuun f(x) Ha orpeske [a; b] u |
06o3HagaroT

b def n
[f)dx = lim ¥ 7€)z,
a V%=1 '

Ecim ykasaHHHIH npefen cymecTByeT, To (GDyHKIHS
f(x) naseiBaeTca MHTerpupyemoit Ha oTpeske [a; b] (man
HHTerpupyemoit no Pumany). Ilpu stom f(x)dx nHaseBaeTca
IIOABIHTEIPATIEHEIM BHIDAXKEHHEM, f(x) — MOABIHTErpalib-
Ho¥ ¢yHKIMell, X — mEpPEMEHHON WHTETPHMPOBAHMA, @ U
b — COOTBETCTBEHHO HMYKHHM ¥ BEDXHMM HpeAeNaMu HH-
TEerpHPOBAHUA. a

R
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Onpedenennbiii uHmezpaa ecms wucno, paeHoe npe-
deny, ¥ KOMOPOMY CMPeMUMCA UHMEZPAABHASL CYMMA,
a cayuae, kozda duamemp pasbuenus A cmpemumca K
Kynio.

[eoMeTpHYeCKUii CMbICA ONPeeNeHHoro
nHTerpana

IIycte GyuKUEA ¥ = f(x) HenpephiBHA Ha OTpeske [a; b]
u f(x) > 0. ®durypa, orpanuveHHas rpaburom AB ¢pyHKRINN
y = f(x), npamsiMe x =a, x=b u ocsio OX (puCyHOK Aalee),
Ha3bIBAETCA KPUBOAUHEUHOU mpaneyuel.

WnterpainrHas CYyMMa ¥ ee ciaraeMble MMeIOT pocToi
reoMeTpHYeCcKUil CMBICI: IpousBefenue f(§,)AX, paBHO 1LJo-
WAL OPAMOYrOJIbHUKA C OCHOBaHMEM AX, =X, — X, | H

n
seicoTO# f(§,), a cymma o, = Ef(?,k)Axk npefcTaBIAeT
k=1

! ., . .

E cofoif IIOmMakb 3AMITPUXOBAHHOH cTyneHuaTol QUIryphl
E

4

:

(u3gbpaskensoil Ha pucyHKe). OUeBHIHO, YTO 3TA ILIOLIAAB
3aBHCHT OT pasGuenus t, orpeska [a; b] Ha yacTH4HBEIE OT-
pe3KM U BrIOOpa TOUEK &,.

0,0

7
Z
%
7

A

0

Yem MeHbte Ax,, k=1, .., n, TeM IIOIIaAb CTYIEHYA-
TOM PUryps! GIMKe K IJIOMIAaAY KPUBOJUHEWHOHR Tpamenun.
CnemoBaTenbHO, 3a TOYHYIO ILIOMIAZb S KpHUBOJIUHEHHOM
TpaNenuy IpUHUMAaeTCs IIpeJel HHTeTPAILHOR CYMMB! IIDH
A—0:

n b
S = lim ;f@kmxk = j f(x)dx.
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Taxum o6pasoM, ¢ zeomempuveckoil mouku 3penus
onpedenennviii unmezpan om HeompuyamenvHoi Qynx-
Yuu LUCIeHHO pasen naowadu coomeemcmeyouyeil Kpu-
60UHETHOU mpaneyuu.

dopmyna HolotoHa — Jleitbuuua

Popmyna Heorona — Jleii6HUIla JaeT NPaBUIIO BBIYHC-
JIEHUS OTIpeJie/IEHHOT'0 UHTeTpaNa: 3HAYEHUEe ONpPedeseHH020
urmeespara nHa gmpeske [a; b] om nenpepuieHol PyHKYUU
f(x) pasno pasnocmu 3nauenuil 11060 ee nep8oobpasnoil,
6blYUCACHHOU Npu X=b u x =aq.

b b
[ f(x)dx = F(x)[=F(b) - F(a).

3nech @ 1 b — COOTBeTCTBEHHO HUKHWH M BepXHHit
npefessbl HHTEIDUPOBAHUA.

MooxxHO 3alnmcaTh, YTO HHTeTPAJ PABeH NPUpAIIeHHUI0
nepBooOpasHoil.

IlonATHe onpeAesIeHHOTO MHTErpaia MOMKHO BBIBECTH
yepes ILUIONMIAAb KPMBOINHeHHOH Tpanenuu. [Imomans Kpu-
BOJIMHeNHOH Tpamnenuu (Qurypsl, OrpaHUdeHHOH JUHIIMHU
y=1f(x), y=0, x =a, x =b) BHpaKaeTca UHTETPATHHOM
CYMMOIf BN 4HCJIOM, KOTOPOe HA3BIBAETCH ONpefeleHHBIM
MHTErpajioM.

Ob6mHOCTS 0603HAYEHNA ONPEHENEeHHOTO M HeoIpee-
JIEHHOT'0 HHTErpajioB IOJYEPKHBAET TECHYIO CBA3L MEXKIY
HYMU, HO 3TO PasHbie IOHATHUS 10 CMEICIY: onpeeeHHBIN
WHTErpaJ — 3TO0 UMCGJIO, & HeOHmpeAeJeHHBId mHTErpan —
COBOKYIHOCTEL NIepBOOOpasHuIx (yHKnuii. CBa3p MeXIy
oIpe/ieJIeHHBIM 1 HeoIIpe/ie IeHHBIM HHTETPAJIOM BEIPAYKAETCA
METOXaMM UHTEIDHPOBAHUA.

OcHoBHbIe CBOMCTBA onpepeneHHoro uHrerpana

Paccmorpum cBoiicTBa onpesiesieHHOTC MHTerpasa.
1. Ecin HmkBMH M BepXHUi Hpelesbl HHTETPUPOBAHMA
pasHEI (@ = b), TO HHTerpan paBeH HYJIIO:

T f(x)dx = 0.
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9T0 CBOMCTBO cleAyeT M3 onpefesleHHUsA MHTerpasia.
2. Ecnu f(x)=1, 10

b
jdx=b—a.

3. IIpu mepecTaHOBKE NpeAesioB MHTETPHUPOBAHUA OIpejie-
JIeHHEIH MHTerpaj MeHseT 3HAK Ha IPOTHBOMOIOKHBIN:

b a
_[f(x)dx = —-J. f(x)dx.
a b

4. ITocToAHHLIN MHOMKHTEJIb MOXKHO BBIHOCHTH 34 3HAK
olIpe/ieJIEHHOTO MHTerpaa:

j‘cf(x)dx = cjl f(x)dx.

5. OmpefesleHHBIE HMHTerpaj oT ajxrebpaudeckoil cymMMEbI
KOHEUHOI0 uMcja HWHTerpupyemsiX Ha [a; b] dyHKIUil
f1(x), fy(x), ..., f,(x) paBen anrebpanyeckoi cymme onpe-
ZIleJIeHHBIX WHTErPAJIOB OT CJIaraeMbIX:

b b b b
[ (A() £ f(x) £ ... £ f,(x))dx = [Rx)dx £ [fx)dx ... £ [ f(x)dx.

c b

6. Eciu cymiecTBYIOT MHTEIPaJIBI f f(x)dxn ff(x)dx, TO
a [
b

CYLIECTBYET TaKKe HHTerpajt J.f(x)dx ¥ IS TI00BIX

a
yuceln a, b, c.

f f(x)dx = I f(x)dx + J. f(x)dx.

7. Onenka onpe,ueJIeHHoro HHTeraJIa ecmu m < f(x) <M
Ha [a; b], To

b
m(b - a) < j f(x)dx < M(b - a).

3aMeHa NepeMeHHOM B OnpeaeseHHOM MHTerpale

9roT MeTOZ, KaKk H B CJydae HeOUpPeAeJE€HHOI'o MHTe-
rpaja, no3BoJjsieT YIPOCTHUTH BBIYHCJIeHUA, T. €. IPUBECTH
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TIOJBIHTETPAJIbHOE BhIPAXKeHUe K COOTBETCTBYIOIIEH Tabamd-
HOi ¢opMme. IIpuMeHeHHne 3aMeHBI HepeMEeHHOMN B OIIpesesIeH-
HOM uHTerpaje 06asupyercsd Ha CJIeAYIOmiell Teopeme.

Teopema. Ecnu dbyuxnusa f(x) HempepslBHA HA OTpesKe
[a; b}, a dyuknus x = $(¢) HenpepsiBHO AUddepeHIIpYyeMa
Ha orpeske [f,; t,], npuuem ¢([¢;; £,]) =[a; b] n ¢(t,) =a, |
¢(t,) = b, To cipaBeAIMBa opMyJIa

b t
’ [fx)dx = [ fo)o@)dt.
a tl

PacemoTpuM npumepsr.
In2

Brryucnure nHTErpa I ve* - 1dx.
]

t=ve* -1, x= ln(1+t2)
hj.lee" —1dx = {dx = 2 dt =
0

Pewenue:

1+¢2
0<x<In2, 0<tx<1
1 2 1 1
= 2f t dt=2j(1-11 )dt=2[t—arctgt]\0=
+

4-=
o1+ 0 t2

T
Omeem: —5

HuarerpupoBanue 1o 4acTaMm
B OIIpefeIeHHOM MHTerpaJe

Ilycrs u(x) u v(x) — auddepeHmupyeMble Ha OTpPE3Ke |
[a; b] byaxuun nepemennoit x. Torga d(uv) = udv + vdu. |
IlpounTerpupyem ofe wacTu MOCIELHET0 PABEHCTBA Ha OT- |
peske [a; b]:

b b b
J'd(uv) = Iudv + J'vdu.
R a a a
C npyroii croponsl, no ¢popmysne Hrrorona—Jleit6uanna

b
_[d(uv) = (uv) Z.
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CrnenosaTensuo, GOpMYyJia IPUHUMAET BUJ

}udv = (uv)

Z - ;{vdu.

®opmyia HasbIBaeTCA POPMYNol URMEZPUPOGAHUS NO
wacmam 6 onpedeieHHOM UnmMezZpane.

2
HanpuMep, BEIYUCIUM MHTErpal J'ln xdx.

1
Peuwenue:

flnx dx = (z-Inx)|} —fdx =2In2-1
1 1

Omeem: 21n2-1.

Paccmo'rpnM foJjiee CIOKHBIE 3aJa4H C IIPDUMEHCHHEM
HaxoXJAeHNUsd OonpeAeJIeHHOTr0 NHTerpana.

1) IIpu xaKoM g BHINOJHSETCA PaBEHCTBO
a

j1—2xdx= _:4_7
z 3 3
2

Pewenue

2a - 3a’
ITo ycnosuio 3agadu BT =-3 oTKyZa a, = -2,
a, = 2%.

Omeem: —2; 2%-

T
2) BuIuucINTe WHTETpaX Isin 2x cos 3xdx .
0
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Pewenue.

_[ sin2xcos3xdx =

l(sin 5x —sin x)dx =
0 2

(=R ¥

o

(3 )
= —| -~—C0S BX + Cos x
20 5

0

Omeem: —é .
5

n

3afanus ana camocToATenbHol paboTbi

Ni 87.
Brruncaure uHTerpannr:
2
1) j (x% + x - 2)dx; Omeem: 2/3.
0
0
2) I (3 - 2x - x%)dx; Omeem: 22/3.
-2
3
3) J'(3x2 +x - 2)dx; Omeem: 25,5.
0
3
4) f(3 - x%)dx; . Omeem: -8/3.
T
2
f cosxdx; Omeem: 9.
0 N
r
4
I . Omeem: 2.
0 cos? x
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Ne 88.

Brruucaure onpeneleHHbIe NMHTEerpaahbl:

Bapuanr 1.

1
1) j (x3- 3x)dx;
-2

) B
2) j (4 - x2dx;
1
2
3) j (8x2 + x — 3)dx;
0

n/2
8d
4 [ =5

n/GSln X

J' dx
Hx+9)?

Bapuanr 3.

1
1) [ (423 - 2x)dx;
-2

5
2) j (2 - x)dx;
1

3
3) [ (6x% + x - 5)dx;
0

n/4
5dx
4) j ;
r:/6 COS X

3
j;(x +4)%°

7. 3ak. 475

Bapuanr 2.

1
1) j (x2 - 8x)dx;
-3

2
2) j (3 - x%)dx;
-1

3 -
3) I (2x3 + x? - B)dx;
1

n/4
4) J' 4 cos xdx;
0

4
%) L (x + 3)4

Bapuasr 4.

3
1) [ («2 - Tx)dx;
-2

4
2) j (5 - x3)dx;
1

3
3) f (8x3 + x2 - 6)dx;
1

/2
4) I 5dx .
7‘:/481]'1 x

5) } dx
S (x+10)%
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Bapmnasnr 5.

3
1) j (%3 - 2x)dx;
-3

2
2) j (7 - x%)dx;
-1

4
3) J (x2 + x - 1)d%;

Bapuanr 7.

2

1) [ (x? - 6x)dx;
-2
5

2) [ (8 - x¥)dx;
2

2
3) [ (4x® + x - 5)dx;
0

n/4
4) .[ 3dx :
COS X
f dx
% (x + 3)°

BapuanTt 9.

1
1) J' (x% - 3x)dx;
0

Bapuanr 6.

3
1) f (5x* - 4x)dx;
-2

3
2) f (3 — x)dx;
2

2
3) I(3x3 +2x - 9)dx;
0

n/6
4) f4cos xdx; -

4
dx
) _'[2(x+4)3 )

Bapuanr 8.

4
1) f (x% - 5x)dx;
-1

3
2) [ (4x - x%dx;
1

2
3) j (3x3 + 5x — 8)dx;
0

n/4
4) J‘ 2 sin xdx;
0

5) .
j 3(x+ 8)2
BapuanT 10.

1
1) [ (922 - 2x)dx;
-2

194




4
2) | (4 - x)dx;
-2

2
3) j (5x2 + x — 6)dx;
1

n/6
4) J' 4 sin xdx;

T dx
L+t

Bapuanr 11.

i
1) j (%3~ 5x)dx;

0

3
2) [ (4x - x?dx;

) 1

2
3) J'(3x2 +2x — 1)dx;
0

Bapuam‘ 13.

1
1) J' (8x*- 4x)dx;
)

5
2) j (2 - x3)dx;
1

7* —

3
2) j (2 - x¥)dx;
1

1
3) j (2x3 + x - 2)dx;
-1

n/d 3dx
9 | =5
p cos“Xx

4
5 J_ix__.
1 (x +11)?
Bapuant 12.

1
1) I (x2 - 6x)dx;
-3

2
2) J' (8x - bxY)dx;
|

3
3) _[(2x3 +3x2 - 5x)dx;
1

n/4
4) f 8 cos xdx;
0

) J- (x 3)4
BapuanT 14.

3
1) | (3x%- 6x)dx;
-2

4
2) j (5x — x%)dx;
1
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3
3) I(3x2 +6x — 5)dx;
0

" "f 10dx
. /6°°S x
j’- dx
5 (x - 4)° ’
Bapnanr 15.

3
1) I (x® — 4x)dx;
<3
2
2) I (7x - 6x3)dx;
3

4
3) [ (2% +2x - 1)dx;
0

" ”f’ 15dx
/6C0OS° X

)I 1 (x - 2) '
Bapuanr 17.

2

1) [ (8x? - 4x)dx;
-2
5

2) [ (8x - 6x3)dx;
2

2
3) [ (423 + 8x - 15)dx;
0

3
3) I (23 +3x2 - 6x)dx;
1 .

"2 10dx
9 [ —==;
ﬂ:/48111 X

1
dx
5 | ———.
) _'L(x—lO)z_

Bapuan'r 16.

1) j(5x4 4x)dx,
-2

3
2) I(3 - x3)dx;
1

2
3) I(3x2 +4x - 4)dx;
0

n/6
4) .[ 6 cos xdx;

K I(x 2
BapuanT 18.

4
1) j (x2 - 10x)dx;
-1

3
2) [ (4x - 4x%)dx;
1

2 -
3) f (3x® + 5x — 2)dx;
(1]
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4) I 10 sin xdx;
0

2
dx
5 )
) _J;(x - 8)?

Bapuanr 19. Bapuant 20.

1 1
1) j (x® - 4x)dx; 1) j (6x2 - 2x)dx;
0 -2

4 3
2) [ (x - x%)dx; 2) [(12 - x¥dx;
-2 1

2 1
3) _[ (5x2 + x — 1)dx; 3) I (4x3 + x — 5)dx;
1 a1

n/6 n/4
4) J' 8 sin xdx; 4) I 10¢:x ;
0 o o cos’x

4
dx
5) [—2* .
)!(x—n)z

Bonpocsl no Teme

1. Jaiime onpedenenue onpedenenrnozo unmezpaaa.

2. Copopmyaupyiime meopemy Hviomona — Jlelibnuua.

3. ITepeyucaume ceoiicmea onpedenleHH020 UHmMezpaIq.

4. B uem 3axniouaemcs zeomempuiecKuili cmuica onpede-
J€HHO0Z0 uHmezpaaa?

5. 9mo o6wezo y HeonpedenreHHO20 U OnpedenenHoz0 ULMe-
zpanoe?




Tema 2.8. FfeomeTpuyeckue npuaoKeHuA
onpeneneHHOro uxuterpana. dusunyeckue
NPUNOXKEHUA OonpeaeneHHoro UHTerpana

@) Tepmusi

7
o Kpuposnuneiinaa Tpanenuns
s l'eoMeTpHUYeCKHI CMEICT MHTerpania
» [lmomans KpUBOMUHEHHGH Tpanenun

e Ou3nYecKHe NPUIOXKEHHA HHTErpaia

OCHOBHbIE NOHATUA

Boiyucnenue nnowanu nnockoif urypsl

Haiinem muomans S KpHBOIUHERHOM Tpanenuu, OrpaHHu-
YeHHOH KpuBoil y = f(x), ockio Ox ¥ JBYMS IPAMBIMU X =@
nx=b,rnea<x<h f(x)>0.

A
y

.
—

0 x=a dx x=b x

Tax xax auddepeHUUAT NepPEeMEeHHON MIOMAAN S eCcTh
IJIONIAAG IPAMOYIOJIEHUKA C OCHOBaHHKEM dXx U BEICOTOH f(x),
T.e. dS = f(x)dx, TO, HHTETPUPYA TO PAaBEHCTRO B IIpefesax
OT a jxo b, noxyuum

b
S = [f(x)dx.
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x=f(y)

dy
y=c NG
0 x

Ecnun xpuBonuHeifiHAs Tpallenusa IpuieraeT X OCH Oy
tak, uto ¢ < y <d, x = §(y) > 0, To AupdepeHNNaT IEPeMeH-
Hoif omanu S paseH dS = f(y)dy, oTKyAQ

; : d

S = [oly)dy.

B ToM ciiydae, KOrga KpUBOJIUHEHHAA Tpamenus, orpa-
HUYeHHAs KpuBo# y = f(x), ockl0 Ox ¥ NPAMBIMH X =@ H
x = b, nexxur 0ox ockio Ox, MIOIaAE HaXOXUTCs 10 GopmyIe

b
S= ﬂf(x)ldx.

b

Ecnu ¢urypa, orpaHuueHHas KPUBOHA Y = f(x), ocbro Ox
¥ IPAMEIMUA X =@ ¥ X = b, pacroio’KeHa 110 o6e CTOPOHEL OT
ocu Ox, TO

NN

Z

c b
S = [f(x)dx + [|f(x)dz.

Huke nepedrcIe sl BCEBO3MOXKHEIE CITyYan HaXO0XKACHNA
niomngaaei uryp. e
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1) BEcnu y = f(x) — nenpepsiBHas,
f(x) > 0 Ha [a; 8], To

S = j{f(x)dx.

2) Ecin y = f(x) — HenpepsiBHasA,
f(x) <0 na [a; b], To

5= [ fds -

b
[f(x)dx

3)Ecau y=f(x), y = g(.ic) — Henpe-
priBHBEIE Ha [a; b], f(x) > g(x) mHa
[a; b], To

b
S = [(f(x) ~ g(x))ax.

4) Ecan y = f(x), y = g(x) — nenpe-
preiBHEBIE Ha [a; b], f(x) > g(x) Ha
[a; b], TO

b
S = [(f(x) - g(x))dz.

5) Ecmu y = f(x), y = g(x) — Hempe-
peIBHBIE HA [a; b], f(x) > g(x) Ha
[c; ], rae ¢ € [a; b], f(x)g(x)<g(x)
Ha [a; ¢], To ’

[4 b
S = [(8(x) - f(x)dx + [(f(x) - g(x))dx.
6) Ecnu y = f(x) — menpeprsiBHasa Ha
[a; c], ¥y = g(x) — HempepsiBHag

Ha [b; c], f(x) > g(x) Ha [a; c], rae
¢ ¢ [a; b], To

S= j‘ f(x)dx —jg(x)dx.
a b
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7) Ecmu y = f(x) — HenpephIBHaA Ha
la; ¢}, y=g(x) — HempephIBHaA Ha

[c; b], rae ¢ € {a; b], T0

S = j'f(x)dx +j‘g(x)dx.'

dusnyeckue npuoXesua
onpeneneHHoro wHTerpana

{ — TemJIOeMKOCTh

CootHoutenue | BorunciaeHue SR—.
BexnuuHBL B audidepen- | mMpou3BoA- ——,
muanax HOM P
dA ¥
dA=F(x)dx| F(x)=2= | A= | F(x)dx
A — pabota dx %
F — cuna
N — MOIIHOCTL ty
dA
dA=N@)dt| Ny =22 | A=[N@ydt
dt 4
b
m — Macca TOHKO- %
T0 CTEPXKHA _ dm m= x)dx
p — nuHeiHAT dm=p(x)dx | p(x) = dr ,{ P
ILIOTHOCTD
g — 3JIeKTpHuYe- dg ty
CKuit 3apan dg=I(t)dt | I)==> | 4= [ (vt
I — cuna Toka dt 4
)
§ — mepeMelrneHue _ _ds -
» T cronoomt ds=v(f)dt | vin=22 | ° tj v(t)dt
1
@ — KOJIU4EeCTBO dQ t
TEIIOTHE dQ = c(t)dt () = It Q= IC(t)dt

4
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feomeTpuyeckue npunoxerna
onpepneneHHOro MHTerpana

Onpenesenne n EBIMMCICHNE XIHHBI KPUEOIL,
auddeperuuan KpusBoit

Ecnn xpusaa y = f(x) Ha orpeske [a; b] — riaagkas
(r. e. npouspogHaAzy = f'(x) HenpeprIBHA), TO ATUHA COOT-
BeTCTBYIOIIEH AYTr¥ 9ToH KpHBOM HaxoxuTca mo (opmyse

b
L=[{1+y?%dx.
a

IIpn napamerpuueckoM 3ajaHUM KpuBOH x = x(t),
y=y(t) [x(t) u y(t) — HenpepsiBHO amddepeHUUpPYEMbIE
GbyHKIUY] AJMHA AYTH KPHBOM, COOTBETCTBYIOIIAA MOHO-
TOHHOMY M3MEHEHMIO napaMeTpa ¢ or ¢, 1o t,, BRIYUCHAETCA

110 hopmyne
t
L= -Nxz +yldt.
4

Ecnn rnaskas KpuBas 3ajiaHa B IOJAPHBIX CHUCTEMax
KOOpAWHAT ypaBHeHUEM p = p(0), a <0 <P, To gIuHA AyTH

L= ?,/p2 +p2de.
[+3

Anddepennuan AIUER XyTH
Hnuna xyru KpHBoii onpegensercsa GopMyIoi

L= [\1+( @V dx,

rze y =f(x) V x € [a; b]. IIpeanonoxum, uto B 5T0l hopMyIe
HIDKHMI Npefie]l HHTETPUPOBAHMUS OCTAETCA IOCTOAHHEIM,
a BepXHHH u3Menserca. OGosHAUYHNM BepXHHEH mpeges GYK-
BOH X, a IepeMEeHHYI0 MHTErpPUPOBAHHA OYKBOMH . HanHa
anyru 6yzer GyHKIMeH BepXHEro mnpepesua:

L(x) = T\/l +(f(x)) dx.
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Borunciaedue 00'beMOB TeJ

IIyeTs 3agaH0 Teso 00seMoM V, mpuyem MMeeTCA TaKad
mpAMasg, 9TO, KKy OBl IUIOCKOCTH, HePHeHAUKYIAPHYIO
aTOl NpAMOM, MBI HM B3fJIHM, HAM H3BECTHA MJIOUIaAb S
CeueHMA TeJa 3TOH ILIOCKOCTBIO. Ho ILIOCKOCTH, HMepHeH-
IuKynsapHaa ocu Ox, IepeceKaeT ee B HEKOTOPOH TOUKe X.
CienoBaTesIbHO, KaMAOMY uuciay x (M3 oTpesxa [a; b])
oCTaBJIeHo B COOTBETCTBHE efWHCTBeHHOe uuciao S (x) —
[Iomanb CeYeHUs Tesa TOH IIoCKOCThIO. TeM caMbIM Ha
orpeske [a; b] 3amana dyuxnmsa S(x). Ecmu dysxnusa S
HelpepeIBHA Ha orpeske [a; b], To cnipaseanusa Gpopmyra

b

V= j S(x)dx.

P

O O

aO/ b x

TIonHOe JoKa3aTe LCTBO 9TOM GOPMYJIEL JaeTcsd B Kypcax
MaTeMaTHYecKOI'0 aHAJIN3a, a 3[eCh OCTAHOBUMCS Ha HATJIAL-
HBIX COOOpaKeHUAX, IPUBOAAIIMX K Heil.

Pazo6beM oTpesok [a; b] HA n OTPe3KOB PaBHOH AJIMHBEI
TOYKAMH

Xg=a<X; <Xy<... <x,  <b=x, u Ooycts
b-a
n

Ax = =x,-%_;, k=1, 2, .., n.

Yepes KaxAYI0 TOUKY X, IPOBeJieM IIOCKOCTh, TepIeH-
JUKYIApHYI0 ocd Ox. DTH ILIOCKOCTH Paspes3aloT 3ajjaHHOe
teJo Ha ciou. O6BeM ClI0a, 3aKIIOUYEHHOI'0 MeKAY IJIOCKO-
CTHAMH Q,_; ¥ G,, IPH JOCTATOYHO GONBIIAX N npuGIKKEHHO
paBeH miomanu S(x,_,;) CcedeHuU, ymnoxcennon Ha «TOJIIUHY
cnoAa» Ax, # IIO3TOMY

V =~ S(x)Ax + S(x,)Ax + ... + S(x,, 1)Ax =V,
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TouHOCTH 3TOro MPUOIHIKEHHOIO PABEHCTBA TEM BBIIIIe,
YeM TOHBIIIE CJIOM, Ha KOTOpEHIe paspe3aHO TeJO, T. €. 4eM
Gonbime n. Iloatromy V, — V npu n — oo.

a Xy Xy X1 % Xn.1 b

O6nem ¢urypsi, TOJYUYEHHOH BpalieHHEM BOKDPYT OCH
- Ox, HaxommuTCcsa o popmyae

b
V=mn J' yi(x)dx.

PaccMoTpuM nipuMephl MCIOIL30BAHUA HHTErpaid.

1) MarepuannHas TOYKA Macchl m =1 ABMIKETCH 1O IIpA-
MOIl mof AefiCTBMEM CHMIBI, KOTOPAs MEHSETCA IO 3aKOHY
F(t) =8 — 12t. Halignre 3aKOH ABM)KEHHS TOUKH, €CIH B
MOMeHT BpeMmeHH ¢ = 0 ee KoopauHara pasHa 0 U CKOPOCTH
pasHa 1. B Kakoii MOMeHT BpeMeHU CKOPOCTb TOYKH Gyxer

MaKCHMAaJLHOHM?
Pewenue:
1. F=ma, a=E_8-12 ¢ 1o
m

2. v(t) =8t - 62+ ¢,, 1o ycaosuio v(0) = 1, suaumr, ¢,=1,
torga v(t) =8t — 612+ 1.

3. x(t) = 4t% - 2t3+ t + ¢, TaK Kax x(0)=0, T0 ¢, =0.
3Hauur, x(t) =4t - 23+ ¢,

4. Hafinem MOMEeHT BpeMeHH, KOT/la CKOPOeTh TOYKH OyAeT
MaKCHMAaJIbHOM:

vl(t)=a(t)=8—— 12¢t, 8 -12t=0, t= g_

Omeem: x(t) =412 - 213+, t= gc.
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2) IToan3ysich, reoMeTPUIECKIM CMEICJIOM OlipeZieIeHHOT0

3
VHTerpaja, BEIYUCINUTE j.\]4x - x% -3dx.

Pewenue: 1

2 A 2 o2 2 =
y= 4x_x?,_3:>y—4x x 3@ (x-2)"+y —1.
y=>0 y=>0
HaiizeMm miomajs NOJyKpyra ¢ IeHTPOM A (2; 0) u pa-
maycom R=1.

T
Omeem: —.
meem: 3

3) Haiiaure miomaab GUryps, OrpaHHYeHHOH! JINHAAMU
y=x-4x+8my=3x" - %3, ecin x € [-2; 3].

Pewernue:

Eciu He pucoBaTh rpaQUKoOB JaHHBIX dyuxnuii, To HANO

y3HATH, UMEIOT JIY 3TH rpaduku oburue TOYKH Ha (-2; 3).

Ji;ia 9TOrO HAAO PEIINTh YPaBHeHHUe

3x2 - x3=x2 - 4x+8.

Wrak, x,=2 U x,= 2. 2 € [-2; 3].

He 3uas, rpadpuk Kaxoi #u3 GyHKIMiT HAXOAUTCS BhIIE
apyroro Ha [-2; 2) 1 (2; 3], miaomaas GUrypbl HAXOAUTCH TAK:

S =

? [(x2 —4x+8)-(3x% - x3)]dx +
-2

]i'[(nc2 —4x+8)-(3x% - x® )]dx
2

+

Ecnm Ke HapHCOBaTh rpa-
duKH AaHHEIX yHKUMI (uTo
odeHDb He CJIOKHO), TO 3ameda-
eM, uTo BeoAy Ha [-2; 3] BBIION-
HseTCA HePaBeHCTBO

x2 —4x+8>3x2 - x5

Ha pucynke f(x)=3x> - x3,

2 = g(x)
g(x)=x%>-4x+8. 3
ITosToMy

S= ? [(x2 —4x+8)-(3x* - o° )]dx.
-2

]Y
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CpaBHuBas GOPMYJbI, MOJNYUeHHBIE AJNS BLIYHUCIEHUA
nromany S, BUANM, YTO B JAHHOM IIpHEMepe 3HaYUTEIbHO
Jlerde HCKaTh ILIOINAAL IIOCHTE TOro, KAK HAPHUCOBaHH I'pa-
buky GyHxIHHE. A MOXHO JH BCe-TakH PELIUTE 3aauy He

Jesasg PUCYHKA.
3

S = I(x3—2xz—4x+8)dx=
-2

4
=[ic———2i-—2x +8x]3 11

=992
12

4 3

Omeem: 2211.
12

4) Haitaure niomass GUrypsl, orpaHM4eHHYIO JTHHUSIMU:

2 X

2 u y=—3—coszx

y=x%-4x+sin —i,ecnnxe[2; 3]

Pewenue:

- Tax Kax rpaduKu JaHHBIX QYHKIUI IOCTPOUTE TPYAHO,
TO MOYKHO BBHIICHHTH COOTHONICHHME MEXIAY (OYHKIMAMH,
He HCnoab3ys rpadpuxos. HMcciegyeM pasHoCTbH HAHHBIX
GyHKIMH

xz—4:2c+sinzg—-(—3—cosz—32£)=::c2—-4x+4=(x—2)2 > 0.

.9 X x
CaegoBartensho, x> — 4x + sin? 3> -3 - cos? s [2; 3],

a 3HaunT, rpaduk nepsoit PyHKIUN JeKUT Bhime rpaduKa
BTOPOH (PYHKIUH H

N .
S = j[xz -4x + sinzg - (—3 ~ cos? gﬂdx =

2

M'——-;W

3
(x —4x+4)dx—(———2x +4ch3
3 2
1
(9 18+12) (—-—8+8] 3
1
70 :-’-
meem 3
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5) BerumcinTe II0Mags GUrypsl, OTpaHU4YEeHHOR KaHHEI-
My auHASMu: y=xZnpu x20, y=1, y=4, x=0.

Pewenue:

Jlannas ¢urypa cHMMeTpPHYHA
KPHBOJIUHEHHON Tpanenuy, orpanu-
yeHHOH OpaMeMu x=1, x=4, y=0,

rpadpuKoM QYHKIUR Y = J; , obpar-

Hoit y = x2, x > 0. TloaTomy atu du-
I'ypbl MMEKT paBHEIE IJIOIAAU U

4
§ = [Vxdz, 5= 2.
1

3

ya Ecnn ¢urypa orpaHHYeHa JHHAAMM
x=¢1(y): x=¢2(y)’ y=c¢,y=d,rnec<d
u ¢,(y) > ¢,(y) Ha [¢; d], To ee mwromAnL
MOKeT GHITh BEIYMCIeHa IO popmye

d
S = [(02(9) - 9, (¥))dy.

6) Haitgure mromans Gurypsl, orpaHAYeHHOM IIPAMBIMH
y=3x+1,y=9-x, y=x+1.
Y

[T T TP
e m . ——————
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Pewenue:
- Bepmunel mosydenHoro AABC MMEOT KOODAMHATEI:
A (0; 1), B(2; 7), C (4; b).

MoxHo 3ameTuTh, 4T0 AABC —— IpAMOYTrOJBHBIH (IIpO-
u3BefeHNe YIJIOBBIX KO3((PUIMEHTOB NPAMBIX Y =x+ 1 n
Y =9 - x paBro -1). IlosToMy npuMeHeHUe MHTErpaia A
Berunciaenus S(AABC) HepanmoHanbHo. Ee Bceraa MOMKHO
HAUTH KaK PaBHOCTH ILIOLIAKEH TPEYroJIbHUKOB, Y KOTOPBIX
MBBECTHDBI BHICOTA U OCHOBAHME, HJIM YK€ MOXKHO HCIOJIB30-
BaTh KOOPAMHATHBIN METOA.

AC=J4-02 +(5-1)?% = 32 ;
BC=J(4-27+(6-7? = B;

S=-;- . V32 - B =8.

Omeem: 8.

7) Hcnonp3ys reoMeTpUYeCKH CMEBICT WHTErpaja, BBI-

YUCJINTE MHTErpaJl ]i (64 - xz)dx.
-8

Pewenue:
Ilpumem 3a y = V64 — x2, D(y) =[8; -8], Tak Kax
64 ~ x2>0,
|x|<8,
y? =64 — x2,

y? + x2= 64 — oxpyxHOCTSL ¢ menTpoM (0; 0) 1 R =8.
Omeem: 32x,

8) HaiiguTe niowagzu Guryp (4asel OTBETH ¢ KOMMEH-
TapUIMH).

a) S = 2/3 (ueTHOCTH (YHK-
un)
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6)

B)

r)

x)

e)

1-i1
2-i1

209

S =1 (umomajgps HpAMOyY-
rOJBHOTO TPEYroJMbHUKA)

S =4 (paseHcTBo GUryp)

S = 2n (IO OJIYKPYTA)

S =1 (unomajgb TPEYroib-
HIKA)

Haiigute miaomanp Qury-
pBl, OrpaHNYeHHON JMHHU-
AMHA y=\/;9y=(x+2)31
y=0,y=1

S=19/21.

KomMeHnTapuu:

cmoco6: S =8, +8,+S;.
croco6: S=S,+S ,5ep—Socp:




) Purypa, orpaHUdeHHAS JUHAA- |
MH Yy=x+6, x=1, y=0, nexurca |}
napa6onoit y = x2 + 2x + 4 Ha aBe
yactd. Halizure nnomane kaxnod |
9acTu.

SABCD =%'7'7=24,5.

Sz = SABCD - Sr

1 i
Sy = [((x +6) - (x? + 2x + 4))dx = 4,5.
-2

Omeem: S, =4,5; S, = 20.

3) Haitaure Ty nepsooGpasayio F(x) |
¢yerunn f(x)=2x + 4, rpadux xo- ]
TOPO¥ KacaeTca NIpsAMoOH y = 6x + 3.
Brraucnnre miomans ¢urypsr, orpa-
HHYeHHOH rpaduKoM HalifleHHOH
IepBOOOPA3HON U NPIMEIMHA
y=6x+3my=0.

Pewenue:

Obwmit Buj nepsoobpasHbIX

F(x)=x%+4x+C.

Ipadpuxy dyukouit y=x2+4x + Cu Yy = 6x + 3 umetor
o6myr TouKy, ecnu ypaBHeHHe x2+4x + C = 6x + 3 umeer
eAMHCTBEHHbI! KopeHb. Tak Kak ypaBHeHMe KBafpaTHOe,
TO 3TO BO3MOXKHO, eciu D = Q.

x2-2x-3+C=0. .

D=4-4(C-3)=0, orcioga C = 4.

Y
y=x2+4x+4 9

[0 L LT T T i ..

1
S=[@+2Pdx-1.15.9-
-2 2

3 1
X 2
=|—+2x° +4
(3+x xJ

2
2 4

-9
>

Omeem: S = 2
4
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WUnterpauua gud depexunanbHoro
i HHTErPanbHOro KCHUCEHUH

Passutne suddepeHUaIbHOrO U HHTErPAIbHOIO HCINC-
JIeHU ITOJOKHJIO HAyaJo HOBOH Teopum — JAuddepeHLH-
aJbHBLIX YPaBHEHUH.

IuddepeHnnaisHoe ypaBHEHNe B MaTeMaTHKe — 3TO
ypaBHeHHe, CBA3LIBAMOIIee 3HAUEHE HEKOTOPOH HEU3BECTHOM
OYHKIUM B HEKOTOPOH TOUKe M 3HAYeHMHe ee IIPOM3BOJHBIX
pasIMYHBLIX HOPAAKOB B Toi ke Touke. [{uddepennuansnoe
ypaBHEeHHe COJepPIKUT B CBOEH 3alMCH HEHM3BECTHYIO QYHK-
LMI0, ee IPOM3BOJHBIE U HE3aBUCHMEIE IIepeMeHHEle. A pe-
malored auddepeHIIHaIbHEIe YPABHEHUSA ¢ HCIIOb30BAHHEM
npasua auddepeHINPOBaHNA U HHTEIPUPOBAHMUA.

Teopusa nuddepeHHATLHEIX YPaBHEHUH — pasjel
MATEeMATHKHM, B KOTODOM H3yualoTcsa AuddepeHuuaIbHbEe
ypaBHeHUA W CBA3AHHBIE ¢ HUMM 3ajadyd. Ee pesyabTarTsl
IPHMEHSIOTCA BO MHOTMX €CTeCTBEHHBIX HAayKaX, 0COGeHHO
HIMPOKO — B du3UKe.

HuddepeHnuanpable YPaBHEHUs ONHCHIBAIOT CaMBble
pasHbIe Ipoleccsl npupojsl. Hanpumep:

1) f[omomenne cBeta B pacTBope. [lojid morioiiaeMoi
SHepPIrUM CBeTa HA eJWHHIY TOJMIMHEI L ciosa pacTBopa
IOCTOAHHA U OIpefeliseTcd KOHIeHTpalueil pacTBopa
C 1 MoiApHBIM KoapodunuentoM E norjomjeHus pac-
TBOPeHHOro BemtecTBa. J (L) — HHTEHCHBHOCTE CBETa Ha
rommuse L. Torga dI(L) = — I(L) E C dL, cnefoBaTeasHo,
I(L) = I, e L — zaxom Byrepa—JlamGepra—Bepa ansa
pacTBopa.

2) llons y6BLIM KOHIIEHTPAIlMM JIEKapCTBEHHOrO BellecTsa
[ocJjie BBefeHUS B opramsM (dbapMmakojorudyeckas Ku-
HETUKA).

3) OnucaHue BOJHOBEIX IIPOIIECCOB H KosebaHuil U T.A.

B MeZmIMHCKEX NOPUIOXKeHNAX AuddepeHINaNbHBIE
ypaBHEHMA, HATIPUMEP, KCIIOJb3YIOTCH AJIA:

1) onpefiefieHHst CKOPOCTH KPOBOTOKA, CKODOCTH JABHXKe-
HMS KJANAHOB M CTeHOK cepina (sxokapauorpadmus),
onpejeJeHNs BASKOCTH KPOBH H Apymx napame'rpOB
reMOAMHAMUKH;

2) omMCaHUS MeZUKO-GHONIOIMYeCKMX NPUIOKEHUH YJIbT-
pasByka: sxosHuedanorpamma, Y3H, yabrpasByKoBas
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dusnorepanus, yrsTpasByKoBas JOKALMI ¥ KAPAUOrpa-
bus;

3) omucaHuA IpPONIECCOB (U3MOJOrAIECKO aKyCTHKH,
KOTOpas u3y4aeT YCTPOHCTBO M paGoTy 3BYKOBOCIIPHMHU-
MaKoIINX X 3BYKOBOCIPOH3BOAAINUX OPraHOB UeJOBEKa
¥ KHBOTHBIX U T. A.

Kpome aroro, Muorue mMaremarumueckne n dusuueckme
3a/lauM pelaroTea ¢ NOMOILbK AuGpdepeHOUANILHEIX YpaB-
HeHMiA.

#

W 3> "@‘ﬁ
«‘&

Ne 89.

Brruucoute niaomans GUrypsl, orpaHNYeHHOM THHAAME
(cxemaTnuHO M306pasuB rpaduxu byHKIMit):

aA)y=6+x-x2uy=6-2x;

Dy=2x2ny=x+1;

B)y=1-xumy=38-2x - x%

Ny=x2uy=+X.

Omeem: a) 4,5; 6) 9/8; B) 4,5; ) 1/3.

y Ne 90.

x=0-ocs OV Haiiaure niaomans uryps:,
orpannyeHHoi rpaduxoM QyHKITT
y=3 +2x — x%, KacaTeJbHOI K rpa-
duky B ero Touke ¢ abcriuccoii 3 u
. Ipamoit x =0,
Pewenue:

T'padmkom byarnun

y=-x2+2x+3
ABJIAeTCcA mapaboJa.

.

3anasna ana camMocToATeNbHON paboTbl

—x2 +2x +3=0,
~-2x-3=0.
HanneM KOpHH IO TeopeMe
Buera:

Ry

xl'xz ="'3
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x=(-1+3):2=1;y=y(1)=-1+2 +3=4.
(0; 3) — Touyka A nepece4eHUA napa6ossi ¢ Oy;
(1; 4) — KOOPAWHATEI BEPIINH napaGousr D.
x=0 — ocs Oy.
Ilns kacaTeJIbHOM o6muil Buj ypaBHeHUA

y=y(xy) +y'(xg) (x = Xp)-
Ilo ycnoBmio £, =3 — TOYKa KacaHUA.
CocTaBuM ypaBHEHUe KacaTelbHOR Y = -4x +12 u oT™e-
rum touku (0; 12) (3; 0).

Crpoum rpa¢uxn. .
Se= SAOBC - SKP.TP_OADC, SAOBC=

=%oc . OB, SAOBC=—;—' 3-12=18; -
? 2
Sy, OADC = [(-x? + 22 + 8)dx =
0
%3 3
=(———+x2+3x) =-9+9+9=09.
3 o

S,=18-9=9.5,=9.

> Omeem: 9.
Ne 91.
Haiinure o6beM Tesa, NONYyYEHHOTO NP BPalleHNH BO-
Kpyr ocu abcrmec puUrypsl, OrpaHNYEHHOH JUHUAMH:
y=x2+1,x=0,2=1,y=0;
)y=vX,x=1,x=4,y=0;

3)y=2x,y=x+3,x=0,x=1;
4)y=x+2,y=1,x=0,x=2;

5) y?>- 4x=0,x-2=0,x-4=0,y=0;
6)yf-x+1=0,x-2=0,y=0;
Ny=-x2+2x,y=0;
8)y?=2x,x-2=0 0;

9)y=~/x—1,x=3, y=0;
10)y=1-x2y=0.

9 .
Omeem: 1) 28%; 2) 7,57; 3) 1lm; 4) 16—; 5) 24w
15 3n

6) &3 7) 167 ; 8) 4n; 9) 2n; 10) 107,
2’ 15 15
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Ne 92,

Brruucnute niaomans GuUTypsl, OrpaHHYeHHON IMHIAMU:

Bapmasnr 1.
y=x2-2x+1my=1+x.
Bapunanr 3.
y=x*+1luy=—x2+4x +1.
Bapuanur 5.
y=-x2-5x+3 uy=3.
Bapuanr 7.
y=x*-3x+4uy=4.

Bapuanr 9.
y=x2-2x+2mn
y=2+4x —x2

Bapuanr 11.
y=-x*+5x+1ny=1.

Bapnanr 13.
y=-x2+2x+8uy=>5.

BapnanT 15.
y=x*-x-5uy=x-2

Bapuanr 17.
y=x"+x-4my=6—=x2
Bapuanr 19.
y=-x2+4ny=2-x
BapuanTr 21.
y=xtmy=x.
Bapuanr 23.
y=-x2+5uy=1.
Bapuanr 25.
y=-x>+6uy=0.
Bapuanr 27.

y=2x—1ny=\/;.

Bapuanr 29.
y=-x2+Tuy=0,

Bapuanr 2.
y=x-4x+4ny=4 - x2
Bapuanr 4.
y=4x-x2uy=4-zx.
Bapuanr 6.

y=x*uy=2x - x2
Bapuanr 8.

y=05x2+1, y=-x +0,5
ux=-4.

Bapmuanr 10.
y=3x-x2uy=0.

Bapuanr 12.
y=x*+2mny=1x+4.
Bapuanr 14.
y=-x22-2xmny=0.
Bapuaur 16.

y=9-x%,y=0,x=0,
x = -2,

Bapuanr 18.
y=2x2+1,y=3ux=0.
Bapuanr 20.
y=x-x*ny=x2-rx
Bapuanr 22.
y=x2+2nuy==6.
Bapuanr 24.
y=8-x2my=x%
BapuanT 26.
y=x-4,x=3uy=0.
Bapuanr 28.

y=0,5x2+1,y =0,
x=0ux=3. '
BapuanTt 30.
y=-x2+3x+4mny=0.
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BapuanTt 31.
y=-x2+x+2ux=0.

Bapuanr 33.
y=x3x=2uy=0.

Bapuanr 35.
y=x2+x+2,x=-3,
x=0my=0.
Bapunanr 37.
y=-x2+x+4ny=0.

BapuanT 39.
y=-x2+9uy=1x+3.

Ne 93.

BapuanT 32.
y=x2+2x+1uny=1-x
Bapuant 34.
y=sinx,x=0,x=7nmn
y=0.

Bapuant 36. .
y=x2+2x+4,y=4.

Bapuanr 38.
y=x2+2x,x=2uy=0.

Bapmuanr 40.

4
SN e— = ) =4
y x,x 1, x u

y=0.

BrinosHuTe TeCTOBEIE 3aAaHUA.

1. 3uavenwe mpegena lim
& x—4

I1; 2) 0;

%% -16

pasHO:

3) 8; 4) 16.

2. Ilpoussoxnas GyHKOuM Yy = x°-e* nuMeeT BUA:

1) y = bxt-e* — x5 €%

2) y = 5xt-e*+ x°e%;

3) y’ = 5xt-e%;
4) y' = 5x + €*.

3. Muddepennnan pynkouu y = 8x2 — 1 umeer BUA:

1) 8xdx; 2)dx; -

3) 16xdx; 4) 2x — 1)dx.

4. MHoxeCcTBO BceX IepBooOpasHbIX And GYHKIWH Y = X

UMeeT BUI:
1) 6; 2) 6x2;

3) x2+C; 4) 3x2+C.

5. Ucnionp3ysa cBoiicTBa OIpe/eIeHHOTO MHTErpana, uHTe-

o
rpan I(GCosx +x%)dx MOXXHO TIDUBECTH K BHAY:

0
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10.

11.

a

1) GTcos x dx ]Ex dx; 2) sz'cos xdx+ jfxzdx;
0 0 0 n

2

T

0 3
3) 4j(6cosx+x2)dx; 4) 2_[(6cosx+x2)dx.
n 0

i
. llpupamenvieM aprymMeHnTa HasbIBaeTCs:

1) PazHocTs Mexay 3HaueHHEeM QyHKIUU 1 3HAUYEHUEM
apryMesra.

2) Iuddepennnan aprymesra.

3) PasHocTs MexIy ABYMS 3HAYCHWIMU byHKRIITN.

4) PasHOCTE MeXAY ABYMA SHAUYEHUAMHU apryMeHra.

x%-25

. BHauenue opegema lim paBHO:
x5 x—-5

1) 10; 2) 25; 3) 5; 4) 0.

- Ilpoussognas pynkuun y = x3- e* umeer Bun:

1) y = 3x%-e* — x3. %
2) y = 3x2-e* + x3.e%;
3) y = 3x%.e%;
4) ¥y = 3x + e~

. Hudbepennnan pyaxnuu y = x3 + 1 umeer BUJI:

1) 3xdx; 2) dx; 3) 3x2dx; 4) (3x% + 1)dx.

MuoskecTBO Beex mepBooGpasHbIX AT QYHKIMH § = 4x
uMeeT BUL:
1) 4; 2) x%; 3) x2+ C; 4) 2x2 + C.

I/ICIIOJIBSYH CBOMCTBA OIIpeneIeHHOI0 MHTerpaja, HHTe-

T
rpan f(5sinx +x° )dx MOKHO HPUBECTH K BUAY:
o .

T

1) 5}sin xdx + jix3dx; 2) 5J2'sin xdx + Tx3dx;
0 0 0 n

2
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12.

13.

14.

]

15.

16.

17.

0 3
3) {(5sin x + 2%)dx; 4) 2[(Bsin x + 2%)dx.
n 0

IIpupammenneM QYHKIUMK HAa3BIBAETCA:

1) PasHocTp MeXAYy 3HAUYeHHEM (QYHKIUH M 3HAUEHUEM
apryMesTa.

2) Onddepennuan aprymMesTa.

3) PazHocTh MeXKAY HBRYMS 3HAUCHUAMU QYHKIUU.

4) PasHocTh MeXXAY JBYMA 3HAUEHMAMY apryMeHTa.

. (5+x)(8+x)
Buavenye npegena lim ~—————= pasHo:
155  95_ x
1) —-0,2; 2) ow; 3) 0,2; 4) 0.

ITpomsBoaHas QYHKIMA y = x*+e* umeeT BHA:
1) y' = 4x%-e* — xt-e;

2) y' = 4x3-e* + xte e

3) y' = 4x3.e%;

4) y' = 4x% + €~

Iuddepennuan Gyaxuun y = x5 + 1 umeer Bug:
1) 5xdx; 2) dx; 3) 5xdx; 4) (bx* + 1)dx.

MEOo)KecTBO BceX MeprooOpasHbIX Ans GyHKIHY y = 6x

HMeeT BUJ:
1) 6; 2) x5; 3) x2 + C; 4) 3x% + C.

I/ICHOJILSYH cBoiicTBa oIIpeneyIeHHOr'0 HHTerpajaa, uHTe-

T
rpan f (Tsinx + xs)dx MOXKHO TIPMIBECTH K BUIY:
0 x

1) 7]Esin xdx+ ?xsdx; 2) 7fsin xdx+ ]Exsdx;
0 0 ¢ 0 L3 ’

2

T

0 2
3) [(7sin x + x°)dx; 4) 2[(Tsin x + 2%)dx.
n 0
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18. Muddepennuan GPyHKIUM paBeH:
1) IIpousseeHNIO IPOU3BOAHOI BTOM HYHKIMU HA aud-
depennuan aprymesra.

2) Nnddepennnany aprymeHTa.

3) HponsBeneHnm apeaeaa aroi (bymcnnn Ha audde-
peRnyan aprymeHTa.

4) ITpousBesenuro aToit GyHKIUA Ha npnpamenne apry-
MeHTa.

. Onpepenenusik unTErpas — aTo0:
1) Yuco.

2) CoBoxynHOCTH HEPBOOGPASHEIX DYHKIIMIA.
3) IleprooGpasHas ¢pyRKIMA.

4) Dopmya.

. Heonpenesnennsrit uuTerpasr — aro:
1) Yncio.
2) CoBoxynHOCTH 11€PBOOGPA3HBIX DYHKIME.
3) IlepBooGpasuas GyrKINs.

4) dopmya.

)
%& Bonpocbi no Teme

1. Imo maxoe rpusoruneiinas mpaneyus?

2. B wem 3arniouaemca zeomempuieckuil cmbica onpede-
JeHH020 uRmezpana?

3. Kak ewuucaums naowade naockoti guzypss ¢ nomowsio
unmezpara (cocmasbme ca06ecKbil anzopumm)?

4. ITepeyucaume obnacmu npumeHneHus urmezpaaa, Has3o-
éume 6enULUHLL, KOMOPbLe MONCHO 8bIYUCAUMY C NOMO-
Wbvlo unmezpaaa.

5. Kax Osyma cnocobamu moxho eviuucaums niowads
NPAMOLUHEUROU Quzypol (puzypsl, 02panuLenHOl om-
pesxamu 6 koopdunammol naockocmu)?

& ot 5 R M e R
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WcTopuueckue cBegeHund k pasgeny 2

Teopusa npegenos

IIpemen — oAHO U3 BaKHEHITHUX MOHATHUH MaTeMaTHKH.
Yucomo A Ha3bIBaeTCA IPEAeIoM BeJIMIUHbI X, €CJIH B IIponec-
ce cBOEro U3MEHEeHUs X HeolpaHUYEeHHO IpHOINKaeTca K A.

Ob6osmauenne lim — cokpaileHHe JATHHCKOIO CJIOBa
limes (Mesxa, rpaHNIa); HAIPEMEP, €CJIM MBI TOBOPHM «3HA-
YeHUe CTPeMHUTCS K 4eMy-aub0», TO MbI OpHOINKaeM ero
K rpanune. Tepmun «mnpegei» Bsex U. HeioroH. Pacckas o
MPOUCXOKJAEeHNH TEePMHUHOJIOTHH, NPUHATOH B Auddepen-
LMaXbLHOM HCUMCIeHWH, Obii Ob He NONOH 6e3 MOHATHS
feckoneuyHo Maioil. BeCKOHeYHO MaJbie HUrpalT BaKHYIO
POJib B MATEMATUYECKOM aHAJIH3e, KOTOPHIH I03ITOMY 4acTO
HaA3BIBAIOT TaKJKe aHAJNHN30M O6eCKOHEUHO MAaJbIX.

B pasBUTHH TeOpHM NpeAesOB IPpHHUMAJIH ydacTHe
H. Heoron, I. Jeit6aun, K. Jamambep (1717-1783),
JI. ditnep. CoBpeMeHHAs TeOpUA IIpejiesia OCHOBaHa HA CTPO-
roM onpefeaeHuu npepena, gauaom O. Komu (1789-1857),
¥ OBlJIa CYIeCTBEHHO MPOJABHHYTA paboTaMy MaTeMaTHKOB
K. Beitepmrpacca (1815—1897) u B. Bonsuaro (1781—-1848).

Teopus mpefeloB ABIAETCS 6a30BOH AN OCHOBHBIX
Teopuil BHICIIeN MaTeMaTHKM: JubdepeHINPOBaHNA, UHTE-
rpupoBanua ¥ AudpepeHuNANBHEIX YPaBHEHHI.

Ortocren Jlyn Kormiu BHeC OrpoMHEII BKJIAA B PasBUTHE
MaTeMaTHYeCKOro aHAJIW3a, ero HaydHble paboThI OXBa-
THIBAIOT PA3JIM9IHBIC Pasfiejinl MareMaTuku u ¢usuxu. OH
Hanucan ceeime 800 paGor, moiaHoe coOpaHHe COYMHEHUH
coepRuT 27 TOMOB.

Teopua nudphepeHunpoBaHna

MaTteMaTndecKHi aHANA3 (MAN IPOCTO aHANN3) — BETBB
MareMatukn, obopmusmasica B XVIII croserun u BKIIO-
vyatomas B ce6a Be OCHOBHEIE UacTU: AudrpepeRIMaIbHOE
M WHTErpaJbHOe HCYMCIeHHe. AHaJN3 BOBHHMK Oiarozaps
YCHIMAM MHOIKMX MaTeMaTHKOB (B HepByio oyepesns Mcaaka
Heiorona u Lordpuaa Jleii6ENIa) H chirpaj rpoMajHyIO
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POJIE B Pa3BUTUM €CTECTBOSHAHMA — MOABHJICA MOINHBIH,
AOCTATOYHO YHUBEPCAILHBIR METOX HCCAeOBAHNA QYHKIMIL,
BOSHMKAIIUX NPY PeIeHKH Pa3HOO6Pa3HbLIX MPUKIaNHbIX
saza4. Bakmeifimas mesp Kypca MareMaTHYeCKOTO aHaIM-
3a — 3HAKOMCTBO C HAaYaJbHLIMHM NOHATHUAMH U MeTOJaMM
aHaausa (Ipou3pogHas, futdepeHIUpoBaHMe, TepBoo6pas-
Has, UHTErpaj, MeTo/ IOMCKA MAKCHMYMOB M MUHMMYMOB
byurnnit). MaTeman}qecxnﬁ aHaJIN3 OTHOCUTCS K BhICIIelt
MareMaTHKe. JI1060i pasgen MaTeMaTHKM yIUT Hac Joruye-
CKU MEICIIUTD, paccy:xaTh. CoBceM He 06513aTeIbHO IOMEUTD
BCe ()OPMYJIBI, HYXXHO OBJajeBaThb METOAAMM pemIeHHd,
NIOTOMY 4YTO B MaTeMaTHKe BCe B3aMMOCBA3AHO ¥ OAHO BHI-
TeKaeT u3 Apyroro. He 3pa rosopaT, 4To MaTeMaTHKa — 3TO
TMMHACTHKE yMa, OHa TPEHHPYET CIIOCOOHOCTh MBINLICHHS.

B maremarnke XVII B. caMbIM GONBIIMM JOCTHIKEHUEM
CIpaBefJINBO CYUTAETCS H306peTeHNe AUPPEepeHINAILHOTO
¥ HHTErpajlbHoro mcuuciaenus. ChopMupoparoch oHO B
psapne coundenuii HoioTona u Jlelt6bHuna u nx 6amxafmmx
COTPYAHMKOE U YYEeHUKOB. BBeieHne B MaTeMaTUKy MeTOOR
aHam3a 6eCKOHEYHO MAJBIX CTAJIO0 HAYAIOM GOJIBIIHNX mmpe-
o0pa3oBanMiil, GHICTPO H3MEHHMBIINX BCE JUIO MATEMATHKY U
HOAHABLINX €€ PONb B CHCTEME eCTeCTBeHHOHAYUHEIX 3HAHMIT
qeJI0BeueCcTsa.

Opnako nmoABAeHUe aHANM3a 6ECKOHEYHO MAJIBIX He GBIIO
AeJIOM PYK OJHOIO MJIM HECKOJNBKHUX YYEHBIX, UX TeHUANb-
Holt noranku. OHO B AeiiCTBHTEILHOCTH GBLIO 3aBepIUeHTeM
AJUTEIFHOTO Npoliecca, BHYTPIMATEMAaTHYECKaA CYIIHOCTD
KOTOPOT'0 COCTOSAJNA B HAKOILIGHNH ¥ BhIJIeIEeHUU 3JIEMEHTOB
AuddepeHnuaNtbHOr0 U MHTErPaIbHOTO UCYUCICHUS U TEO-
pUH pAAOB.

[nda co3naHus ucyucaeHNs GeCKOHEUHO MAJBIX BHYTpHU
MaTeMaTHKH XVII B. CIOXKMINCH AOCTATOUHEIE IIPEAIIOCHLI-
KH. 910 ObLIM HaMWYMe CIOKHBIIEHRCA aareGpbl U BEITHC-
JHUTeJbHOM TeXHHKH; BBe[leHUE B MAaTeMATHKY IIepeMeHHOi
BEIUYHUHEI 1 KOOPAMHATHOTO METOAA; YCBOSHUe MH(PUHUTe-
3HMAaJIbHBIX HJell APeBHUX, 0COGeHHO ApXuUMeaa; HaKOILIe-
Hue MeTOROB pellleHUA 3a7a4 Ha BHIYUCICHWE KBaJpaTyp,
KybaTyp, onmpefeneHne LEHTPOB TAMKECTH, HAXOXKJEHUE
KacaTeJIbHEIX, SKCTPeMayieil u T.x.

Benukuii anrauiickuwii yueHBIH, MaTeMaTHR u ¢usnr
H. HrloToH, uccieays 3aBHCHMOCTH KOOpPAWHAT JBUKY-
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medcAd TOYKM OT BPEMEHH, (PAKTUUECKH yKe 3aHMMAJCH
ucciaeRoBaHHEeM (QyHKIui. XOTA He OH BBeJ 9TO HOHATHE,
HbIOTOH SICHO Oco3HAaBal ero sHauenue. Tak, B 1676 r. oH
orMmeuan: «f1 He Mor Obl, KOHEYHO, MOJYYHTh 3TUX OOIIMX
pesyJIbTATOB, IpeXkjie YeM He OTBJEKCA OT PacCMOTpPeHH:d
¢uryp ¥ He CBell BCe IIPOCTO K MCCIEKOBAHUIO OPANHAT»
(T. e. baxTHIecKH QYHKIUA OT BpPeMeHH).

Pasgen mMaTeMaTHKHN, B KOTOPOM H3YYalOTCHA NPOU3BOJ-
HBle ¥ MX IPUMEHEHUA K UCCAEOBAHUIO (PYHKIUMN, HA3HI-
BaeTca Ju@eperyuanbHbiM Uciucienuem, Ilpupalnesnd,
IpeACTaBIAIOIIUE co60i pa3HOCTH, UIPAIOT 3aMETHYIO POJIB
npu paboTe ¢ Ipou3BOAHBIMU. EcTecTBEHHO IOITOMY IOAB-
JIeHue JaTHHCKoro KopHA differentia (pa3HOCTH) B HASBAHUIU
calculis differential noBoro wcYuciaeHNs, KOTOPOE mepeBo-
IUTCA KaK UcuucaeHue pa3nocmet; 3T0 Ha3BaHNe MOABUIIOCH
yxe B Koune XVII B., T. e. IpK POXKAEHUN HOBOTrO METOAA.

TepMUH «IIPOU3BOAHAS» ABJAETCA OYKBAJILHEIM IIePeBO-
IOM Ha pycCKHil (paHIy3CKOTO CloBa «derivee», KOTOpoe
B 1797 r. seexn K. Jlarpaux (1736—1813); ox ke BBl CO-
BpeMeHHEIe o6o3Havenna y’', f» Takoe Ha3BaHHE OTpaKaeT
CMBICH NOHATHA: QYHKIUA f' (X) DpoHCXOAMT U3 f(x), ABAA-
ercs IpousBoAHEIM OT f(x). U. HpioToH HassIBAJI TPOH3BOA-
Hy1I0 GYHKIMIO darokcuell, a caMy QPyHKIHUO — G rioenmoil.
T. Jleit6HKL rosopui 0 dugdepeHyuaibHOM OMHOULEHUU 1
0603HaYa] IPOU3BOIHYIO KaK df/dx. 910 obosHAYEHHE TAKIKE
YaCTO BCTPEUAETCH B COBPEeMEHHOM JHTepaType.

Cumson df Jlefi6uun BeIGpan Ana o603Ha9eHHA Jug-
gepenyuana GyHKIUM. 3aMETUM, YTO CJIOBO «IKCTPeMyM»
IPOUCXOAHUT OT JATHHCKOIO extremum (xpaitunit). Maximum
nepeBOAMTCH Kax HauboNLIIM, a minimum — HAWMeHbIUNI.

ITuddepennuansHoe ucUnCieRre GBLIO CO3XaHO Heio-
ToHOM u Jleii6HMIEM cpaBHHUTEIbHO HeJaBHO, B KOHIE
XVII cronetus., Tem Gosee MOpPasUTeabHO, YTO 3a40Jr0 L0
aToro Apxumel He TOJNBKO DeIIMJ 3ajady Ha IMOCTPOEHHe
KacaTeJIbHOHN K TaKo# CJIOKHOM KpPMBOM Kak cnupais (opu-
MeHsAS TIPK 3TOM IpeAeabHbIe IIepeX0oAbl), HO M CyMest HalTH
makeumyM dyaknun f(x) = x*(a — x).

SnuszoAUYecKH MOHATHE KacaTeJIbHO# (KOTopoe CBA3AHO
¢ IOHATHEM IIPON3BOAHOI) BCTPE4aIoch B paboTax NTalbAH-
ckoro matematuxka H. Tapramsu (ox. 1500—-1557) — 3aecs
KacaTe/IbHAA MOABIJIACH B XOfie M3ydeHus Bompoca o6 yrie
HAKJIOHA OPY/AMs, IpY KOTOpoM ofecieunsaercs HanGobmas
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AanbHoCTh mojeTa cHapsaa. U. Kennep paccmarpmsan ka-
CaTeJbHYIO B X0Je pellleHUA 3aa4u 0 HauboIbiieM o6beMe
napaJjjejenunesfa, BINCAHHOIO B IIap AaHHOTO pajuyca.

B XVII B. ua ocuose yuenns ['. Tanumnesa o ABUIKEHUH
AKTHBHO Pa3BUJIACh KHHEMATHYECKAR KOHIENIHA HIPOU3BOL- -
Holt. PasiuuHble BapHAHTHI M3JOMKEHMS, NPHUMEHEHHbIE K
DA3HBIM 3aJayaM, BeTpedatorcd yxke y P. [lexapra, ppannys-
cxoro mMaremMatuka PoGepsana (1602—1675), anrauiickoro
yuenoro II. T'peropu (1638—1675), B paborax U. Bappoy.
(1630—-1677) u, nakounen, . HeioToHa. ‘

K paccmofpennio kacaTennHO# w Hopmand (mpamas,
NePIeHANKYJIAPHaA KacaTeabHON U NPOBEAEeHHAS B TOUYKE
kKacanus) Jlexkapr mpuinen B Xofe H3yYeHHA ONTHIECKUX
cBolicTB aKH3. C IOMOIIBLIO METONOR aHAIUTHUECKOH reo-
MeTPUM M U306pEeTeHHOro UM Memoda Heonpedenenkuix
KO3gulyuenmos oH CymMesn pEIIUTh 3afaYl O IOCTPOEHUH
HOpMAaJtelt X pAXY KPUBBIX, B TOM UYHCJIE JLIHICY.

B 1629 r. II. depMa mpeIoKuUI NpaBuiia HaXOXKIeHUS
IKCTPEMYMOB MHOro4jl1eH0B. CyImeCTBEHHO NOAYEPKHYTSH,
4TO (paKTHYECKH IPH BBHIBOAE 9THX npasua PepMa aKTHBHO
OpUMEeHsJ IpeAesbHbIe IEPEX0b], PACIIOJIATAs IIPOCTeAIIITM
nuddepeHNINATBEHBIM YCIOBHEM MAKCHMYMa ¥ MHHUMYMA.

PepMa CHIrpal BHIAAIOIIYIOCA POJIh B PAa3sBUTHM Mare-
MaTUKH. Ero umMa 3aciy:XKeHHO HOCUT He TOJIbKO M3BEeCTHAS
TeopeMa u3 aHanu3a. Beamxasa Teopema Pepma («Ypasre-
HUe X"+ y” = 2" He UMeeT PEllIeHUH B HATYPANLHLIX YHCIAX
IpH HATYPaAbHOM 1, GOJbIIEeM ARYX»), HE NOKasaHHAasd,
npaBia, ¥ NOHBIHE, JHUIIL OLUH M3 HTOIOB €r0 PasMEIIILIe-
HUH Haj npobieMamu ‘reopum umcen. PepMa — OAMH U3
co3faTeseil aHamMUTHYECKO# reomerpuu. OH 3aHUMAanNCA H
ontukoi. Illupoxo ussecrer npunnun Pepma («JIyu crera
PacIpoCcTpaHsaeTcs TaK, YTO BPeMd ero NpoXoiKaeHus 6yxer
HAaNMEHBIIVM» ), IPUMEHAEMBI 11 B COBPEMEHHOU (H3UKe.
BakHble CIeCTBHA 3TOr0 IPUHIMIA BHI MOMKETe BLIBECTH
CaMOCTOATENILHO. 3aKOH OTParKeHus cBeta («Yron orpaske-
HUA DaBeH yIVIy NafleHnsdA») CBOAUTCH COIVIACHO NPMHININY 3§
DepMa K pellleHHIO M3BECTHOU IreoOMeTpHMUYecKOil 3ajaun. ‘
Hna BEIBOA 3AKOHA npesoOMAeHUA C6ema BaM TOTpebyeTcs
NPUMEHNUTS U3BECTHEIE IIPABUJIA HAXOKIACHUSA SKCTPEeMyMa.

CucreMaTuuyecKoe yueHHE O NPOU3BOAHBIX DPAa3BHUTO
Jlent6aunem 1 HeroTOHOM, KOTOPHIH cPOPMYIUPOBAT M ABE
OCHOBHBIE IIPOGJIEMEI aHANN3A:
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«1. InuHa IpOXOUMOro IyTH HOCTOAHHO (T. €. B 110601
MOMEHT BpeMeHH) AaHa; TpebyeTcs HaiiTH CKOPOCTH JBHXKe-
HHS B NPefJIo’KeHHOe BpeMA.

2. CKOpOCTb [ABMIKEHHUs IOCTOSHHO JaHa; Tpebyercs
HaHTH ANUHY IPOHAEHHOTO B IPEANIOKEHHOE BpeMS IIYTH» .

IlepBas mpobiaemMa 3ajaeT NPOTPAMMYy DasBUTHS UG-
(hepeHIUAILHOTO UCYNCIeHNA. Bropas oTHOCUTCA K HHTe-
rpaNbHOMY MCUHUCJIEHUIO.

Ecyu HbI0TOH HCXOAMI B OCHOBHOM M3 3a/ja4 MEXaHUKHU
(HBIOTOHOB AHAJIMB CO3AABAJICS OFHOBDEMEHHO C HRIOTOHOBOM
KJIacCHYecKoil MexaHnKoit), To JIelbHuIT 10 IPEeuMYIECTBY
HCXOANJ U3 reoMeTPUUECKNX 3a1ad.

ToBop4 0 NoCHeAYIONEM PasBUTUH HeH aRaIn3a (a onm
OUYeHb GBICTPQ 32BOEBAJIM NONYJIAPHOCT: M HAIUIM MHOTHX
mocjexoBareneii), clIeAyeT B NepPBYI0 OUepeAb Ha3BaTh
uMeHa ydeHuKoB Jleitbauna — Gpatse SIkoGa u HMoranna
Bepaysny.

A. Jlonurans (1661-1704), KOTOpLIPI yamics y Y. Bep-
HYJLIH, U31aT yske B 1696 r. mepBuIit medaTHHIH Kypc Aud-
depeHnMAaILHOTO UCINCTIEHUA « ARAMN3 GeCKOHEYHO MAJIBIX
LTS MCCNEOBAHWA KPHUBHIX JMHUIA», CHOCOGCTBOBABIINIA
patIpoCcTPAHEHUIO HOBBIX METOAOB. PAA KPYIHbIX pesybTa-
TOB moJyura Jlarpas:K, ero paboTe! CHIIDANIH BaXXHYIO DOJIb
B OCMEICJIEHMH OCHOB aHAJIN3A.

Kak ¥ B cIyyae MHOTHX APYTHX pasfesioB MaTeMaTUKH,
HEOLEHUM BKJ4JX B PasBHTHe MATEMATHYECKOro aHANN3a,
pHecennuiit JI. Ditnepom u K. ®@. Tayccom (1777-1855).

OHTY3Ma3M, BEISBAHHBLIA NOABJIEHWEM HOBOI'O MOLIHOTO
MeToja, MO3BOJAIONIErO PelllaTh MUPOKHHA KPYT 3a4ad, CIIo-
cobeTBoBan GypHOMy passutumio ananmsa B XVIII 5. Ho k
KOHILY 9TOT'0 CTOJIeTHA npo0GieMbl, BOHUKIINE yXKe Y CO3/a-
Teseit AU PepeHINATLHONO U UHTEIPATBHOTO UCINCIICHNH,
MPOABUJINCEL BeCbMa OCTPO.

OcHoBHAS TPYAHOCTHL COCTOAJNA B TOM, YTO TOYHBIE
onpefeleHUs TAKMX KJIOUEBBIX MOHATHHA, KaK npeden,
HenpepbieHOCMb, JelicmeumenbHoe 4UCLO0, OTCYTCTBOBAIM
(COOTBETCTBEHHO U DACCYKACHHA COAEPIKANM JIOTMIeCKHe
npobess, a MHOrAA GBLIA Jake OIMGOUHEY). XapaKTepHLIMA
npuMep — olpefeseHue HenpepsiBHOCTH. ditnep, Jlarpanx
7 paxxe Dypbe (a o paboran yxe B Hagase XIX B.) Ha3k-
BAJM HelpephiBHOH (QYHKIMIO, KOTOpad B CBoedl obiacTu
ompejie/IeHUs 3a1aHa OXHUM AHAJUTUYECKUM BEIpAKEHHEM.

223

'




OrpomHuBLit BKJIAK B PA3BHTHE MATEeMATHIECKOTO aHaJIn-
3a BHec Kapn BeitepmTpace (1815—1897). Ha pucynke BbI
BHANTe MHTePeCHHIH npumep Beitepmrpacca: sesne Hellpe-
PBIBHASA, HO HUTle He AuddepeHNUPyeMas GYHKIUA.

Tem camMpIM «HOBasi» MaTeMaTHKa He OTBeYasIa cTaHaap-
TaM CTPOr'OCTH, NPHUBBIYHEIM AJIA VUEHBIX, BOCIHTAHHBIX
Ha KJacCu4ecKux obpasnax rpeyecKMX MaTeMaTHKOB. MH-
TYMIUsA, CTONb HEOOXOAUMAA MaTeMaTHKaM, CYIeCTBEeHHO
omepennia JOTHUKY, TOXE SBASOLIVIOCS HEOTHEMIeMOi
XapaKTepUCTHKONA MareMaTudecKoill Hayku. eHmanbHas

HHTYUUUS TAKWX TUTAHTOB, KaK Heloron, Jleitbuum, Oitnep,
nomorana UM usberars omubox. Ho HeoGxozum<« 6birm
NIPOYHbIe JOTUYECKUE OCHOBEIL.

XapakTepHEI ABa BHICKa3LIBAHUA, OTHOCAIIMECH K
XVIII croneruro. MaBecTHsiit maTemaTux M. Poans nu-

CaJl, YTO HOBOe HUCYHUCJIEHHE eCTh KONJIEKIMA TeHHATbHBIX
omu6oK. A BedMKHH (DPAHIY3CKHUH MBICIHTEND Boasrep
3aMETHJI, UTO 3TO MCHHCIIEHYE IIPe/ICTABISET COBOM MCKyC-
CTBO BRIMHMCJATD U TOYHO H3MEPSATH BelllM, CYIleCTBOBAHKE
KOTODBIX He MOKeT OBITH JOKA3aHo.

PeLmntensHbId mar kK cosganuio IIpoYHOro ¢)yHAAMEH-
Ta aHanusa 6bL1 caenaH B 20-e ronnr I103aIIPOIIJIOTO BeKa
¢pannysckum Matemarurom O. Komu (1789—-1857), npexn-
JIOKUBIIAM TOUYHBIE OIpeReNeHHs (IacTO TOBOPHUJIM: «HA
A3BIKE JMCUTOH-AeNbTa») NpefeNoB QYHKIUY U IIOCIeI0Ba-
TEJIbHOCTH 1 H& UX OCHOBE AOKAa3aBIINM MHOTHe (hyHIaAMeH-
TaJpHEIE TeopeMsl aHanusa. Heckonnko parsme (1821 r.)
ONpeAeJIeHNs IPefies1a ¥ HeNPEPLIBHOCTH, MEJblH PAA APYTHUX
3aMeJYaTeNbHBIX Pe3yJbTaToB (B TOM UMCIe 3HAMEHUTHIN
npuMep QYHKIUM, HeIpepLIBHON Ha IIPOMEXYTKe, HO He
MMelolleil NPOUM3BOAHOW HU B OFHOM ero TOUKE) TICIYUYUI
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yemickuii matematuk B. Boabnano (1781-1848), Ho ero
paboTsi cTAIM MB3BECTHHI MHOIO IO3AHEE.

Jlosyurom mHormx mareMatukoB XVII B. Obui: «JIBu-
rajitech BIepel, ¥ Bepa B IPaBIUJILHOCTh Pe3ybTaTOB K BaM
IIPUAET» .

TeopuaA MHTErpupoBaHua

Hceropusa HOHATHS HHTErpaja TeCHO CBA3aHA ¢ 3a5aYaMH
HAXOXAEHUA KBaApaTyp, T.e. 3aiauaMK Ha BEIYHCICHUE IJI0-
mageti. BerupcmenuamMy maoLIafell NoBePXHOCTEH ¥ 06 HEMOB
Tesa 3aEMMAaNCh enle maTematnku [IpesHeit I'penun u Puma.

Mpuorue sHaunTeILHBIE JOCTHKEHHASA MATEMATHKOB J[peB-
Heli I'peliun B perreHNHN 3aJad Ha HaXOKJeHHUeE ILJIOLIafeH,
a Tarke 060LEMOB TeNl CBA3aHLI ¢ HMeHeM Apxumesa (287—
212 po H.3.).

PaspuBasi ujeM npejliecTBeHHUKOB, ApXumej oImpe-
NeJqNJ OJIUHY OKPYXKHOCTH M ILIOIIaxb Kpyra, o0beM m
MOBEPXHOCTh IIapa. B paGorax «O mape ¥ muiamHApe»,
«0 cnupanax», «O KoHoHzax u cdepax» OH NOKa3aja, ITO
onpeaénennue o6HeMOB 1Iapa, JIIMICOMIA, runepboonsa u
mapa6oJyionja BpallleHWsA CBOAUTCA K OIpefiesieHNI0 o0beMa
KOHYyCa ¥ IMINHApa. ApXuMex paspaboTal 1 IPUMEHNI Me-
TOABI, IIPEABOCXUTHBILINE co3xanHoe B X VII B. MHTErpanbHOE
MCUYHCIIeHNe.

ITotpeGoBanocs Gosee moJyTOopa THICAY JeET, IIpexne
YyeM HAed ApXHMeJA HAIIIKM YeTKOe BHIpasKeHHe M OBLiau
IoBeleHH! 10 ypoBHA ucuucaenus. B XVII B. maTtemMatuku
yiKe YMeJIH BEIMUCAATE IUIOUIAA MHOTHX (GUTYD ¢ KPUBBIMU
TPaHUIAMHA ¥ 06BeMbl MHOIHX Tel. A obias Teopus 6blia
co3faHa Bo BTOpoil mosoBmHe XVII B. B TpyAax BeJIMKOTO
aHraniickoro Matematuxa Vcaaka Hrrorona (1643—1716)
¥ BeJIMKOro HeMenxoro MarteMaTtuka Lordpuga Jleiibnmna
(1646—17186).

IlepBEIM eBpoOIEeHCKUM MAaTEeMaTHKOM, IONYYHUBIIUM
HOBBIe QGOPMYIIBI A IAOMaAel ¢uryp 1 06'seMoB Tend, B5LI
3HaMeHUTHII acTponom Morand Kennep (1571—-1630). Ilocxe
uccaexosanuit paga yuensrx (I1.Mepma, 1. Bannuca) H. Bap-
POY OTKPBLI CBA3h MEX Y 3a/ladaM¥y OTHICKAHUA IIoIaaeit u
npoBeJeHNeM KacaTeJbHOH (T.e. MeXKAYy HHTerPUPOBAHNEM Y
rnddepennupopannemM). UceneoBanue CBA3Y MeXKIY 3TUMHA
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criepaniuAxu, CBODOAHOE OT TeOMETPUYECKOTO A3BIKA, BBLIO
Aano U. Heioronom u I, JleiiGuumem.

Cospemennoe oGo3HaueHMe MHTerpaa BocxonuT K Jleio-
HHIY, ¥ KOTOPOro OHO BBIPAYKAJI0 MBICTh, UTO ILJIOIALb KPH-
BOJIMHEHON Tpamenuy ecTh CyMMa ILIOIafell GeCKOHeuHo
TOHKHX IIOJJOCOK INMPWHOH d m BHICOTOH f(x). Cam 3Hak
UHTerpaja sABJIAETCA CTHNUIOBAHHON JaTUHCKOR GyxBoii S
(summa). CumBox unTerpana ssegen ¢ 1675r., a BOIIPOCaMH
WHTETPaJbHOTO MCYUCIEHHA 3aHUMAaIOTCH ¢ 1696 r. Xors
HMHTErpasl U3y4aioT B OCHOBHOM y4YeHBIe-MaTeMaTHKW, HO U
Gu3nKY BHeCKM CBOI BKJIa/ B 3Ty HayKy. I[IpakTudecku HHI
onHa ¢opmyaa pusuxy He obxoauTes Ges zuddepeHnuaIn-
HOTO ¥ MHTerpaisHOro NCYNCIeHNUIt. ‘

Hrroron m JlefiGuuy, ABIAOTCA OCHOBATENAMH HHTE-
IpajlbHOrO McHHcTeHUs. OHU OTKDBLAM Ba)XKHYI0 TeopeMmy,
HOCAINYIO UX UMHA:

b
[f(x)dx = F)- F(a),

rae f(x) — dyaxuusa, maTerpUpyeMasn Ha oTpeske [a; (],
F(x) — onHa u3 ee nepBooGpasHbIX.

Paccy»xaenust, koropsle npreoanty HuioTon 1 Jleit6uuI,
HeCOBepINEeHHBI ¢ TOYKM 3PEeHUS COBPEMEHHOI'0 MATEeMATH-
4Jeckoro anaausa. B XVIII B. kpynueiunii mpefcTaBuTenb
MareMaTudeckoro anajusa Jleomapn Ditep 3TH moHATHSA
0606mma B cBoux Tpyaax. Tonbko B Hauanze XIX B. Guurm
OKOHYATeNbHO CO3JAaHBl IOHATUA UHTErPATLHOrO MCYUCIIE-
HuA. OOLIYHO IPU 9TOM OTMEYAIOT 3aCHyTH ¢paHILy3CcKOTO
marematnka Oriocrema Komm u Hememxoro mMaTemMaTuka
Teopra Pumana.

Camo cnoBo «mHTerpan» mpupymar SIko6 Bepuynnu
(1690 r.). OHO IPOUCXOAUT OT JATUHCKOLO integro, xoropoe
IEPEBOAUTCA, KAK IIDUBOAUTE B IIPENiHee COCTOSHIE, BOCCTA-
HaBiausaTk. B 1696 r. nossunocs u HasBanue HOBOH BeTBHU
MaTeMaTUKHN — HUHTErpalbHOe HCYHCIEHHEe, KOTOPOe BBEl
. Beprynnu. Yoorpebasiomeecs cefigac HagBanme «IIepBO-
o6pasHaa QYHKINA» 3aMeHII0 Gosee paHHee «IPUMHUTUBHAS
¢yHKnUA», KOTOpoe BBexn Jlarpamxk B 1797 r. O603HaUeHNE
onpeeleHHOro uHTerpaia ssea Hocnd Beprynnu, a HuKuMe
u BepxHHe npefensl — JleoHaps Jitrep.
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PA3AEN 3

OCHOBbI MCKDIETHOM MATEMATUKM

Tema 3.1. Muoxectsa. [leiicTeua Hag
mHoxecTBamu. OCHOBHbIE NOHATHA

KoMOuHATOPUKH

@) TepmuHbl N0 Teme
o MHOKeCTBO o Tlepeceuenue MHOKECTB
¢ YUncnoBoe MHOMKECTBO o O6LegHEHHEe MHOMKECTB
o Koneunoe MHOKECTBO » Pa3HocTh MHOMXKECTB
e BeckoHeuHoe MHOKECTBO o TTogMHOKECTBO
® JIeMEeHT MHOMKECTBa o KoMOnHaTOpDHKA
e JTucKpeTHOE MHOXECTBO o [TepecTaHOBKH
e BunapHbie OTHOIIEHUS o PasMelieHus
e IIycTOE MHOKECTBO e CoueTaHUA
e PapHbEIe MHOXKeCTBA ¢ Tpeyroapuuk Iackansa

OCHOBHbIE NOHATHA

Yucnosblie MHOXECTBA

JluckpeTHast MaTeMaTuKa (KOHeyHas MaTeMaTHKa) —
pasfes MaTeMaTHKH, 3aHUMAOIIUNACA U3yueHHeM CBOICTB
00BEKTOB KOHEUHOTO Xapakrepa. K MX umcry MOryT OBITH
OTHeCeHHI KOHeUHble MHOJKeCTBa, rpadsl, HEKOTOpEIe MaTe-
MAaTHYeCKHe MOJENH.

B MaTeMAaTHKe HEKOTOpBIe IMOHATHUHA SBIAIOTCA HeEOIpe-
. genseMbIMM (mepBUYHBIMK). K HEM OTHOCHTCA IOHATHE
MHOecTBa (HanpuMmep, B «Anuce 3 CTpane uynec»: «Muo-
sxecTBO 4ero? — A HUYero, IPOCTO MHOYKECTBO»).
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MHosxecTBa MOJKHO COCTABJIATE M3 PA3JIUYHEIX 00'LEKTOB,
KakK MaTepUalbHBIX, TAK ¥ a0CTpaxKTHBIX (4MCIa, reOMeTpH-
yeckHue QUrypsl u T.A.), oO0beAUHEHHBIX Ha OCHOBE CAMEIX
pPa3IMYHBIX NPH3HAKOB, COAEPIKAIINX Da3INyHOE KoJdde-
CTBO 3JIeMeHTOB. [lo/ aTeMeHTaMH MHOYKECTEBA B MAaTeMaTHKe
TIIOHNMAIOT OOBEKTHI, COCTABJAIOIINE MHOXKecTBO. QOLIYHO
MHOJKeCTBa 0003HAYAIOT PONUCHBIMY JATHHCKUMH GyKBa-
mu: A, B, C 1 1.4., a 37eMEHTB — MAaJBIMHU: 4, b, ¢ u T.7.
IIpuransexHOCTH 3JIeMEHTa MHOMKECTBY 3alIUCHIBAIOT @ € A.

OxasbeiBaeTcA YHOGHBIM CYUTATH MHOSKECTBOM ILyCTO€
MHOXXECTBO, T.e. MHOKeCTBO, He coJeprKallee HH OZHOTO
anemeHTa. Ilycroe MHOKeCTBO ofo3HauUaeTca .

PaccMmorpuM HeKoTOpEIE MPUMeEPHI MHOXKECTE.

1. MHOeCTBO HATypaabHEIX wmucen: {1, 2, 3 ...}. Mno-
JKECTBO COLEP’KUT OeCKOHEUHOE UMUCJIO DJIEMEHTOB.

2. MHoxKecTBO Bcex Zenureneit umena 12: {1, 2, 3, 4,
6, 12}. KoxneyHoe MHOECTRO, cofiepkamiee 6 aJIeMeHTOB.

3. MHOeCTBO BCeX BBINYKJBIX YETHIPEXYTOJBHUKOB.
MHOxkecTBO COREPIKUT GeCKOHEUHOoe YHUCIO0 31eMeHToB. He-
CUeTHOEe MHOYKECTBO.

4. MHOXeCTBO MelficTBUTENbHEIX YMCeN, SBIAOUIUXCA
KOpDHAMU ypaBHeHHs xZ = —1. VYpaBHeHHe He HMeeT Jeii-
CTBUTEJBHBIX KOPHEH, II03TOMY MHOKECTBO €0 pelIeHul —
mycroe.

IlopagkxoM MHOMKecTBA HA3LIBAETCS YKCJO €I'0 HJIeMeH-
T0B. EcIM MHOXKECTBO COCTOUT U3 KOHEUHOI'0 YKCJIA JJIeMEeH-
TOB, TO €0 MOPAJKOM HA3LIBAETCA KOJMIECTRO 3JIEMEHTOB.
Ecymn MHOXecTBO CORepXUT GeCKOHEYHOe THCIIO DIeMEHTOB,
OHO Ha3bIBaeTCs OeckoHeYHBIM. 113 6ECKOHEUHBIX MHOXKECTB
MO{HO BBIJEJUTh MHOJKECTBA, 3JIEMEHTEI KOTOPBIX MOXKHO
NPOHYMEPOBATH (MHOJKECTBO HATYPAJIBLHBIX UMCEN, MHOMKe-
CTBO, COCTOfAIIlEe M3 UWIEHOB apH(pMeTHYecKON WHJIH reoMe-
TPHYECKOIl IPOTPeCcCUM, 1 T.A.) — CUEeTHBIe MHOXKECTBA.

MHoKecTBa MOXKHO 3aJaBATh XaPaKTePMCTHYECKMM
ceoiicrom. Hampumep, @ ={m/n | m € Z; n ¢ N} — mHo-
JEeCTBO DanMOHANBHBIX UMCeJ], COCTOsAIilee M3 Apobeii, B
YUCAUTENC KOTOPBIX CTOMT Iejioe YMCJIO0, a B 3HAMeHaTe-
Jle — HaTypaJbHOE.

Harasapnyro uiiocTpaniio MHOKECTE AAI0T JUATDAMMBI
Oitiepa—BenHa, B KOTODHIX 3JIeMEeHTHI MHOMKECTB m300pa-
JKAIOTCSA TOUKAMM HEKOTOPHIX KPYroB.
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MHuOXKecTBo A HasbIBaeTCs MOJMHOMKECTBOM MHOMKECTBA
B (A e B), ecxm mo60ii 3leMeHT MHOKeCTBa A IpUHAAJIEKUT
MHOXKeCTBY B.

Jlio60e MHOMKECTBO eCTh IOAMHOKECTBO CaMoro cebs,
IyCTOe MHOXKECTBO ABJIAETCA MOAMHOMXKECTEOM 1060T0 MHO-
sgecTBa. Eciu A € Bu B € A, To MHOXKeCTBa A u B coctodT
U3 OAHMX M TeX ’Ke JJeMEHTOB M HA3BIBAIOTCA PaBHEIMH
(A =B). Eciu A — Henycroe IOAMHOXKECTBO mHOxecTBa B
4 A # B, To A Ha3BBAIOT COGCTBEHHBIM IOAMHOKECTEOM
MHOkecTBa B. ITOIMHOMXECTBO MHOXKECTBA NPEACTABICHHO
HA pPHCYHEKe:

[leiicTBUA C MHOXECTBAMM

ITycTs AaHBEI MHOKECTBA AnB.

1) O0BexnHEHENEM MHOXKECTB /éé
A u B nasmiBaerca MHo- f——4 — 3\
secrso C (A v B=C),
3JIeMEHTHl KOTODOTo SABJSA-
OTCA dJIeMEHTaMu A MIH
anemenTamu B.

2) IlepeceyeHneM MHOKECTB
A 1 B naspiBaeTCA MHOXe-
crBo C (A n B =C), ane-
MEHTHI KOTOPOT'0 ABJIAITCA
aymeMeHTaMU A ¥ BIeMEHTa-
Mz B ogHOBpPEMEHHO.

3) Pa3HOCTBI0O MHOJMXECTB
A u B (A\B) HasbiBaeTcH Iopeceuenye ABYX
muoxectso C (A\B =C), MHOeCTB
9JIEMEHTHL KOTOPOTo ABJISA-

\ A ¥

O6begHeHne ABYX
MHOXECTB

2
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IOTCA 3JNeMeHTaMu A U He

npuHapiaexar B. / / ¢
4) lekapTOBBIM TpOU3Be-
AeHHeM MHoO>KecTB A u B /
2

Ha3bpIBAETCA MHOXECTBO

YIOPAROYEHHBIX nap (x, y),
rxe PasnocTs aByx
MHOX>EeCTB

xe A yeB:
AxB={x,y)|x €A, y e B}
»

PaccmoTpuM elfe HeKoTopbIe HpUMEpPSl MHOMKECTR.

5. MHo)xecTBO LeNBIX umcen ecTh ofbLeAMHEHMWE MHO-
YKE€CTBa HATYPAJTBHBIX YUCEN, MHOKECTBA YUCENT, IIPOTHEO-
IONOKHBIX HATYPANbHBIM, M MHOJECTBA, COCTOSIIEr0 W3
gmcia 0:

Nu{-n|ne N u{0o=2.

6. IlepeceuenneM ABYX NPAMBIX (ne obGasaTensHo pas-
JMUYHBIX) B IPOCTPAHCTBE MOXKET GBITh HYCTOE MHOMKECTEO
(napannensHble WIN CKpeIMBAIOIMecs MIpAMEIE), TOYKA
(nepecexaromiuecs NpsMble) KM GeCKOHEUHOE MHOMKECTRO
TOYEK (NPAMAasH, COBNAAIOINASA C ABYMA 3a/IAHHBIMM).

7. PasHOCTBEI0O MHOXKECTBA TOUEK oTpe3ka AB u MHOMxe-
CTBa TOY€K, OAUHAKOBO YAANEHHLIX OT ToueK A m B (mro-
CKOCTB, NMEePNeHAMKYNAPHAA AB 1 npoxogsias depes ero
CepefuHy), ABJIAIOTCA BCe TOYKH OTpesxa AB, KpOMe ero
CepeanHEL.

8. KoopAuHATHAA TIOCKOCTH SABIAETCS AEKapTOBEIM
NpOM3BENEeHUEM JBYX KOODAWHATHBIX IpaMbIX: R x R = R2,

9. Odyuxnueii ¢ obnacTsio onpeaenenus D u MHOMeCTBOM
3HavyeHu# E HasbpIBaeTCA J060e IOAMHOMKECTBO JAexaprosa
npoussesenus D x E, yposaeTsopsaioliee yCIOBHI0 dbyHK-
QHOHANBHOCTH (ecnu F — nogmuoxectso D x E: F e D x E
u naps (x, yl); (x, yz) e F, to y1=y2)'

Cnoco6ui 3aganna MHoXecTs

MuosxecTBa MOy T GBITH 3aKaHAL CIIVICKOM, IOPOJKAAtollei
npoleAypoi, apudMeTHIeCKUMH OIIEPANUAMY, ONHCAHIEM
CBOJICTEB 2JIEMEHTOB WM rpaguuecKum npeAcTaBICHUEM.
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" 1, BajaHue MHOKECTB CIIHCKOM Hpexlnojaraer Iepeduc-
JeHue »ieMeHTOB. Hampumep, MHOXKeCTBO A COCTOUT
n3 6yks a, b, ¢, d: A= {a, b, c, d} UIU MHOKecTBO N
BKJIouaeT nudpu 0, 2, 3, 4: N={0, 2, 3, 4}.
Iipumep: {0, 2, 3, 4}={3, 4, 2, 0}= {4,0,2,8}=...

2. BajaHEe MHOMKECTB HMOPOXKJAloleil MPOLERypoil MK
apndMeTHIECKUMY ONepanusIMHU O3HAYaET ONHUCAHUE
XapaKTePUCTHYCCKMX CBOMCTB 5JIEMEHTOB MHOXKeCTBa:
X= {x]H(x)} , T.e. MHO)KecTBO X COAEPIKHT TaKue dje-
Mmentsl X, KoTophle o6nagator ceoiicteoM H(x).
Haopumep:

<=

TYpaNbHBIX YHCEN;
eM:=1,2,4,8,16, ... umm Mj = {mlm =2",ne N};

= gi kn,ke N }, N — MHOXeCcTBO BCeX Ha-

eC=A+B={x|x=a+b,acAbeBj.

3. BagaHne MHOXKECTBA OIMCAHHMEM CBOMCTB 3/€MEHTOB:
HampuMep, M — 3T0 MHOMECTBO UHCeJl, ABIAIIUXCA
2CTENIeHAMHM ABOUKH.

K ONMCAHUIO CBOMCTB €CTeCTBEHHO NpeAbABHTH Tpebo-
BaHMA TOYHOCTH W HeJBYCMEICIEHHOCTH. TaK, «MHOKECTBO
Bcex xopommux meceH 2012 rogas KasKabIi COCTaBHUT I10-pas-
momy. Hazie:kHEIM criocoGoM 0ZHOBHAYHOTO 3aAaHAA MHOXe-
CTBA ABJIAETCS MCIOJL3OBAHUE pasperaioieil Hponeaypsl,
Koropad Aas Jo6oro ofseKTa yCTaHaBIUBaeT, o0ianaet
¥ OH JAHHBIM CBOMCTBOM M COOTBETCTBEHHO ABJIAETCHA JIH
37eMEeHTOM PACCMAaTpPUBAEMOT'0O MHOMKECTBA. '

Hanpumep, S — MHOMXECTBO YCIEBalOIIMX CTY/EHTOB.
Pagpemaomieif nponexypod BKJIIOYEHUS B MHOMKECTBO S
SBJISAETCH OTCYTCTBHE HEYAOBIETBOPUTENBHBIX OIEHOK B
nocnesHeil ceccuu.

4. T'pacduuecroe 3ajaHye MHOMECTB IPOHCXOAHUT C IIO-
Moo AuarpaMm Oiinepa—Benna. 3aMKHyTad JH-
HUS — Kpyr Jiinepa — OrpaHUYHBACT MHOXECTBO, a
paMKa — yHuBepcanbHoe Ipocrpanctso E. 3anaunr 1sa
mHOXectBa: A= {b, a, ¢} u B={b, d, e, f}. Ecin axe-
MEHTOB MHOJXECTB HEMHOT'0, TO OHHM MOTYT Ha JuarpaMme
YKA3LIBATHCH ABHO (IIOKA3aHO Ha PUCYHKE).

'
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#

OcHoBHble cBoiicTBa onepaumii Hag MHOXecTBamu

W3 onpenenennmii 00'beIUHEHU A U TIepeceyeHs MHOKECTB
CIEAyeT, UTO Omepaluy NepeceYeHUs U 06beINHeHUS 061a-
AAIOT CIEAYIOMINMI CBOMCTBAMII:

1. KommyraTtuenocrs.

AUB=BuU A4;

AN B=Bn A.

2. AccouMaTuBHOCTS.
(AuB)uC=Au(BuC);
(AnB)mC=Am(BmC).

3. IncTpubyTuBHOCTS.
(AuB)mC:(AmC)u(BmC);
(AmB)uC=(AuC)m(BuC).

4. AUVA=A, AN A=A.

S.AUD=A,ANnD=0.

6. 3akonsr ge Moprana (3axoust ABOHCTBEHHOCTH).

1)C(AUB)=CAnNC B;

2)C(AnB)=CAuUCB.

HoxazaTenbcTBO JaHHEIX CBOHCTE IPOBOJUTCA HA OCHOBE
ONpeAeeHN A PABEHCTBA ABYX MHOM(ECTE.

buHapHble OTHOWEHNA

ToBopar, uto Ha MHOMXecTBe M 3alano GMHApPHOE OTHO-
menue ¢, ecau B M x M Beigeneno HEKOTOpoe MOAMHOMKe-
CcTBO R =Rw. Hpyrumu ciosammu, OHMHApHOe OTHOIIeHUE Ha
MHOKecTBe M — 3TO MOAMHOKecTBO B M x M.
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YTBep:EAeHNe, UTO 3J€MEHT @ COCTOMUT B OTHOIIEHUH @ i
¢ 3j1eMeHTOM b osHauaetr, uTo mapa (@, b) € ¢ wm apb & ‘
(a, b) € R. !

BunapHoe OTHoIlleHHe (¢, 3aJaHHOe Ha MHO}KecTBe M, I
HA3BIBAETCH:

1) pediekcuBHEIM, ecan apa Jaa Va € M, ’ |

2) cHMMeTPHYHBIM, ecln apb = boa, 1

3) aHTHCUMMeTPUYHEIM, ecaH (apb) u (boa) = a=1b, ‘

4) TpaH3UTHBHEIM, ecan (apb) u (boc) = aopc.

BunapHoe OTHoOlIeHHE ¢, 3aJlaHHOe Ha MHOXecTBe M,
Ha3BLIBAETCA OTHOIIEHWEM SKBUBAJIEHTHOCTH, €CJIU OHO ped-
JIEKCHUBHO, CUMMETPUYHO ¥ TPAH3UTHBHO. ’|

PacemoTpuMm 310 Ha mpuMepe. 5

IIyets Ha MHOMecTtBe M = {1, 2, 3} sagano GuzHapHOE
oraomenne T =1{(1, 2); (2, 1); (1, 1); (2, 2); (3, 3)}. Hoka-
3aTh, 4TO 3afaHHOEe TAKUM 00pa3oM GMHAPHOE OTHOLIEHHE T
SBJIAETCA OTHOILICHWEM SKBHUBAJIEHTHOCTH.

JloxkazaTeyJbCTRO.

HaMm Hy»XHO mOKa3aTh, 4TO GMHAPHOE OTHOLIEHUE T 00-
nagaeT ceoicTBaMu pedeKCHUBHOCTH, CHMMETPHYHOCTH H
TPAH3UTHBHOCTH.

1) HaM HY)KHO IpOBEPHUTH, YTO JJIA JIO00ro 3JIEMEHTa a
u3 MHOXKecTrBa M mapa (a, a) IpUHAAJIEKAT OMHAPHOMY
OTHOIIIEHHIO T. 3Aechk a =1, 2, 3 ¥ U3 ompeeIeHUs T
BHAHO, uTOo mapHl (1, 1), (2, 2), (3, 3) mpuHajIexaT
OMHADHOMY OTHOIIEHHUIO T.

2) Brinonnenue ycaosus (a, b) € 1 = (b, a) € 1 BugHO
NpsAMO U3 onpefieneHns GHMHADHOIO OTHOIIECHHUS T.

3) MonaxHo BHINOIHATHCA cBOicTBO: (@, b) € 1, (b, ¢) €
et=>(a,c)er.

Ieiicreutensso (1, 2) e 1, 2, D e 1 = (1, 1) € 1,

1, et (1,2 etr=(,2) < 1, oy u Tak Aanee. Jloxaza-
TeJILCTBO OKOHYEHO.

Onepauun Hag GUHAPHLIMU OTHOWEHUAMY

Mgs! yiKe 3HAeM, UTO OMHAPHEIE OTHOIIEHUS SBJIAIOT-
¢sI MHOXXECTBAMH M, CJeZOBATEJIBHO, MOXXHO TOBOPHUTH O
paBeHCTBe GMHAPHBIX OTHOIIEHHWIH M O BKJIIOYEHHHM OZHOI'O
OMHAPHOTO OTHOIUEHUS B APYroe: o=y, ¢ € y.
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Ha OunapHBIe OTHOIIEHMA, 3afaHHBIE HA HEKOTOpOM
MHOJKECTBe, HepPeHoCATC s o0IIie orepanuy Hax MHOMXKECTBA-
mu. Ilycts ¢ u y — 6GuHADHLIe OTHOINEHHS, 3afaHHEE Ha
MHOxectBe A. Torga

1) ony — ecTs 6uHapHOe OTHONIEeHUEe B A, asnawomeeca
nepeceveHNeM OTHOINEHW ¢ U vy;

2) Uy — ecTh GuHApHOe OTHOIIEHHE B A, ABIAIONIEECS
o0'beIUHEeHNeM OTHOLIEHUH ¢ 1 ;

3) o\y — ecTp Glinaproe oTHomeHue B A, ABJAOIIEeCS
Pa3HOCTHIO OTHOIIEHWH ¢ U ;
4) ¢ — ecTh GMHApDHOe OTHOIICHHE B A, aBagomeecs
AomoJHeHWeM K OGHHApHOMY OTHOLIEHHMIO ¢ B A, T.e.
¢ =A%g.
Hnsa mo6seix GuHAPHBEIX OTHOLIEHUH o, y, p, 3aJaHHEIX
Ha HEKOTOPOM MHOKecTBe A, COpaBeJJIHEBO CiefpyIoliee pa-
BeHCTBO: (Qy)p = o(yp). OHO O3HAYAET, UTO CYmepHOIUIUA
OMHADHBIX OTHOLUEHWIl o6jajaeT CBOHCTBOM accouuaTHuB-
HOCTH. JTO YTBEp)KJEHHE OBOPHUT O TOM, UTO KAKMMH GbL
ABYMs Pa3INYHBIMY CIOCOGAMY MBI HA PACCTABJIAIH CKOGKH
B BBIDQKEHUU @, @,... ¢, YTOOB IOJYYUTH CYNEepPHOZUIIHIO
ABYX OTHOIIEHHH, MBI IIOJTYYUM PABHEIE OTHONICHUS.
Ilycts Ha MHOXecTBe A 3a7an0 GMHAPHOE OTHOIIEHHE o,
TOrZja OTHOIIEHUEM, 0OPaTHHIM K ¢, HashIBAETCH OTHOIMIeHe
¢!, TaKKe 3aZlaHHOE HA A, KOTOPOE COCTOUT U3 TeX X TOIBKO
Tex map (b, a), AN KOTOPHIX CIpaBeAIUBO, 4TO (@, b) € 0.

JluckperHoe MHOXecTBO

ITox MHOKeCTBOM IIOHHMAEeTCH Habop, COBOKYIHOCTE,
cofpaHue KaKuX-11u60 065eKTOB (KOTOPhIe HA3LIBAIOTCA BIIe-
MeHTaMU MHOXKeCTBa). MHOeCTBO, BCe 37IeMEHTHI KOTODOTo
U30JIMPOBAHBI APYr OT Apyra, Ha3hIBAETCA AUCKDETHEIM.
Hna A3MepeHNs CTemeHM U30JHPOBAHHOCTH BIEMEHTOB
AQHHOT'0O MHOXECTBa BBOAUTCH MOHATHE PACCTOAHUSA MEMXKLY
aneMeHTaMu. TakuM paccTossHMEM XA IHCET MOMKET OBITB,
Hapumep, MOAYJb DAasHOCTH MeXKAY HUMM; KIS TOUCK Ha
IUIOCKOCTH — reOMEeTPHUYECKOe pacCTOSHUE.

JluCKpeTHOE MHOMECTBO ONpeAeAeTes KaK MHOMECTEO
00BEKTOB, PACCTOSHNE MEX/Y KOTOPHIMYA He MeHbIIe HeKOTO-
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poit Hanepen 3afanHoi BenuunHbl L. KoHeuHOEe MHOMXECTBO
BCerJa AucKpeTHo (B KadecTBe L Gepercd MUHUMAIBHOE U3
pacCTOSHMI MeXJy 3JIeMeHTaMM 3TOro Muoxecrsa). Jluc-
KpeTHO J060e MHOXXECTBO HeNBIX umces (A1 HUX L=1)
¥ mr060e MHOMKecTBO ApoGeil, MMeOIIMX OOIIMIl 3HaAMEeHa-
Tens m. Besgkoe KHCKpeTHOE MHOXKECTBO CUETHO, T.€. €ro
3JIeMEeHTHI MOYKHO IIPOHYMEPOBATH IeIbIMU YUCIAMHE, OTHAKO
He BCAKOE CUETHOe MHOKECTBO AUCKPETHO, HAIlpUMep, CUeT-
HOoe MHOKecTBO {1, j, », +++ *, —, @, b} He OHCKPETHO, TAaK
KaK C POCTOM # PACCTOSHUE MEXKAY COCeIHUMU dIeMEHTaMHU
cTpeMuTCa K HyJo0. ECI 3ajlaHO AMCKPeTHOe MHOKECTBO
TOUEeK IIPAMOI ¢ MEHUMAJBHEIM paccTosnuem L, To nroGoit
OTpPe3OK JJMHBI MOMKET COfiep:kaTh He Gonee g + 1 Touer
3TOr0 MHOXKECTBA.

Pasyuna Mexay AUCKPETHHIM M HeNpEepPLIBHBIM IIpen-
cTaBieHMeM HMHQOpMaIuM XOpOUIO BHAHA Ha IpHUMepe
4acoB. B areKTpPOHHBIX uacax ¢ UHQpoBeIM nudepbraTom
nH(OpPMaNuUA NpeAcTaBlIAeTCA RUCKPETHO — Ludpamy,
Ka)KJasd U3 KOTOPHIX YETKO OTJHMYaeTcs APYT OT Apyra.
B MexaHMYeCKHMX dacaX CO CTPeJOYHBIM nudpepbaaTom MH-
dbopManusa npeJCcTaBIgeTCs HelPePLIBHO — IIOJIOXKEHUIMH
ABYX CTpeNOK, IPUUeM JiBa Pa3HBIX [I0JI0’KEeHUHA CTPETIKY He
BcerJa JeTKO OTIMYMMEI (ocoGeHHO, ecnm Ha Iudepbrare
HeT MUHYTHBIX Aejienuii). BooGile jiro6oe mpejcTaBlieHuUe
“HGOPMAIUH ¢ IOMOIILI0 KOHEYHOI0 MHOXeCTBa CHMBOJIOB
(6yks, nudp, 3HaKOB IPeNXHAHNS, MATEMATHIECKUX 3HAKOB)
IUCKpPEeTHO; TpaduuecKoe Ipe/iCTaBNIeRre (DUCYHOK, qepTerx)
HEIIPEPBLIBHO.

Tunp4HbIA IpHEMep AUCKPETHOTO YCTPOMCTBA — 9BM,
COCTOSAHME IIAMATH KOTOPOI IIpe/iCTaBIIAeTCA [10C/Ief0BaTelb-
HOCTBIO FBOMUHBIX I[udp — HyJel ¥ eJHHNL, BCe Olepanuy
B Heil IPOU3BOAATCS C JUCKPETHBIMU IIPEACTABICHUAMY HH-
dopMamyn. TUNUYHEE IPAMEPH] AHATOTOBBIX YCTPOUCTB —
HN3MepUTeIbHEIe TPAGOPHI, IPEACTABAANINE HHPOPMAIINIO
HOJIOKeHHEeM CTPeJKH (BOJIBTMETD, CIIMAOMETD), HelpephIB-
HOil KpHBOM, BhIJAaBaeMOil Ha 3KPaH (ocrimyiorpad) HIH
Ha 6ymary (xapauorpad) u T.x. Ilepexox oT aHAJIOTOBBIX
npexcTaBleHnit mEGopManmuy K HudpossM (Hampumep,
BBOJ pesynbTaToB usmepeHuit 9BM) u o0paTHO B TEXHUKE
OCYIIEeCTBJIAETCH CHeNMalbHBIMH YCTPOMCTBAMU: aHAIO-
ro-I[U(POBBIMY ¥ MU(DPO-aHATOTOBLIMY IPe06pasoBaTe I AMY.
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Hpyroit mpumep, usmepeHue TeMIEePaTypsl 00JBHOrO —
paboTa ¢ ZMCKPETHHIME BeIMYHMHAMH, TaK Kak Kaxgasa
KOHKPETHAs TEeMIEepPaTypa — 3TO OTAeJbHAS NUCKDeTHAS
BeJIMYMHA. A CO3JaHMe KapAHOTPaMMEI cepAlla — 3TO HC-
cjefj0BaHNe HeMPEePHIBHON BEJMIUHEL BCISACTBHE TOTO, YTO
JIVHNA KAPAUOIPAMMEI — BeJIMYMHA HEIpepbIBHAL.

INeMeHTpI KOMBHHATOPHKN

ITpu usyueHHH Kypca MaTeMaTHYECKOH CTATHCTHKM
IPUXOAUTCA KCIOJIB30BATH METOABI OJHOI'O U3 DPasfesIOB
MaTeMaTHUKH, KOTOPBI XOTA (POPMATbHO M HEe OTHOCHUTCH K
BBICIIIEH, BY30BCKOI MaTeMaTHKe, HO, K COMKAICHHUIO, He U3-
ydaeTcs B CpefHeH IKOe. 3TOT pasfen — KOMOHMHATODHKA,
«HayKa 0 croco6ax mojcyera BADHAHTOB». JTa HAYKA UMeeT
TOT e npumepHo 300-reTHUIt BO3pACT, YTO ¥ CTATHCTHKA.
Kom6uraTopuka — ceepcTHHIA TEOPHHY BEPOATHOCTEM,
TE€OPeTUIECKOro (pyHAaMeHTa NPUKJIAAHON CTATHCTHKH,
OHA H3yYaeT IPOCTedIIMe coeAuHeHMs. Kak u B apeBHeii,
B COBPEMEHHOMH CTATHCTHKE HEeBO3MOXKHO 060iTHCH Ge3 Ha-
BBIKOB IIPOCYHTEIBATE B YMe WJIM IO KpaitHeil Mepe GhicTpo,
10 NIPOCTEIM GOpMyJIaM, BapHaHThI COOLITHI, pasMeleHnii
IPeAMETOB, 3HAaYeHUH BeJIMYUH U T.II.

PaccmoTpuM mpuMep perenns IpaKTHYECKOTO BOIIPOCA C
HCII0JIBb30BaHNeM NPaBui KomMObuHaTOpUKy. IlycTh pemaercs
BoOIIpoC 00 YCTaHOBIEHUH IIPOBOXHOM CBAZH mexay 10 npep-
TPUATHAMY (PUPMBI 110 CIEAYIOIEMY IPHHITUIY — KAXI0e
IPEANPUATHE JKOJIKHO MMETh OTAENbHBIN KaHAN CBASH CO
BCEMH OCTanbHBIMU. CKOJNBKO TaKMX KAHAJOB NPHAETCS
YCTAHOBUTH B upme?

I pemnreHns Bompoca MOMHO HapHCOBATH BBITYKJILIH
10-yronsHuK u mpoBecTH B HEM Bce AMATOHAJIH, nepecym-
TaB B KOHI€ UX THCJO U He 3a0bIB 06aBUTh YUCJIO CTOPOH.
Henogex, 3Haromuit KOMOHHATOPUKY, YKasKeT BEPHBIH OT-
BeT — Bcero Tpebyercs 45 kananos. [ia ocBoeHusa Hauboee
HOMyJNAPHBIX NPUMEHEHUN KOMOMHATOPHKH DPacCMOTPUM
€e OCHOBHBIE NOHATHUA — MEPECTAHOBKHM, PasMeNIeHUs U
COUYeTaHHUdA.

IlepecranoBKaMu Ha3LIBAIOT ONEPAIINM HAX ynopsano-
YeHHBIM DAAOM M3 NI Pa3IHYHEIX O0'BEKTOB, B IIpoIecce
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KOTODHIX «CIIMCOYHEIH COCTaB» PAja He M3MEHAETCH, HO
«MecTa» 06BEKTOB B 3TOM PAAY USMEHSIOTCS OT BAPHAHTA&
K BapuaHTy. KOJHYeCcTBO IIepeCTaHOBOK — 3TO KOJINIECTBO
HOBBIX YIIOPA/0YEHHBLIX MHOJKECTB, COCTABJIEHHBIX U3 AaH-
HOT'O MHOKECTBA C TeM ke KOJIUJIEeCTBOM 3JIEMEHTOB.

IMonpo6yeM HailTh YuCIO INEPECTAHOBOK B PAAY U3 1, 2
u 3 nmpeaMeTOB.

Bocnois3yeMcs A 3TOTO NIPOCTEHBKOM CXeMOii:
n=1 A 1 papmasnTt.
n=2 AB BA 1.2 =2 papuasnra.
n=3 ABC ACBBCABACCABCBA1-2:3=6 BapuaHros.
MOo’KHO HOKAa3aTh CTPOTO, YTO B 06IieM ciydae IHCIO
IIepecTaHOBOK B PAXY U3 1 3JIEMEHTOB COCTABUT
P=n=1.2.3..(n-1)-n,
n! — dakTopHAaN YKCIA N — IPOU3BEAeHNe [T0CTIEN0BATEND-
HBIX HATYpaIbHBIX Yucex ot 1 Jo 7.
CaoiicTBa mepecTanosok: 11=1; 0!=1.
Paccmorpum npumep.
Iano muokectso A =({1, 2, 3}.
0CTABHM BCe IepecTaHOBKHU 4YMCeJ 3TOTO MHOMKeCTBa:
123, 132, 213, 231, 312, 321. Ux 6.
Berupcium 1o dopmysne P,=3!=1.2-3=86.
Pa3MelieHHAMM K3 71 3JIEMEHTOB IIO M 3dJIeMeHTaM Ar
HasLIBAIOT KOHEUHBIE YIOpPANOYEHHBIE MHOXKECTBa, COAep-
sKaIye m 3JeMeHTOB, BBIOPAHHBIX U3 I 9IEMEHTOB MHOXKe-
ctBa A. To eCTh KOJINYECTBO PASMEIIEHNH — ITO KOJUIECTBO
HOBBIX YIIOPAJOYEHHBIX MHOXKECTB, COCTABJICHHBIX M3 /JaH-
HOT'O MHOYKECTBA ¢ APYI'MM KOJMIECTBOM 3JIeMeHToB. ucio
BCEBO3MOIKHEIX pasMelleHuii BhIYUCIAeTcs oo Qopmyre
- n!
" (n-m)!
CroiicTBa pasmeutennii: Al =n; A%=1; A" =n!
PaccmorpuM 1IpuMep.
Iano muoxectso A ={1, 2, 3}.
CocTasMM Bce pasMelIeHUs ABYX UHCeJ 3TOr0 MHOMe-
crea: 12, 21, 13, 31, 23, 32. Ux 6.

Brraucanm no hopmyie Ag = = 6.

31 _1.2-3
-2 1
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CoueTaEnAMM HA3BIBAIOT ONEpAllMH HAJ MHOXKECTBOM U3
n pa3sINYHBIX 00BEKTOB, B IIPOIlecce KOTOPLIX 06pa3yIoT mo-
MHOeCTBa U3 k 3JJeMEHTOB, B3ATHIX U3 HCXOJHOr0 MHOMKE-
CTBa, TAK, YTOOBI BADMAHTHI IOAMHOMECTB OTIMYATNCE APYT
OT ZApyra XoTs Obl OJHUM 3JeMeHTOM. TO ecTh KONMHYeCTBO
COYETAaHWH — 3TO KOJHMYECTBO HOBEIX HEYIOPAAO0YEHHBIX
MHOXKECTB, COCTABJIEHHEIX M3 JaHHOTO MHOXXECTBA ¢ APYTHM
KOJMYECTBOM 3JIEMEHTOB.

OnycTuM n0Ka3aTejpcTBO GOPMYJIBL /IS pacdeTa uucia
coueTaHU# B 00IieM BUAe U IIPHUBELeM IPHMEDPEI JJIA YUCia
couerannii u3 3 mo 2 u u3 5 no 3.

Ecnu smeMeHTH McXozHOTO MHOXecTBa A, B, C.

BapuauTts noamuoxxecrs: AB, AC, BC — Bcero Tpmu.

Ecau sreMeHTHI MCXOAHOr0O MHOXecTBa A, B, C, D, E.

Bapwuanter nogmuosxects: ABC, ABD, ABE, ACD, ACE,
ADE, BCD, BCE, BDE, CDE — Bcero JecArTs.

Ecyiz onIBIT COCTOUT B BhIGOpE M 3J1eMeHTOB Ge3 BO3Bpa-
eHuA U 0e3 yHOpAA0UYNBAHNSA, TO PA3JIUYHBIME HCXOLaMHU
cJeAyeT CUHUTATh M — 3JIeMEHTHBIE IIOJMHOKECTBa, HMEI0-
e pasiauuHbIid cocraB. Ilonyyaemele mpu 3TOM KoMmMOuHAa-
MM 3JIEMEHTOB (3JeMeHTapHbIe MCXOJbl) HOCAT Ha3BaHUE
coueTaHUe M3 N 3IJEMEeHTOB II0 M, a X obllee YMCIO
ompefensaeTca mo gopmyJie

m n! (n-1..(n-m+1)

m!(n—m)! m!
CaoiicTBa coueTaHMil: C,ll =n; C,? =1;Cr =1.

PaccmoTpuMm mpumep.

Hano muoxecrso A = {1, 2, 3}.

CocTaBuM BCe COUETAHUA ABYX YHCEJ 3TOr0 MHOXKECTBA:
1u2,2n3,1u3. Ux 3.

!
Brruucnum mo gopmyne C;' = S L E—
m!(n - m)!
. 31 1.2.3

3.

c? = = =
T 213-2p 1.2-1

CylecTByeT elie OAWH CIMOco6 BBIYHCIEGHHS YHMCIA CO-
YeTAHUM M3 1 1I0 M — C KCIOJb30BaHHEM K03h(PHUIINeHTOB
B pasBepHyTOii dpopMe 6mHOMa HriloTona (p + ¢)*. B camom
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mene, HaIpuMep, Op# 1 = 3 Ko3(PUOUEHTEl OpH CTENeHAX
PasJIOMEHUs COCTABIAIOT 1,3, 3,1, aarou ecTh codyeTaHud
u3 310 0, 1, 2, 3 1 4 3IEMEHTOB.

C mOMOILBI0 COYeTAHMI pAacCUMTHIBAETCA TpeyroibHHUK
IIackansi, KOTOpbIA 3amoJHAeTcHa spauennamu Cr, ecld
ms<n.

oo 1 2 3 4 5 6
m
0 1
1 1 1
2 1 2 1
3 1 3 3 1
4 1 4 6 4 1
5 1 5 10 10 5 1
6 1 6 15 20 15 6 1

IIposepsieTcA TPEYroJbHAK [ackans IpOCTO: NepBHIHA
3/eMeHT J0060ro OCHOBAHMS PaBeH 1, Bropoii — HOMeEpY
OCHOBAHHA, a Bee NOCTIexyiomue — CyMMe IBYX «BBIIIECTO-
Amux» (BEpXHEro u JIEBOT0).

Jns aucen C ™ , HasbIBAEMBIX raKKe GMHOMHANBHBIMH
ko3¢ pumueHTaMH, CIIpaBe/JIuBL! creAyomue TOXAECTBa,
JacTO OKA3LIBAIOLIMeECs MOJNeSHBIMY IpH pemIeHnH 3a/aY:
cr=Cr" (cBoiicTBO CHMMETPHH);

C.+/f= Cl+ Cr1; C =1 (pexyppeHTHO® COOTHOINEHHE);

Co+Cl+...+ C,"= 2" (cnencTBue GunoMuagbHOK PopMy-
b1 HploTOHA).
Jns mo6oro HATYpaJbHOTO Il BEpHA ¢dopmMyna, Ha3hIBA-
fomasaca 6HHOMOM HyroToHA:
(@+byr=Clar+C,a*h+..+ cm a» " + e +CY b .
KooddunuenTts: C", paBHBIE qHCIy cOUYeTaHui U3 1 dJre-
MEHTOB IO M, Ha3HBalOTCA GMHOMUAIBHBIMY K03(HIEH-
ramu. JacTHbIE CAydau 6umoma HeloroHa (n=2; 3) BxOAAT
B CIIMCOK GOpMYJI COKpaIleHHOro YMHOMKEHHU !
a?— 2ab+ b2=(a - b)%
a?+2ab+b*=(a+b)%
a?+3a%b +3ab?+b¥=(a+ b)3,
a® — 3a%h + 3ab> - b*=(a - b)3.
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3aganua
ANA CAMOCTOATENLHOW PaGoTbi

Ne 94,
Boruncnure smauvenus IIePeCTaHOBOK,
COYeTaHmIA,

2) P; 6) P B) Afsr) Afsm) C35e) C2.

pasMemernnii u

, Hcnonssyiite 'ra6nm';y «OcHOBHEIE DOPMYITBI KOMEHHA-
TOPHUKH»

IToustusa Popmyust OcHoBHEIe cBoiCTBA
AJI BBIYHCHEHUS
ITepecranorkn P=nl=1.2.3., 11=1;0!=1
1
Pasmewenus | - A = i Al =n; A° 1; A»=n!
(n—m)!
n!
Coueranus Cc = Cl=n; C0=1; C =1
m!(n - m)! " "
Pewenue.
a)P, =1.2.3.4=24;
)P, =1.2.3.4 5.6 =1720;
41
B) A} = =24;
) 4 (4 3)!
r) A2 ! =120;
45 = - 4)!
!
Cf _ 4! 1-2+3.4 —4;
3!(4—3)! 1-2.3.11
51! ~1.2.3.4.5
C: = =10.
®) G 216-2)! 1.2.1.2.3
Ne 95,
Borqucanre pasmeruenus:
2) A3 6) At B) A3 ) A2 m) 4D
Nz 96.

Berancianre coueranms:
a) G5 6)Cf5 ) 8 )l oa) Cs.
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Bonpocsi no reme

Ymo makoe MHONeCmE0?

Jatime onpedenenue Ona MHONCECMS: HUCNO0B0E, KOHEUHOE,
Geckoneunoe, nycmoe, Juckpemmnoe, nOGMHONCECTB0.

Kaxue muoxecmea nasvieaom pagrovimu?

Kaxue deiicmsua ¢ mnoxecmeamu eam ussecmuvi? [aiime
uMm onpederenus.

Ymo makoe GuHapHoe omHouwerue?

JHatime onpedenenus 0CHOBHbLM NOHAMUAM KOMOUHAMOPUKU:
nepecmano08KU, PA3MeUeHILL, COLemaHusl.

ITo xakum gopmyram naxodames nepecmano8Ku, pasmeuse-
Husa, couemanual

IHepeuucaume ocro6Hble CE0iCMEA NePecMano60K, pa3melye-
HUul u couemanuil.

Ymo u3 ce6a npedcmaensem mpeyzoavruk Ilackansa?

. I'de ucnoawvayiomes nonamus duckpemnol mamemamurxu?

Tema 3.2. OcHOBHbIE NOHATUA
Teopuu rpacios

@) TepMuHbl

- I'pad » CMexxHble BEPIIHHBI

* Myasturpadg - IrnuzgentHble pe6pa

- IsyponbHELA rpad + Kparusie pebpa

- ITycroit rpad - Crenens BepmIuHEI rpada

« IIpocroit rpad + HepeBo rpada

- Pe6po rpaga * Bepuiuna rpada

+ OpueHTHPOBaKKELIil rpad - Uepapxuueckas CTPYKTypa
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OCHOBHbIE NOHATUA

(¢

OcHoBHble NONOXeHUA Teopun rpados

Teopusa rpadoB — pasgesl MaTeMaTHKH, 0COBEHHOCTH
KOTOPOT'0 — reOMETPUYeCKUi IOAX0K K U3VUeHNI0 06HeKTOB.
OcHOBHOe NMOHATHE TEOPHHM — rpad) — 3ajaeTcs MHOKe-
CTBOM BepIIVH (TOMEK) ¥ MHOXeCTBOM pebep (cBsa3eit), coenu-
HAIOIUX HEKOTOPhIe napkl Bepuiud. IIpumep rpaga — cxema
MEeTPOMOJHUTEHA: MHOMECTBO CTaHIWI (BepmiuHEl rpada) u
COeIMHAIMIMX UX JuHUH (peGpa rpada).

muH 1 7 pebep.

° o Ha pucynxe mpumep mpocreii-
.‘° mero rpada, y koroporo 6 Bep-

Wnorza rpad HasBIBaIOT JepeBOM — CBASHELA rpad 6es
nuKJIOB. HccnenoBaHUsA AepeBbeB, B OTJAMYHe OT O6Ieit
TeopuM rpados, C CaMOro Havaja BeJHCh B NPHUMeHeHHH
K HayKaM, a He urpam. TepMuH (BeposTHee Bcero mo3amM-
CTBOBAHHBLIA K3 COYETAaHUA «paMHUIbHOE ADPEBO») M CaMo
IOHATHE BBel B obpamieHne HeMenxuil pusux I'. Kupxrod.
Ero nybmuxanusa 1847 r., mocBAIeHHAA 3IeKTPHYCCKUM
ensaM, BHeC/Ia OIPDOMHBIN BKJIaJ B TEOPHIO.

I'pad — COBOKYNHOCTH TOYEK M JHMHHUH, B KOTODPOMH
KaXJasd JUHUA cOefUHAET ABe Touku. Touku HasbiBaioTCs
BepHmIMHaMU rpada, tuanu — pe6pamu rpada. Ecau pebpo
COeUHAET JBe BEPIIMHBI, TO M'OBOPAT, YTO OHO UM MHIIH-
AEHTHO, 4 BepUINHLI, COeJUHEHHLIE pPeOpPOM, Ha3LIBAIOTCS
CMeXKHBIMM. [/IBe BepmIMHBI, coefuHAEMEIe pe6poM, MOTYT
COBNAJaTh; TaKoe peGpo HaskiBaercA metieii. Yucso pebep,
WHIVAEHTHLIX BepIINHe, Ha3BIBAETCHA CTeNeHbI0 BepUINHEI.
Ecnu gBa peGpa MHIMIEHTHEI OXHO U TOH e Hape BepIINH,
OHU HABHIBAIOTCA KPaTHBIMH; rpad, cojep:RaIluii KpaTHbIE
pelpa, HashIBaeTCA MYabTHrpadom.
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T'pad 1 comepkuT weThipe BepinuHH {1, 2, 3, 4} u ceMb

\‘ pebep {a, b, ¢, d, e, f, g} (cM. PUCYHOK).
2

T'pad 1 Tpad 2 Tpad 3

Pe6po a mHnmaeHTHO BepmuHaM 1 u 2; pe6po g MHIU- .
IEeHTHO TOJBKO BepIuvHe 3 M ABJIAETCA IeTJeid, BePUINHE
2 u 3 cMeXXHBI, a BepmMHE 1 u 4 He cMexxHHI; pebpa d u
f — KpaTHBble; CTelleHb BepMIMHEI 2 paBHa 4.

Pebpo, coeguHAIONIEEe ABe BEPIIMHEI, MOKET HMETh Ha-
HpaBJieHHe OT OJHOI BepIIMHBI K APYroii; B 9TOM Ciy4dae
OHO Ha3bIBaeTCS HANPaBJIEHHbIM, I OPHEHTHPOBAHHBIM,
u usobparkaeTcsa crpeaxoii. I'pad, B Koropom Bce peGpa
OpUEeHTHPOBAaHHEIE, HA3HIBAETCA OPHEHTHPOBAHHEIM rpadoM
(oprpadom); pe6pa oprpada 4acTo Ha3HIBAIOT JYTaMH. Hyru
HMEHYIOTCS KPAaTHLIMH, €CJI OHU He TOJIBKO MMeloT obmiue
BepIIMHE], HO W COBIAJAIOT IO HampasieHuio. 'pad 2 —
ODHMEHTHPOBAHHBIN; Ayru d 1 f — KpaTHbIE.

T'pad ogHO3HAUHO 3afaH, ecId 3aJJaHBI MHOXKECTBO €ro
BEpIIIMH, MHOMKECTBO pebep U YKa3aHH BCe MHIUAEHTHOCTH
(T.e. yKa3aHO, KaKue BepIIMHBI KAaKHMK peGpaMu coelnHe-
ub1). HauGosee HarnagHO rpad 3afaerca pUCYHKOM; OJHAKO
He BCe IeTajy PHCYHKA ORMHAKOBO BAXXHBI; B YaCTHOCTH,
HeCyIlleCTBeHHEI TeoMeTpUYecKue CBO#cTBa pefep (AuuHa,
KPUBHU3HA ¥ T.[.) ¥ B3aMMHOe DACIOJOKEHUEe BEPIINH Ha
mniaockoctu. nsA MammHHOU o6paboTku Goiee YAEOOHEL
CHMBOJIMYEeCKUe MpeAcTaBleHusa rpados, B KOTOPHIX He-
CYIIleCTBEHHBIX T'€OMETPUUECKHX JeTaleil HeT, HalpuMep
< npefcraBieHue rpada cuuckamu BepmuH u pebep. ['pad 1 \
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3anaercs cnuckoM BepwwuH {1, 2, 3, 4} u couckom pebep,
B KOTOPOM ISl KAXKAOT'0 pebpa yKazaHa Mapa HHIMAEHTHLIX
€My BepIlIHH:

a:(1,2) e (3,4

b:(1,3) f:(2,4

c:(2,3) g:(3, 3

d: (2, 4)

Takoit sxe cucok peGep umeer u rpad 3; HO3TOMY T'pa-
¢u1 1 u 3 paBHEL, X0TH JX DUCYHKH 3aMETHO OTJIMYAIOTCH.

lns HeopueHTHPOBaHHOrO peb6pa MOPAZOK, B KOTOPOM
VKa3aHbl COeANHAEMble UM BeDIIMHEI, HeBaykeH. [Ina opu-
€HTUPOBAHHOI'O peGpa 5TO Ba’XHO: MEPBOH YKAa3hIBaeTCH
BepIIKHA, 13 KOTOPOH BEIXOAUT peGpo. Hanpumep, oprpad 2
nonyyeH u3 rpada 1 BBeseHNEeM opueHTanuu pedep; OAHAKO,
AJISL TOTO YTOOBI MPUBELEHHBIH BhIllle COIUCOK peGep omuch-
BaJI rpa 2, B HeM HYXKHO H3MEHHUTHL OHmHUcaHHe pebep ¢ U
d—c: (3,2 ud: 4, 2).

I'pad mosxxer BoBCe He UMeTh pebep; TOTHA OH COCTOMT
U3 U30JMPOBAHHBIX BEPIIUH U Ha3bIBAETCA IYCTHIM. EciIu B
HEOPUEHTHPOBAaHHOM rpade C 7 BepIIMHAMM HET KPATHBIX
pebep U neresb, TO MAKCHMANILHOE YHCIIO pebep B HeM pas-

n(n-1)
0 —
2

9TO COOTBETCTBYET CIIyqai0, KOr/ia MEMAY JIFOGEIMM ABYMSI
BEpIINMHAMHY eCTh pefpo; Takoil rpad Ha3BIBAETCS IOJHBIM.

Mapmpyr — 3To nociezosaTeasHOCTE pebep B HeopUueH-
THPOBAHHOM I'padye, B KOTOPOM KOHeI KaXJ0ro peGpa coBIa-
AaeT ¢ HauaJioM cirefyiomero pebpa. Yuciio peGep MapuipyTa
HaspIBaeTcA ero AuuHoK. [Iukn — aTo 3aMKHYTBIH MapmIpyT,
T.€. MaplIpyT, B KOTOPOM HadaJbHAsA BepPIIMHA COBIALAET C
KoHe4HOH. B rpade 1 a, ¢, e — Mapmpyr; a, f, e, b — mux.
B oprpade opmenTUpoBaHHEIH MapuipyT, T.e. MapimpyT, B
KOTOPOM BC€ AYTM IIPOXOJATCA II0 UX OPMEHTAIMM, HASEHI-
BaeTcd IMYTeM, 4 NyTbh, ABJIAIOIMUIACA HUKIOM, HA3HIBACTCS
OPHEHTHPOBaHHBIM HHUKJOM. B rpade 2 a, d, ¢ — nyrs, [,
€, ¢ — ODPHeHTHPOBAHHEIN nuky. MHorga B nurepaType Hc-
TIOJIb3YETCA U APYras TEPMUHONOTHSA: HAIIPHMeP, 3aMKHYTHI
MapuIpyT AMEHYIOT KOHTYPOM, a IIMKJIOM HasbIBAIOT TOJLKO
TaKod KOHTYD, KOTODBIil He mepecekaeT cam cefs, T.e. He
COJIEPIKUT MOBTOPAIOMINXCA BEPIITHH.
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HeopueHTUPOBaHHEIHA rpad HA3LIBAETCA CBAIHBIM, €CIH
MeKAy JIOORIMH ABYMS €ro BepHIMHAMU eCThb MapilupyT.
Oprpad cuuTaeTcst CBA3HBIM, eCJIM OH CBA3aH 6e3 yueTa opH-
eHTAIMH ero Ayr. CBaA3HEIN rpad ¢ 7 BepIIMHAME COAEPXKUT
me meHee n — 1 peGep. Oprpad Ha3kRIBAETCA CHIBHO CBA3HBIM,
ecad u3 060l BepHIMHBEI B JIO0OYI0 APYIyIO CYIeCTBYeT
moyTe. 'pad 2 — cBA3HBINA, HO HE CHIIBHO CBA3HBIM, TaK KaK
B BepmzHy 1 HeT myTeif M3 BCeX BEpIIMH.

ITyTs HA3HIBAETCS MPOCTHIM, €CJIH BCE ero BEePIIIMHEI pas-
IMYHEBL. 3AMKHYTHIH IIyTh, B KOTOPOM BCe peGpa pasInyHel,
HasbiBaeTcd HuKIoM. IIpocToif LUKJ — 3TO 3aMKHYTHIN
IyTh, BCe BEPIIMHBI KOTOPOTO IONapHO Pa3IUYHBI. TamMuib-
TOHOBBIM HA3LIBAETCA Ipad, B KOTOPOM CYIIECTBYeT IIPOCTOM
IIMKJI, COAEPKAIIIE Bee BepIINHbI rpada (Ho He 06:A3aTeIbHO
Bce ero pebpa).

Crenens Bepuinnsl deg(v) rpada —
aT0 uMcio pefep, HEIMAEHTHBIX KaHHOM
BepIIVHE U, IpUYeM NEeTJIH YINTHIBAIOT- 0 9
ca aBakasl. ITockonbKy kKaxjgoe pebpo
UHIUAEHTHO ABYM BepIIMHAM, CyMMa
creneHeil Bcex BepmIuH rpada paBHaA
yABOEAHOMY KOJIHYeCTBY pebep.

Ecau CI0XKHUTD CTENIEHH BCeX BepIINH 3 4
HexoToporo rpada, To Kaxjoe pe6po BHeceT B 3Ty CyM-
: My BKJaj, PaBHBIA 2, IO3TOMY CHpaBefHBO CIeAyioliee

yTBepIKAeHHE:
Y .y deg(a) = 2m.

DT0 paBeHCTBO M3BECTHO KAK «JIEMMa 0 PYKOIIOMKATHAX» .
W3 Hero ciefyeT, YTO YMCJIO BEPUIMH HEUETHOH CTENleHH B
{ nobom rpade 4eTHO.

Bepmnny crenenu 0 HaspIBAIOT HM30IMPOBAHHON.

I'pad HASHIBAIOT PETYJIAPHBIM CTENEHH d, eCM CTeNeHb
KXol ero BepIIUHEI paBHa d.

I'pad, He COlEPIKAIMI IIeTeXb I KPaTHEIX pebep, Hashl-
BaeTcsi OGBIKHOBEHHBIM, MM HMpocThiM, rpadom (simple
graph). Bo MHOrMX myGIMKaIlMAX HCIOJIB3YETCHA APyras
TepMMHOJIOTHA: MOJ rpadoM HNOHMMaerca Ipocroi rpad,
rpad ¢ KpaTHRIMH pe6paMy Ha3bIBaIOT MyJasTUTpadoMm, ¢
netnaMu — ncesgorpadom.
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Hexoropele Kiacchl rpadoB MOXyUMaX ocobble HamMme-
HoBaHUsA. I'pad ¢ 1106bIM KONHUYECTBOM BEPIINH, HE COXEp-
XaIuii pebep, Ha3bIBaeTCA MyCTHIM. OGLIKHOBEHHEIH Ipad
C n BepIIXHaMH, JI00aA Iapa BEPIIUH KOTOPOro COeNNHeHa
pebpoM, HassIBaeTCH IMOJHBIM ¥ 0003HAYAeTCS K (oueBupHoO,
4TO B ONHOM rpade n(n — 1)/2 pebep).

ARG

I'pad, BepmIHHBEI KOTOPOro MOKHO pa3bUTH Ha Helle-
pecekalomueca moAMHOXecTBa V), u V, rak, 4To HUKaxue
ABe BepINUHEI, NPUHAJJEKAIINE OXHOMY M TOMY K€ IIOA-
MHOKEeCTBY, HE€ CME)XHBI, HA3LIBACTCA ABYROJBHBIM (WLIU
buxpomaruueckuMm, unu rpadpom Kemmura) m obosmauaercs
B n (m=|V1|v n=|V2|’ m"'n:lVI)-

Asynoawsnsrii rpad, niu 6urpad, — sto MaremaTu-
4eCKU# TePMHUH Teopumu rpadoB, o6ozmavaroniuii rpad,
MHOXXECTBO BEPIINH KOTOPOTO MOYKHO pasbuUTL Ha ABe 4a-
CTH TakuM o6pas3oM, YTO KaxAoe pebpo rpada coequHSIET
KaKyI0-TO BePIIMHY U3 OJHOH YacTu ¢ KaKoH-TO BepIIHHO
APYroii 4acCTH, T. €. He CYLIeCTBYyeT pe6pa, COeXUHAIOLIEro
AB€ BEPIIVHEI U3 OGHOM U TOH e yacTu.

\s \%

1 2

Ilonnslit ABYXOABLHBI rpad — Taxo# ABYNOIBHBLA rpad,
4TO Ka)K/Jas BepIINHA MHOXECTBa V| cBA3aHa CO BCeMU Bep-
IIHHAMH MHOXKecTBa V,, 1 Hao6opoT; o6o3HaYeHnEe — K_.

3ameuanue: noanuil deydonvhuii Tpad B, , He ABIAerca
nonnbim (3a uckiovenuem B, =K,).
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33

Ionstue rpada 6;1ar0fapsa ero HArJIAAHOCTH U BHICOKOH
OGIIIHOCTH MCHONB3YeTCH 9acTo B MHQOpPMaTHKe B CHYXKHT
OCHOBHEIM CPEJICTBOM AJIS1 OMMCAHMUA CTPYKTYPHI CIIOMKHBIX
06bexToB M (pyHKOMOHHpOBaHUsA cucreM. IIpm omucarHM
CTPYKTYp BepIIMHAMY SIBJIAIOTCA KOMIIOHEHTH! 00BEKTa, a
pebpaMu — CBSI3M MEXKAY HUMH (IIpUMEPH — BBIYHCIUTEINE-
HBIe CeTH, JIOTHIeCKHe CXeMEI, HepapXuJyecKne CTPYKTYDHI).
Ilpn onucanuM QYHKIMOHWPOBAHUSA BEepPIIMHAM COOTBET-
CTBYIOT COCTOSIHHS CHCTEMBI, a pebpaM — IepPexXoABl Mex-
Ay COCTOAHUAMH (mpUMepHl — rpad mepexofoB aBTOMATA;
rpad HTpHl, B KOTOPOM BePIIMHLI H300pakaioT MO3UIUH,
a Iyrd — XOJBI, IepPeBoAsAlye OXHY IO3UIHIO B APYIYIO).
HHorga onucaHue B Buje rpada cogepxuT oba aTH acnexTa.
HanpuMep, BepIIMHELI CETEBOro rpaduka MM GIOK-CXeMEI
ANTOpPATMA TIPEACTABIAIOT €ro KOMIOHEHTH (paGoTEl, ome-
paTophI), a MPOXOXKAEHNE MO MYTAM H306paxkaeT mepeaavy
aKTHBHOCTH OT OFHOH KOMIIOHEHTH K ApYroi, T.e. mpouecc
(GyHKIIMOHUPOBAHM.

| CsoiictBa rpadios

1. Yncyio HeueTHHIX BeplnmH rpada scersa derHo. He cy-
mecTByeT rpada, HMeIOHIero He4eTHOe YNCI0 HEJeTHBIX
BepIIUH.

2. Ecau Bce BepHIMHBI rpada deTHBHIE, TO MOXKHO OJHUM
pocYepKOM HauepTHUTh rpad, HauaB ABMIMKEHHE C Joboi
13 BepIIMH U 3aKOHUYUB €ro B Hell JKe.

3. 'pad TOBKO ¢ ABYyMs HEUETHHIMM BepUIMHAMH MOXKHO
Ha4epTUTh OJHHM pPOCYeDKOM, IPH 3TOM JBUKEHUE
HY’KHO HayaTh C OJHON M3 3TMX HEYETHBHIX BEPIUMH U
3aKOHYUTDH B JpYyroil.

4.Tpad c Gomee 4eM ABYMs HeYeTHHIMM BEPIIMHAMHM He-
BO3MOKHO HAYEPTHTHh OAHHM DPOCYEPKOM.
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OcHoBHbIe BUAbI rpathos

1. TepeBo - 3TO HEOPHEHTUPOBAHHEHBIN CEASHEIH rpad 6e3
IHUKJIOB. [lepeso ¢ » BepimHaMu Beerga umeet (n — 1) peGep.
Mesxay nro0bIMHU ABYMS BepIIMHAMH JepeBa CYIIIeCTBYET
eIUHCTBEHHBIN MapIIpPYT (ecsy GBI ero He GLLIO, HAPYILIIACE
OBI CBA3HOCTD, a ecau 6bl GBLIO JBa MApPIIPYTa ¢ OMUHAKO-
BBIMH KOHIIAMH, TO mOJayuyusca Obl Huki). [TosTomy mepeso
KMHOT/Ia OmIpefiesisieTCy KaK MWHUMAIbHBIN CBABHBIN rpad,
T.e. Tpad, B KOTOPOM yJaleHHe J0GOro pe6pa Hapymiaer
CBA3HOCTb. Bepiimna fgepeBa, Kotopas coeguHeHa pebpom
TOJIBKO C OAHOMN BEPIIMHOMN, HA3HIBAETCSA BUCAYEH BEpUINHOIM,
WX JUCTOM. B smi06oM fepeBe, cofep:xarmueM 6osee OmHOIM
BEPINMHEI, HMEeTCsI He MeHee ABYX JNCTheB. Ha pucyHKe
rpad 1 upejcraBideT IpuMep HEOPUEHTUPOBAHHOIO fePeBa.
Ero iucTbaMu ABAAIOTCA BepHIMHBI 1, 6 1 7.

IlepeBoM Ha3BIBaeTCsA CBA3HEIN rpad Ge3 MUKJIOB.

Kopresoe nepeBo — 370 cBssHbI oprpad Ges LHUKJIOB,
VIOBJIETBOPAIOIINN CIAEAVIOUINM YCIOBUAM;

1) umeeTcss pOBHO OfHA BepIUKHA, HA3BIBAEMAasd KOPHEM,

K KOTOPOIl He BeJeT HH OJHOI Ayru;
2) ¥ KaXKJOU BepIIMHe, OTIMYHON OT KOpHs, BeleTcd
POBHO OZHA AYra;

3) IpeeMHIKM BCAKON BepPIIMHBI YIOPILOUEHDI.

BepruuHb! KOpHEBOro AepeBa, He HMeIOIIVe IPeeMHUKOE,
Ha3bIBAIOTCHA JIUCTHAMU.

OpuentupoBaHHOE JepeBo — 3T0 Tpad C BhIACIeHHON
BEPUIMHOW (KOpHEM), B KOTOPOM MeXJy KOpHEM U 060l
BepINMHOM CYIIeCTByeT eAUHCTBEeHHEIH nyTh. IIpy aToM Bo3-
MOXKHBI Ba BapuaHTa OPMeHTAUWM: JUGO BCe IIyTH OpUeH-
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THPOBAHEI OT KOPHA K JIUCTHAM,
aub0 Bce HMYTH OPHEHTHPOBAHHI
OT JINCTHEB K KOpHI0. OpHeHTUpO-
BaHHOE JIePeB0O MOXKHO ITOJYYUTH
13 HEOPHEeHTHPOBAHHOIO Jepesa,
BEIOpaE B HeM J1100yI0 BEpLINHY B
KadecTBe KODHS U OJWH M3 ABYX
BApHMAHTOB OPMEHTAaOUH AYT.
Hanpumep, rpad 2 monydyeH u3
rpada 1 BEIGOPOM BEPUIMHH 5 B
KauecTBe KOPHA W OpHeHTanuei
JYT OT KOPHSA K JHUCTHAM (Ha pu-
cyake). Eciu opueHTAanunio Bcex
YT OMEHATh Ha IPOTHBOMOJIOKHYIO, TO HOIYIUTCS flepeBO
C OpHeHTaIMe# OT JUCTHEB K KODHIO; €CIH JKe [OMEHATDH
OPUEHTAIMI0 TOJBKO y 4acTeil AYT, TO IOJYYeHHBIH rpad
He OylleT OPHEHTHPOBAHHBIM NEPEBOM.

JlepeBbsl MCHIOJNB3YIOTCA B PasAHYHBIX MaTeMaTHde-
CKMX MOZeJAX, CBA3AHHBIX ¢ MHQOPMATHKON: B TEOPUH
dbopManbHEIX cHCTEM (XepeBO BHIBOAA); NPHU ONUCAHHU U
IPORKTHPOBAHUY HEPapXUUeCKUX CTPYKTYP, B YaCTHOCTH
IpY OpPTraHM3anuy GOJBIINX MaCCHBOB AAHHLIX B MH(pOPMa-
IMOHHBIX cucTeMax 6a3 JaHHBIX; B 3aJjadax IJIAHUPOBAaHUSA
(zepeBo neJeii, fepeBo IepeGopa BADMAHTOB); B TEOPHH UTD
(BepIIMHEI — IMO3UIVH UTPEI, AYTHA — XOABI, II€PEeBOAAIIMNE
OIHy TO3UIIMIO B APYI'yi0, KOPeHb — HavaJIbHas IMO3UIHULI,
JIUCThA — 3aKJIOYUTEILHEIe HO3UITHY).

2. U/NJIN rpad — crnenuaibHBIN THO rpada, IIEPOKO
HCIIOJNb3yeMBlil B MICKYCCTBEHHOM HMHTeJIIEKTe U IPOrpaMMu-
DOBAHMM, a TaK)Xe B 33/ja4aX TeOPHH TIPUHATUS PEeLIeHHi,
UCCJIeIOBAaHUHY Ollepaluii ¥ cucTeMHOM aHanuse. ['pad Takoro
THIIA ONKCHIBAET PA3BUTHE HEKOTOPOr'o Ipollecca OT Hadallb-
HOI BepIIMHEI rpada K MHOXKECTBY KOHEUHBIX BeplIuH. Bee
ocTanbHBIE (He HAYaIbHAS U He KOHeUHbIe) BePIIMHBL eJIAT-
cst Ha gBa Tuna: Bepmumebl M u Bepmuasl WJIN. Bepmuna
TepBOTro TUIA B030y:KAaeTcd TONBKO DX HAIMYNK CHT'HAIOB
aKTHBM3aLUHU HA BCEX ee BXOJax, a BepmmuuHa UJIM — npu
MMOSIBJIEHNM XOTA OBl OJHOr0 CHrHajla AKTHMBHU3AIUHN HA JIIO-
60M 13 ee BXOAOB. AKTHBU3UPOBaHHAS BepIIINHA IlepeAaer
CHTHAJBI AKTUBU3alUY Ha BCe COLpsKeHHble ¢ Hell BepLIHn-
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Hbl. Bruelnuue curaaini X,
aKTHBHU3AUUH [TOPOM/Ia-
IOTCA BHEITHWMY HUCTOY-
HUKaMH{, KOTODHIMH, B X,
YaCTHOCTH, MOTYT OBITH \

u

Bxopgras X,
BepIINHA

BEIXOAHEIE BepPINIHHEI
apyrux U/UJHU rpa-
¢oB. Ucnonssysa ob6o-
3HaYeHUA, IPUHATHIE B
anreGpe JOTHKHA, M6KHO
3aMHCaTh, 4TO
Z,=x,(x, v x,),
Z,=x x, x, x,,
Zy=(x, v x,) x,.

3. Uepapxnyeckas
CTPYKTYypPa — 3TO CTPYK-
TypPa CHCTEeMBI, 4aCTH
(XOMIIOHEHTBI) KOTODOIi CBA3aHBI OTHOMIEHUAMH BKJIIOUCHUS
uny noxausenus. HepapxudecKyo CTPYKTYpy UMeloT Ipex-
OpUATHS (38BOJ COCTOMT M3 LIEXOB M CIYXO6 yIpaBlIeHHS U
oGecrieueHns, NEXa — U3 YYACTKOB, CIYIKGH — U3 OT/ZeJIOB
U T.A.). AHAZTOTUYHO OPraHU30BAHA AAMHHUCTPATHBHO-TEP-
PHTOpHANBHAA CTPDYKTYpPA T'OCyAApCTB (HAllpuMep, pecy6in-
Ka — 006JacTh — paiioH — HacejJeHHbIH nyukr). Ilpu atom
TEPPUTOPUH CBABAHLEI OTHOIIEHUSIMY BKJICUYCHHA: pafioHBI
BXOJAAT B 00/1aCTh, 8 OPraHsl VIDABJIEHUS CBA3aHbI OTHO-
IIeHUAMY HOAYWHEHWA — DalOHHBIE BIACTH NMOAYUHSAIOTCS
06sacTHEIM. ApMeifCKHe: CoefuHEHNS (AUBUUA — IIONK —
6aTaIBOH — POTA — B3BOX — OTHAENCHHE — COJIZAT) TaKKe
00pasyioT CTPYKTYpY DOZOGHOro THIA.

Hepapxuueckas cTpykTypa msobparxkaercs OPHEeHTH-
POBaHHBIM J€PeBOM, B KOTOPOM BEPLIHMHBLI COOTBETCTBYIOT
KOMIIOHEHTaM, a AYTY — CBA3AM. JTO JepeBO OoGhIMHO pac-
I10JIaraeTCA Ha IVIOCKOCTH CIeAYIOIHUM 06pa3oM: HaBepxy —
KOpeHb AepeBa (1-# yporeHs mepapxum), m3o6paxkaroiiuii
CHUCTeMY B IeJOM (IIpeANpusATHe, rOCYAapCTEO) WM IeHTD,
KOTOPOMY BCe NOAYUHEHO (IMPEKTOD, IIpaBUTeILCTB0). Hitke
Ha OAHOIl FOPU3OHTANN — KOMIOHEHTH, HEIOCPEeACTEEHHO
CBABAHHBIE C KODHeM (KOMIIOHEHTHI 2-r0 YpOBHS — Iiexa,
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obnactu). Ha cneayromeil ropusoHTAIH — KOMIIOHEHTHI
3-ro yposHa (y4acTKH, paloOHBI), T.e. KOMIIOHEHTHI, CBA-
3aHHBIE ¢ KOMIOHEHTaMU 2-ro ypoBHA, u T.X. OT Kaxpoi
KOMIIOHEHTHI Ha BepXHUI YpOBeHb ujeT TOJIHLKO OJHA Ayra,
MMeHHO [T03TOMY I'pad TaKOH CTPYKTYPEI ABJAAETCH JePeBOM.
JIucThA 3TOrO fepeBa COOTBETCTBYIOT HUYKHUM KOMIIOHEHTaM
CTPYKTYpHI. [{JiNHa IIyTH OT BePIIMHEI K KODHIO DABHA YHCIY
6osiee BBICOKHX YPOBHEH, T.€. «BBIIIECTOAIIHNX MHCTAHI[AHA» .
B agMMUHECTPATUBHAIX CTPYKTYpax (apMusd, OpeanpusATHe,
MUHICTEPCTBO) IIyTH B JiepeBe, KaK IPaBHIO, OTPAXKAOT K
HH(OPMAIMOHHEIE ITOTOKH: CBEPXY BHU3 — DPYKOBOAAIIHE
yKa3aHud, CHU3Y BBEPX — OTYETHOCTH M OIlepaTUBHAA MH-
dopmaunsa. ITocKoaBKY IyTh OT JTH060# BEPIUUHBI K KODHIO
B JlepeBe €JUHCTBEHEH H OIpeAesIfgeTcA CIHCKOM COJepka-
muxcs B HeM BepIIUH, er0 MOYKHO HMCIIOJb30BaTh AJIA HAeH-
ruduKanuy (HauMeHOBaHUA MM HyMepanuy) KOMIOHEHTOB
cucteMsl. Tak, Ho4TOBBIA ajpec npefcrasiger coboil nyTh
B JlepeBe MOYTOBOH CHy:KOBI (6MM3KOH K afMUHHCTPATHB-
HO-TeppuTOpHanbHoMy AepeBy). Mcnonbayemasi Bo MHOTHX
HayJIHBIX KHUIaX MO3UIMOHHAA HyMepalnusa naparpagos —
3TO TTb B /iepeBe OTJIABIEHUS KHUTH (manpumep, naparpad
372.1 oznauaer naparpad 1, raasa 2, yacTs 3). 9toT npuem
HepapXu4ecKoil HAeETH(OUKAINY ¢ JaBHUX 0P HUCIOJNb3YeT-
cd JJIA OpraHu3anuy GoasIINX NHPOPMAIMOHHBIX MACCHBOB.
IToMUMO TOYTOBOM CIYKOBI TUIMYHBEIMY IIPUMEPAMU ABJIA-
JOTCA pasinyHble KJIacCHPUKAIMH: IPeJMeTHbe KaTaloru
KHHT B GUGInoTeKax, KIaccudpuranusa 8 Guonorun (Kaacc —
OTpAJ — CeMeHcTBO — poj — BHUJA) U T.A.

KHHTA

YACTh 1 YACTE 2 YACTE 3

[Trasa 1 || Tnasa 2 || Tiasa 1 || Tnasa 2 |[ Tnasa 1 |[ Tasa 2 || Tiasa 3]

Bo3MOKHEI HepapXHAYECKHEe CTPYKTYPBI, B KOTOPBIX CBA-
37 MeXKAy YPOBHAMH He 06s3aTenbHO 00pasyroT nepeso. Tax
fyaer, HalpUMep, ecad y IMOZYHMHEHHOIO eCTh HECKOJBKO
HAYAJIHLHUKOB BepXHero ypoBHA, QYHKIMU MEXAY KOTO-
PHIMU DasfieseHbl, 4 CAaMH 3TH HAYAJILHUKHA APYT APYIY He
HOAUMHAIOTCA. TaK, PYKOBOJUTENH NMPEANDPUATHAS ROJKEH
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UCIIOMHATH YKa3aHUA AUPEKTOpa O0BeAVHEHHA, KyJa BXO-
AUT 3TO NPeANPUATHAE, HO OH K€ HOAUMHAETCH VKA3aHUAM
CAHSIINACTAHIIHY.

B undopmartuke mepapxmueckue CTPYKTYPHl IIHMPOKO
HCHOMB3YIOTCA NPH NPOCKTHPOBAHUM W ONUCAHHH pas-
JUYHBIX UHQOPMALUOHHEIX CTPYKTYD M YIpPABIeHUECKUX
cucreM (6a3bl JAHHLIX, BEIYUCIUTEIbHbIE CEeTH, CeTU CBA3M,
OpraHN3aUHOHHBIE CHCTEMBI U T.A.). Hanpumep:

Knaccupurarns KOMILIOTEPHBIX IIPOrpaMmm

L IIporpammex j

Cucremsr
HIpOrpaMMUPOBAHIA

CucreMHEBIe
NPOTrpaMMEl

Ipuxnagaste
IIPOrpaMMbI

a
5| 5
3| & 52 = A :
al H] & S|l g o a, :
of =1 & S| 3| 5 ] |
AR ol &l & = %8 s
21215 |5|E[5] |8 =gl 8
S1E1& ol oj @ o glg18
) , E| Sl 4 3 | 8l =
al gl=]x 2l & 3l e
sl 3ol 88 ) 2o
wlagl sl | =] &8 o ol Al ®
Al s =] g0 s 03339‘3
mlel 8l Elo Bl e &l o'l
ol & Elx|EI&8[x glelel 8l - ~
gl &l s A |8l %l & = I
olzls| 3 5l B als|ElEl&] & a2 13
£12(21518] 518! (EIZIE|5(515 (S35
0 -
=|a|&[E[S|R|2] |§|&|5(6|£]|2] [RIRIS ]

IlouTy n106kIe 3HAHMS MOXHO IIPEACTABUTS B BHze rpada,
T.€. COBOKYITHOCTH 00'beKTOB (IOHATHIM) U cBaA3eil (oTHOITE-
HHUH) MeXKAy HUMH.

MeiicTBua ¢ rpachamu

TTockonsKy rpagsr MoxKHO paccCMaTPHBATH KaK YaCTHEIC
cry4au OGMHADHBIX OTHOIIEHWH, TO AIA HUX MOT'YT OBITH
ONpeZeIeHbl aHAIOTMYHbIe ONepalu. YKaXKeM HeKOTOpEIe
u3 HEX.
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Iycrs G, =(V, E)), G,=(V,, E,) — nBa rpada.
O6seaunenne rpados G, u G, ects rpad, y KOTOPOro
V=V, UV, E=E VE,
Coenunenne rpados G, + G, ecTb rpad, y KoToporo
V=V, uV,, E=E, VE,u{(v,, v,)}
nna Beex v, e V,,v,eV,.
TIpamoe nponssegenne rpados ecTk rpad, y KOTOPOro
V=V,-V,,

((c,5c,),(v,,0)) € E=(cppv)) € E u (c,,0,) € E,.

Mopnenu Ha RBYRONbHLIX rpagax

IIBypoabHbIH rpad — pasHOBMIHOCTH CEMaHTHUECKOH
CeTH, B KOTOpOIl KaX/asa CBA3b MOXKeT 00beIUHATE He AB4,
a Gonpiree yncio 06peKToB. B TakoM rpade npuCYTCTBYIOT
BepluMHEl ABYX THIIOB, HA30BEM HMX «YeDHBIMH» M «beibl-
MH». YepHLIM BepIIMHAM CTABATCA B COOTBETCTBHE 00BEKTHI
(momATHA), GeABIM — CBA3U MexAy obwerTamMu. Jlxobas
Ayra Ha TakoM rpade IpoXoguT MeXXAY ABYMSA BepIIMHAMU
Pa3HBIX I{BETOB.

1. Pacemorpum nmpumep rpada, KOTOPHIY IIpeJcTaBlIeH
ceMaHTHYeCKOH ceThI0 (Mojenb B Buie rpada) ¥ HATJISAHO
MOKAa3bIBaeT CMBICH 3aKJI0YeHHON B HEM MHGMOpPMAIVH.

JaHHBIH IpUMeD XOPOINO MILTIOCTPUPYET OTIUYHE MOJe-
JI¥ 3HaAHHUH OT 6a3kl faHHBIX. CeMaHTHYeCKAd CeTh HalJIAAHO
OTpa’kaeT B3aUMOCBASH CBOMCTB BXOAAIIMX B Hee 00BEKTOB.
Hanpumep, eciu B 6a3sy JaHHBIX O JKUBOTHBIX J0GaBUTH
HOBYI0 3amuchk «Kap6on — 3To ci0H», TO MBI OyJeM 3HATh
npo Kap6ona ogu# TonbKo ator ¢axT u Bce. Ho ecin noba-
BUTL 3TOT (AKT B JAHHYIO CEMaHTUYECKYI0 C€Th, TO Cpasy
JKe cTaHeT ACHO, uTo KapOoH — 5TO MIeKOIUTAIOLIee, €ro
JeTell Haflo BCKApMJINBATh MOJIOKOM, 4YTO OH JBIIIUT BO3-
AyXoM, IepeABUraeTcAd Ha UeThIPeX HOrax, mMeer Xo0boT,
OMBHY M MO3BOHOYHHK, IPHHAAJNEKUT K TOMYy JKe Kjaccy,
uro JI:xounu, Kocta u mp.
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HMeeT CBOHCTBO

P

Bekapmausaer
JeTeil MOJIOKOM

HMeeT CBOHCTBO
[LINTUT BO3RYXOM i
HMeeT 4aCTh 4
bt > TTosBoHoUHUK

Mnexonuramomnies

ABJsETCA

ABIAETCA

#
MeeT CBOHCTBO

IlepenBuraercs
Ha 4 HOrax

HMeeT YacThb

CBOMCTBO

ABAAETCA
ABJAAETCA

3HaYeHHUe

TYJATHL 0O
KpBbIIIe

JABNACTCA CBIHOM

Borarka
(TpexIBeTHAA

uMeeT CBOHCTBO

2. PaccmoTpuM Apyroil mpuMep — CTPYKTypa OpPraHOB
BJIACTH BO PpaHIuMN Bo, BpemeHa Tperseill pecny6iuxu
(1875—1940 rr.).

Oprassl BIACTH BKJIIOYAIOT B ce6s IeHTPATbHbIE OPTAHEL
U OPraHbl MECTHOI'0 CaMOYIPaBJIeHUA (MyHUIMIAIUTETEI).
IenTpanbHble OpraHbl — 3TO IPe3HAEHT, IIPABHUTEIHCTEO
u HanuonanbHoe cobpaHue (mapiaMeHT) M3 ABYX HajaT
(AmoKHAR — TanaTa AeNyTaToOB, BepXHAA — ceHar). Ua-
GupaTe HENOCPEACTBEHHO H30MPAIOT OPraHbl MECTHOTO
CaMOYIIpaBJIEeHNA U HaNaTy AemyTaroB. Bribophl cemara —
MHOTOCTeNeHHble. MyHUIINTIAIUTETH BEIGMPAIOT KOJIJIECHI0
BLIGODIITMKOB, a OHH yXe BeI6MparoT ceHaTopoB. CeHaT u
nanara ZenyTaTOB HA COBMECTHOM 3aceJlaHUY BBIGUPAIOT Impe-
suzieHTa. [IpesuseHT HasHAYAET IIPABUTEILCTBO, HO JOJIIKEH
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[IPH 3TOM YUUTHIBATE MHEHHE IAJNATH AeNYTaTOBE, IOCKOJbKY
OHA MMeeT IIPaBO BHIPA3HUTH IPABATENILCTBY HeJoBepHe (T.e.
OTIpPAaBUTEL €ro B OTCTaBKY). IIpaBUTeNsCTBO HasHadaeT B
KasKAbIi JemapTaMeHT npedeKTa, KOTOPHIA MMeeT NpaBo
OTMeHUTH J060e pellleHne MeCTHOH BiacTd.

Ha3HAYAEeT
IIpesugenT

BBIGHPAIOT v
HA MECTHOM
3acefaEMY q ipann'reﬁsc'mo)

A

»( CeHar
emyTaTos ./
BEIGHDAIOT YTaTOB < | gripasaer
o Tipederer HeZloBEepHe
TelapTaMeHTa < p—
p KOHTDOIMpYET
BIOOPIIUK: (Mo3KeT oTMe-

HHUTBH JiI0Goe

BHIOUpAIOT pemenne) ,

Opramasnr MecTHOrO
caMoynpaBleHAR
MYHEOHAOATHTETH

usbupalor

3. I'padbl MOKHO HCIIONB30BATh [JIA aHANHU3A CIOMXKHBIX
3alyTaHHBIX CUTyalyil, KOTOpble OBIBaeT TPYAHO HOHATH U3
clioBecHOTO onmcanus. PaccMoTpum, AiuA npuMepa, CIeRy-
I0lllee onucaHue nmpuMer mucrepa Pocca:

Bokcepsl ¢ TBEPAOIO MOXOAKOM

He Mo10T 110JI 3yOHOIO IIETKOIA.
Kro MoeT noJ 3yGHOIO IIIETKOM,
Tor HajgedeH AYLIOK KPOTKOM’.
Ko mon MBITH IIETKOIN He KeJsaeT,
CypoBbIM HpaBoM 00Jafaet.
Cypossiif HpaB y Tex ObIBaer,

Kro kHMXEK BOBCe He UHUTAET.
docc — Bpar ¥ KHUXXEK M raser,
OrBeTh, GoKcep OH WiIH HeT?

Jlnst onucaHus CUTYAIlUH UCIOJNB3YeTCA PAJ yTBepsk/ae-
Huit. I[IpeacTaBuM 3TH YTBEDKACHUS U CBA3U MEXKAY HUMHU B
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Buge rpada. OH MOXKET BHITJISAJETh, HATIPUMEP, CASRYIONIIM

obpasom:
oeT 1noJa 3y6HOI0
HMeeT KpoTKy0 Ay
He moet mon #

T'nsagsa Ha 9TOT rpady, OTBETUTH HA IOCTABIEHHELA BOIPOC
coBceM npocTo: Muctep Pocc He YUTAET KHUT, CIeJ0BATE Ib-
HO, OH MMeeT CYPOBBLIA HpaB, CJIEJOBATEIBHO, OH HE MOET
moJ 3yGHOIO IIETKOM, clIeJoBaTeIbHO, OH GOKCep.

4. Cnegylomuii npuMep rpada IoMoraeT nJIaHUpPOBaTh
CBOIO JleATeNIbHOCTE. B HacTodAIee BpeMs 1106011 npenogars-
TeJIb UCIIONB3YET B CBOCH AeSATEeNBHOCTH IPOEKTHBIM METOH
o0yueHns uau ero sneMeHTol. Huxxe npexcrasien rpad —
cxeMa yIpaBJAeHUS IPU CO3TAHMHU GOJBIIOrO IIPOEKTA.

MO yuureneit-

IpeaIMeTHUKOB
/ Cmorcop
Ag- i TI'pynna
TOp W, yYamuxcsa
JlokanbHLIR
KOODZHMHATOP | \
Yuurens- | _[Poxu-
OpeAMeTHHK] _| TeJn
\ T
IIuiA-
. cs

5. TpagunuoHHaA MareMaTHUYeCKasd CHMBOIUKA ABIAETCA
($opMaILHEIM A3BIKOM MAaTEMATHUKM. B OTIMYMeE OT ecTeCTBEH-
HBIX A3BIKOB (JOpMAaNbHBIE A3bIKH He HOCAT HAN{MOHATHHOI'O
xapaxkTepa. OHM DPUAYMAHEI JJs NPodeCcCHOHANBHOMN Aesd-
TEeJILHOCTH JIOoJell ¥ IOHATHHI CIeNHaINCTaM BCero MHUpA.

CMBICT MaTeMaTHUYECKOr0 BEIPAYKEHHS B3aKJIOUAETCS B
onpefeNAeMO# MM IIOCIEHOBATEILHOCTH BBIYMCINTEIbHBIX
omepanuii. ITo6sI ero noHATH, HY)XHO 3HAThH IpaBuUJa
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CTapIIMHCTBA ONepanyii, IpaBuiIa PAaCKpPHITHA cKoOok. Ha-
1puMep, B BeIpaxeHun 7 —5 - 3 B IIepBYIO ouepesb cleayer
BHITIOJIHUTH AelicTBUe, 3alMCAHHOE BTOPHIM, 49TO MOJKET
MOKAa3aThcd IPOTHBOECTECTBEHHBIM. Eciu aToro npasuia He
3HAeIb, TO OIINGeNnIbcd B BEIMUCIEHUAX.

HarnagaeIM CPeACTBOM H300paskeHus HOCJENOBATENb-
HOCTH BBIYHCIEHUS MATEMATHYECKUX BBIDAYKEHHH, T.e. HX
cMBICTIa, ABAAIOTCA rpadsl. Takol rpad npeacrasnsaer coboit
ZepeBo, THCTHAMM KOTOPOTO ABIAIOTCA YMCNIA, 4 MPOYHMHU
BepUIMHAME — Ollepanuu. JIyrH CBA3LIBAIOT BePLIKNHY-0Nepa-
IIMIO ¢ BepIInHaMu-onepanaamu. Hanpumep, a1 GOpMysl
5.(3 +7)-(8-2) nepeBo Oyner UMeTh TAKOW BUA:

TlociefoBATeIbHOCT BRINOJIHEHNS Ollepalliii ompeeia-
eTcs TIpH IPOXOKAEHUH JepeBa OT JUCTheB K KOPHIO (CHUBY
BBepx). ITocaenneil BBIIOTHUTCA ONepalus, OTMeYeHHAA B
KOpHE.

6. B dopme zaByaonnHoro rpada TpebyeTcs mOJYIUTH
MOZeJNb 3HaHUIT 0 reoMeTpUYecKoM ofnexTe — pombe. PoM6
pIMeeT 7 XapaKTepHCTUK: AJIUHY CTOPOHEI @, OCTPBIN yrox o,
Tynoii yroJ y, Iwiomags S, nepumerp P u auaronanu d, u d,.
9TH BeJIWUYHMHEI CBA3ZAHEL CJAEAYIOLIMME GOpMYJIaMu:

o +y=180, P=4a, S=a?sin a,
S=dd,/2,d?+d}?=4a%

TocrpouM ABYZONBHBIN rpad ¢ CEMbIO UePHBIMU BepIIIH-
mamu (a, o, v, S, P, d,, d,) u nsaTsio GexnsiMu (nnsa xaxpoi

U3 0ata GopmMya).

9. 3ak. 475




7. Onpepennre CKasKy, AJS KOTOPOiH cieaymoIuil rpad
OTpakaeT OTHOLIEHUS MeXKJY HepPCOHAMKAMU:

6muna, He
paabuna

¥ pasbuna
Omeem: Kypoura Pa6a.

3apanua
ANA camocToATeNbHOM paboTb |

Ne 97, v
ITocrpoiite rpad (ceMaHTHYECKYIO CETb), OTPAMAIOIIHEL
CJIeXVIOUTYIO0 HHPODPMAIIHUIO:
Mapus paGoraeT B xHeBHyI0 cMeHy. Cepreii pa6oraer
B BeuepHioi0 cMeHy. Bopuc paGoraeT B BeUEDHIOI CMEHY.
Banenruna pafoTaeT B BeuepHIOKW cMeHy. J[Ba CIy:Kamiux
3HAIOT APYT APYyra, eClK OHU paboTaloT B OZHY CMEHy.
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Onpegenure:

1) 3uaer nu Cepreit Bopuca?
2) Koro sunaer Basentnna?
3) Koro suaer Mapus?

Ne 98.

Byzem cuurath, uto cucrema «[IIKOIBHBIN YyPOK» COCTO-
UT U3 CIeAVIONIMX SIIEMeHTOB: YYeHUK, yIUTENhb, yieOHUEK,
TeTpaib, KJIACCHBIH JKYPHaJ, KjaccHadA JOCKa, MeJ, mapTa,
VUNTENLCKUR CTOJI, KaaccHas xKomHara. Iloctpoiite rpad,
B KOTODOM BepHIMHAMM OyAyT lepeduncieHHble O0BEKTHI,
a JyraMy — OTHOIIeHUA MeXAy HUMHU.

Ne 99,

Byzem cuntath, 4To cucTeMa «IIOMMKIMHUKA» COCTOUT
U3 CJefYIONINX 3JeMEHTOB: HalpaBJieHNe K Bpady, Bpad,
MejcecTpa, KabuHeT, CAHNTapKa, MeIUIIMHCKUe HHCTPYMEH-
THI, KAPTOYKa GOALHOrO, eHbrH, perucrparypa. IlocTpoiite
rpad, B KOTOPOM BepruuHaMu GyAyT nepednciIeHHbIe 00beK-
TBI, 4 AYTaMy — OTHOIIIEHUA MEKAYy HUMH.

Ne 100.

Byzem cumTaTh, 94TO KPYrOBOPOT BOZBI B IpUpoJAe obecie-
ymBaeTcs B3aMMOJeiicTBHEM CAEeAVIOIMINX OOBEeKTOB: BOJOe-
MOB (MOps, OKeaHBI, 03e€pa, IPYJLl 1 Ip.), peK, TOJ3eMHBIX
BOX, aTMocdepsl, 06JIaKO0B, IIOYBEI, PACTEHUI.

IlocTpoiiTe rpad Kpyroeopora BoABI B IPHpPOJE, B KO-
TOPOM BEPUIMHAMM ABJAITCS [epeYncIeHHble O0BeKTH,
a IyraMm — HX B3aMMOJeHCTBUS, KOTOphle 00eclIeYnBaIoT
IBUXKEHUE BOJBI.

N 101.

HocTpoiiTe AepeBba IS CIEAYIONINX apHpMeTHUECKUX
BEIPAKEHUM:

1)7-3.5+20/4;

2)6-4+7-(9-1);

3)(2+8)-(4+6)-17.

Ne 102.
3anummuTe apudMeTHIeCKMe BHIDAYKEHHUA, COOTBETCTBY-
OlIMe CICAYIONINM AepeBbAM:
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Ne 103.
BrinosHuTe TECTOBHIE 3afaHUA.
1. Bribepure yTBep:K/JeHME 0 YHUCIOBEIX MHOMKECTBAX, KO-

TOPOE ABJIAETCA UCTUHHEIM:

1) MHOKeCTBO HeJBIX YUCeN SIBJAAETCA ITOAMHOKECTBOM
MHOKECTBA AeHCTBUTENBHBLIX YHCel.

2) Orpesok [1; 12] aBnserca MOAMHOKECTBOM MPOMEXKYT-
ka (1; 10].

3) MHOKeCTBO PAalNOHANBHBIX YMCEN SABJISETCA MOAMHO-
JKeCTBOM MHOXKeCTBa HPPANMOHAJIBHEIX JHCel.

4) Uurepran (—4; 0) ABIseTCA TOAMHOMKECTBOM OTPE3Ka
[-3; -1].

2. Naun! gBa MHOXKecTBa — A u B.
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CepbIM 1BETOM BBIfieTIeHO:

1) nepecevenne MHOMXKecTB A u B;

2) o6pequHenre MHOXKecTB A u B;

3) pasHocTs MHOKeCTB A U B;

4) momonHeHUe MHOMecTBa B 0 MHOMKecTBa A.

3. Vraxute mapy (x; y), HaXOAAIMYIOCS B OTHOIIEHHH

Yy =CcosX.
1)(0; 1); 2) (1; 0); 3) (0; -1); 4) (1; 1).

4. CremeHs BepuUIMHB! A paBHa:

A4
A
1) 4; 2) 5; 3) 3; 4) 0.

5. Pacnono)xuTe 3afiaHHbIe MHOMKECTBA B IIOPSAJKE BO3pac-
TAHUA KOJIUYECTBA UX 3JIEMEeHTOB:
1) nycTOe MHOXKECTBO;
2) {xeN|1<x<3};
3) {2, 4, 6, 8, 10};
4) MHOXeCTBO IIeJIBIX UHcell.
6. lansr muoskecrsa: A={1, 2, 3, 4, 8, 12}, B={0, 2,
4, 6, 8, 10}.
VeranoBuTe COOTBETCTBHE MEXKAY CIEAYIOIIMMHU MHOMXe-
CTBAMH U HeoOXOAUMEIMM AJIA UX IOJYUYeHUA ollepanuaMu
Hax MHOXXecTBaMu A u B:

1. {2, 4, 8}
2.0, 1, 2, 3, 4, 6, 8, 10, 12}
3. {1, 3, 12}

1) nepeceuenwe MHOXecTE A n B;
2) o6eguHEHNE MHOXKECTB A 1 B;
3) passocTs MHOXKecTB A u B.

7. BribepuTe yTBep:KJeHHE O YUCIOBBIX MHOXKECTBAX, KO-
TOpOe ABNAETCA UCTUHHEIM:
1) MHOK€eCTBO IEIBIX YHUCeJ HBIAETCA TOAMHOMECTEOM
MHOKeCTBA PalOHANBHEIX ducell.
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2) Yucno 0 npuHajJIesXKUT MHOXKECTBY HATYPAIbHBIX
quceJ.
3) MHOXXKeCcTBO HATYPAJBHBIX YHCEJ ABJISETCA IIOAMHO-

sKECTBOM MHOKECTBA MPPAIlHOHAJIBHBIX YHCEI.
4) MHOeCTBO KOMIIJIEKCHBIX YHCEeJ ABIAETCA HMOAMHO-
JKeCTBOM MHOJKECTBA JelCTBUTEJIbHEIX YUCel.

8. Mauel aBa MuOkecTBa: A ={3, 5, 10, 21}, B={-5, 0, 10,

12}. x nepeceyenueM sBIAETCA:
1) mycroe mHuofecTBO;

2) {-5, 0, 3, 5, 10, 12, 21};

3) uncimo 10;

4) guco 0.

9. Nzo0parkeHHbIN rpad MOKHO HA3BATD:

1) HeOpUEHTHPOBAHHEIM;

2) mynsturpagom; ;
3) mycThIM rpadom;

4) IBYAOJBLHEIM.

10. BribepuTre 6uHaApHOE OTHOLIEHHME (X; ¥), IpPUHAIEKALIee

MHOKECTBY pellleHuil ypaBHeHHs Y = In x:
1) (0; 1);  2) (1; 0); 3) (0; -1); 4) (1; 1).

Bonpocbl no teme

1. Ymo makoe zpagh?

2. Ilepeuucaume xapaxmepucmuieckue seMeHmol 2paga

u daiime um onpedenenue.

3. Kaxue cmpyxmypbt zpagpa eam ussecmubvi? Yem onu

omauxalomes dpyz om dpyza?

4. laiime onpedenenus pasnoim eudam zpaga: npocmoi,

nycmoi, OpueHLmupos8antbvLli, HeOPUEHMUPOBAHHbLL,
myavmuzpad, d6ydonvHuLil.
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5. Moacnume gvipascenus: uHyulenmHbie pedpa, CMeHcHbLE
6epWUHbL, KpamHbie pe6pa, cCmenernv 6epUUHbL zpaga,
nemas zpaga, dyza zpaga, depeso zpaga.

Tema 3.3. InemeHThl MATEMATHYECKOW JIOTUKH.
bynesa anreGpa

6) TepmuHb

» BrickasbpIBaHUE

» Buasl BRICKa3bIBAHUNI
» KoHBIOHKINA

» Nu3BIOHKIUA

» HuBepcusa

» Tabauna HCTUHHOCTH

OCHOBHbIE NMOHATHUA

InemMeHTbl MaTemMaTHYecKon NOrUKN

Jloruxka — Hayka o ¢opmax m cmoco6ax MEIILIEHUA,
coocobax HKOKasaTeILCTB M ONPOBEPXKEHHUI. JIeMeHTH
JIOTHUKH HCIOJb3YIOTCA B TeOpeMaX TeOpMH BEPOATHOCTH,
03TOMY HeoO0X0oAVMO 3HAThH 6a30BhIe NOHATHA ITOH HAYKU.
Bce mosioeHNnsA JOTHKHA OCHOBHIBAIOTCA HA TIOHATMAX, BhHI-
CKa3BIBAHMAX ¥ YMO3AKJIIOUEeHUAX.

ITonsarue — onpexenenue 4ero-au6o, yKasbiBaiolnee ero
CyIIeCTBeHHbIe NPU3HAKU.

VTBepxkRAeHue — CcyxAeHNe, KoTopoe Tpebyerca ROKa-
3aTh WJIH ONPOBEPTHYTh.

BrIckaspiBanue (CyKJeHNe) — yTBep:KAeHHE, JJII KOTO-
pOTo UMeeT CMBIC] I'OBOPUTE, UCTUHHO OHO MJIH JIOXKHO. C BBI-
CKA3BIBAHUAMY MOKHO BEIIOJIHATH ONpefesleHHbIe AeCTBUA,
u3yJaeMele B pasjelie JIOTHKU — ajirebpe BEICKAa3bIBaAHUM, B
pes3yJIbTaTe MoJydaloTCH HOBEIe, COCTABHEIE BHICKA3LIBAHH.
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Paccysxaenue — memouxa BHICKA3BIBaHWM WM yTBEPXK-
AeHU, olIpefie/IeHHBIM 06pa3soM CBASAHHBIX ADPYT C APYroM.

YMo3aKI0ueHre — JIOTUYECKAas ONepaIus, B pe3yJIbTare
KOTOPOH M3 OJHOr0 WJIM HeCKOJILKWX JAHHBIX CY:XKIeHHUIl
monydaercs (BBIBOLZUTCS) HOEOE CYMIEHUE. YMO3aKIiode-
HUA OBIBAIOT MHAYKTUBHEIE, AefYKTHUBHBIE M II0 AHAJIOTHUU.
Paccy:xeHnsa 1 yMO3aK/II0YE€HNUA Yallle BCero NCIO0Ib3YI0TCS
IpH JOKA3aTeJIbCTBe TeOpPeM B MATeMaTHUKe, BBIIOJHEHUH
npeo6pas3oBaHuil PHIPAKEHHI, PEIeHUN 3a4ad.

[is BBINONHEHUS AeHCTBUI C TOTMYECKUMY BBIDAsKeHH -
MU B MaTeMaTH4eCcKoil JOruKe cos/laHa anarebpa BEICKA3LIBA-
Huit (anrebpa moruxn). IIOCKONBKY OCHOBEI TaKOH aareGpbl
OBLM 3a/10/K€HBI B TPYAAX aHIVIMICKOro MaTeMaTuKa JI:Kop-
mxa Byna (XIX B.), To anrebpa JOrHKM HOJIYYMIA TaKXKe
Ha3BaHUe GyJIeBoil anreGpel.

Jlorudeckune BHIDAYKEHUS GRIBAIOT IIPOCTHIMU M CIIOKHEI-
MHu, OyseM ux 0603HAYATE 3aIJIaBHBIMM JIATUHCKUMY OyKBa-
Mu. JIorudecKkue BBIPAYKEHUst IPUHUMAIOT 3Haderns O uax 1.

Hanpumep, A= «2 - 2=4» — HCTUHHOe BHICKA3BIBaHHE,
3Ha4yuT, A pasHo 1.

B=+«2:.2=>5» — noxHoe BhHICKashIBaHHWe, 3HAYMT, B
paBao 0.

PaccMOTPUM TpW OCHOBHEIX JeHCTBHUSA C BBICKA3bIBA-
HUAMU,

1. Orpuntanue.

IIpocreiimei moruvyeckoit onepanueil HAJ BHICKA3bIBA-
HUSMU ABJIAETCHA OTPUIlaHKe (MHBEPCHUA), COOTBETCTRYIOIIee
B OOLIYHOM A3BIKEe YACTHIE «He». BBIIOTHeHHWe omeparuu
OTPHIAHUA HaJ BHICKashIBaHueM A o6o3Hauaercs A o UH-
Taerca: «He A». OTpuuaHueM BBICKA3HIBAHUS HAa3BIBAETCH
TaKoe BHICKa3blBaHME A, KOTOpDOe HMCTHHHO, €CIH AAHHOE
BBICKa3bIBaHUE JIOJKHO, U JIOJKHO, €CIH JAaHHOe BLICKA3bIBa-
Hue ncTUHHO. MHBepcHs 0603HauaeTCA BepXHel YepTOYKOil,
1. HE, NOT.

SHaYeHUHA JIOIMYECKOro JeHCTBHUA 3aIMCHIBAIOTCA B Ta-
OJIMIy UCTUHHOCTH:

A A
0 1
1 0

3necs 1 — ncTUHHOE BERICKaswIBaHuWe, () — JIOMKHOE.
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2. KoHBIOHKIUA.

CJI0)KHOe BBICKA3BLIBAHHE MOJYKET OGhITh COCTaBJIEHO U3
IPOCTHIX ¢ IIOMOIILIO Co3a «U». IycTh UMeETCs ABa BbI-
ckassiBaHusg A u B. BrickasniBaHUWe, KOTOpoe HUCTHHHO B
TOM H TOJBKO B TOM CIyiae, KOrja 06a BBICKaspIBaHHA A
U1 B mcTUHHBI, Ha3bIBAeTCA KOHBIOHKI[MEH BHICKa3bIBAHHUA.
(KOoHBIOHKIIMA B IepeBofie C JATHHCKONO 03HAYAeT «COI03,
cBA3b».) KOHBIOHKIMIO HA3EIBAIOT JJOTHYECKHM YMHOXKEHIEM
u obozHadaoT A, &, AND, U, *. 3HaueHNe KOHBIOHKIHNH
IBYX BRIPAYKCHUI NMpeACTaBICHO B TAGIUIIE HCTUHHOCTY:

A B AAB
0 0 0
0 1 0
1 0 0
1 1 1

3. M3 BIOHKIHA.

BrickaspIiBanue, KOTOpOoe UCTHHHO TOTAAa U TOJNBKO TOT/AA,
Korza MCTMHHO XOTa ObI OZHO M3 BHICKashIBaHuil A u B,
HA3bIBaeTCS AMSBIOHKNUEH BRICKA3bIBaHUA. ([JIHM3BIOHKIMA
B IIEpeBojie ¢ JATHHCKOro O3HavaeT «pasoblleHue, pasiu-
que».) JUIBIOHKIIMIO HA3bIBAIOT JIOTHYECKUM CJIOXKEHUEM U
ob6ozHauator v, OR, HJIH, + . 3HaueHre ANSIBIOHKIUH IBYX
BEIpAKeHHWH IIPeACTABIEHO B TAOJMIle HCTHHHOCTH:

A B AvB
0 0 0
0 1 1
1 0 1
1 1 1

3apanua
ANA CaMOCTOATENbHOK paboTsl
Ne 104.
I-_S_anonnn're Ta6JIUIy MCTHHHOCTH JJd BHIpaKeHMusA
Z=A A(BVvC(C).
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A A(BvC)

BvC

Pewenue:

Ne 105.

3anoyHuTe Ta0IUIY MCTHHHOCTH:

a)

Ieq Iq
< >
b=y I
o o p: N
< <
~ < p: 3
< <
s q q Q
< o | < | < = <
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CocTaBrTe Ta6JII/II.H>I HUCTHHHOCTH AJIA JIOI’H‘{eCKPIX‘ BbI-
pasKeHuu:

1)Z=(AAB)v C;

2)Z=(A AB)vC;

3)Z=AAB v(AAB);

4)Z=(A A B) v(4 AB);

5)Z=AAB A(A v B).

%a*é Bonpocbl no reme

1. [laiime onpedenenus 6a306bLM NOHAMUAM JOZUKU: Onpe-
denenusa, 6vicKa3bl8anus (cyndenus), ymo3aKiOHeHu.

2. Ilepeuucrume ocHOBHble delicmeus anze0pbl 6bLCKA3bL-
sanull ( KOHBIORKYUA, OU3BIOHKYUS, UHEepCUA) U datime
um onpedenerus.

3. Ilouemy 6 anzebpe 6biCKA3LIBAHUL UCTONbIYIOM JB0OUY-
HYl0 cucmemy cuucnerus?

4. Ymo makoe mabauya ucmurnocmu?

5. Karxum o6pa3om 3anucbleaemcs 102uieckoe evipaxcerue?

WcTopuueckue cBeeHnA K pasaeny 3

OcHOBHbIE NOHATHA KOMOMHATOPUKK

KraccuyecKkue QUCKpPETHBIE 3aJa4Y¥l — 3TO 3aAa4YH BbI-
Gopa ¥ pAaCIOJIOKeHUs 3JIEMEHTOB KOHEUHOT'O MHOMKECTBA&,
MMeoIiVe B KauecTse HCXOAHOR HeKOTOPYIO GOPMYJIMPOBKY
pa3BleKaTeJbHOTO COAEPKAaHUA THIA I'0JIOBOJIOMOK.

JTo XIX B. MaTeMaTHKaM# PacCMaTPHBATIUCH B OCHOBHOM
KOHEeYHBbIe MHOKECTBa.

OCHOBEI TeOpPHH KOHEYHBIX U 0GeCKOHEUYHBIX MHOMKECTB
OBLIM 3asI0KeHs BepHapaom Boabiano, KoTopsiil chopmy-
JINPOBAJI HEKOTOpbIE U3 ee IPUHNNIOB.
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C 1872 no 1897 r. (rnasubIM o6pasom B 1872—1884 rr.)
T'eopr Kanrtop omy6Gamxosan psj paGor, B KOTOPBIX OBLIN
CHCTeMaTHUYECKN H3J0KeHBI OCHOBHbLIE Da3feNbl TeOpHU
MHOECTB, BKIIOUASA TEOPUIO TOYEUYHBIX MHOXKECTE M TEOPUIO
TPAaHCQUHATHBIX 4YACeN (KapAUHANBLHEIX M IOPAAKOBEIX).
B atux pabGorax OH He TOJBKO BBeJ OCHOBHELIE IOHSTHUS
TEOPUH MHOXKEeCTB, HO M 0DOTaTHJ MATEeMATHKY paccy:Kie-
HUAMHU HOBOT'O THIA, KOTOPBIE IPUMEHHUI AJIS HOKA3aTeNlhb-
CTBA TeOpeM TEOPHMHM MHOMKECTB, B UYACTHOCTM BIIEPBEIE K
6ecxoneunsiM MHOKecTBaM. IToaToMy o6ImenpusHAHO, YTO
Teopuio MHOXKecTB coszgax . Kanrop.

B uwacrroctu, I KaHTOp ompeienu] MHOXKeCTBO KakK
«eIMHOE UM JJIs COBOKYITHOCTH BCeX 00LeKTOB, 00Jafalo-
IMUX JaHHBIM CBOHCTBOM». ITH O0LEKTHI Ha3BaJ SJIeMeHTa-
MU MHOXKecTBa. MHOXXecTBO 00LEKTOB, 00JIafal0UX CBO-

crBoM A(x), obozuaunn {x|A(x)}. Ecnu HekoTOpOE MHOMXKeE-
cTBO Y = {xIA(x)}, 70 A(x) HasBaJ XapaKTepPHUCTHUECCKUM

CBOIICTBOM MHOKecTga Y.

Tak Kax Teopus MHOXECTB GAaKTHYECKH WMCIOJIL3YeTCs
KaK OCHOBAHIE U A3BIK BCEX COBPEMEHHBIX MATEeMATHUECKIX
Teopuii, B 1908 r. Teopus MHOMeCTB ObLIa AKCHOMATH3HPO-
BaHa HesaBrcKHMO Beprpanom Paccesnem u 3puacrom Ilepmeno.
B pansHeliem MHOTHE HCCIEAOBATEIN IIePECMATPHUBAIK U
M3MEHAIH o0e CHCTeMBI, B OCHOBHOM COXDAaHWUB WX XapaK-
Tep. [lo cuX IIOp OHHM Bce ellle U3BECTHBI KAK TEOPHs TUIOB
Paccesna u Teopus muo)xecTB Ilepmeso. B macrosiee spemsa
TeopuIo MHOKecTB KaHTOpa IpMHATO HA3KIBATH HAUBHOU
meopueti MHO¥cecma, a BHOBb IIOCTPOGHHYIO — aKCUOMA-
mudeckol meopueil MHONCECTE.

Ha cerogusamuuil geHr MHOKECTBO ompejesdercs Kak
MoJelb, yaoBieTBopsiomas akcuomam [lepmenro — Ppenke-
JIA ¢ aKcuoMoli BeiOopa. IIpm Takom nojxofe B HEKOTOPHIX
MaTeMaTHYEeCKUX TEOPHUAX BOBHHUKAIOT COBOKYIIHOCTH O0L-
€KTOB, KOTOpBI€ He ABJISIOTCA MHOMKecTBaMu. Taxkue coso-
KYITHOCTHA Ha3BIBAIOTCA KJaaccaMH (pasJIHdHbIX HOPALKOB).

Jdpyrasa yacTh AUCKpPeTHOH MaTeMaTHKKH — KOMOUHATO-
pHKa (BeTBb MaTeMaTUKH, M3YYAOUIad KOMOMHAIIMY B IIepe-
CTaHOBKH npeaMeToR) — BosHHKIA B X VII B, Jlonroe spems
Ka3aJIoCh, UTO KOMOMHATOPHKA JIEKHUT BHE OCHOBHOTO pycia
PasBUTHA MaTeMaTUKH U ee npuwiaoxenuit. I[TonoxeHne gen
Pe3KO U3MEHHUJIOCH II0Cjie IOABICHUS GBICTPORECTBYIOMMIX
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BEIUYMCINTENbHBIX MAHIMH U CBA3aHHOIO C 3THM paciseTa
KoHeuyHOIi MaTeMmaTuku. Ceiiuac xoMOMHATOpHEIE MeTOHBI
NIPUMEHSIOTCH B TEOPUH CIyJailHBIX IPOLECCOB, CTATUCTHKE,
MATEMAaTHUEeCKOM IIPOTrPAMMHDOBAHUM, BEIYMCIUTEILHOMN
MaTeMAaTHKe, IJTAaHHPOBAHUM 3KCIEPHUMEHTOB U T.A. B Ma-
TeMaTHKe KOMOMHATOPHKA MCIOJb3YeTCA DM M3YYECHHH
KOHEUHEIX TeoMeTpuii, KOMOMHATOPHOH reOMeTPUH, TeOpHN
IpeACTaBleHMi IPYII, HEACCOMATHBHEIX anrebp U T.X.

Ha pyccroM A3bIKe eCTh HECKOJIBKO KHUT, IOCBAMEHHBIX
kom6uHaTopuke: «Kom6unaropuka» M. Xomna (M., 1970),
«BBegenne B xKombunatopHsiii ananus» Jlx. Puopnana
(M., 1963), «IIpuknagHas KoMOMHATODPHAS MATEMATHKa»
(M., 1968). OTgenbHBEIM BOIpOCaM KOMOMHATOPUKHY IIOCBSA-
meHsl KHurn A.A. 3pikoBa «Teopusa KomeuHsIX rpadoB»
(HoBocubupck, 1969), @. Xapapu «Teopus rpados» (M.,
1973), T. Caatu «llemouncieHHbieé METOAB! ONTUMU3AIUY
K CBSA3aHHBIE C HUMH JKCTpeMalbHble mpobiaemsl» (M.,
1973) u gp. OxHAaKO Bce 3TH KHHTH NPeABABIAIOT BBICOKHE
TpeGoBaHMA K MaTeMaTH4ecKoil moprorosxe uutareis. Ilo-
NYJISpHEIE e KHUIU 00bIYHO OXBATEIBAIOT JINIIH HEMHOTHe
HayaJbHbIE CBEeAEHUS.

B 1969 r. 651114 ceaHa MONBITKA ONYJIAPHO U3JIOXKHUTD
HEeKOTOpEle Bompockl KoMOuHaTopukH («KombGuHaTopukas.
M., 1969). B ocHOBHOM KHUTa GBIIa IOCBAIIEHA BOIIPOCAM
mepeuncienuii. Takue BaxkHBIe pasfiesibi, KAK TEOPEMEI O
pasIMYHEIX U OOIIMX NpeJCTaBUTeNAX, Teopema Pamces,
metox Iloiia nepeuncireEus opbur u T.A., OCTANIHUCH BHE pa-
MOK KHurg. I103TOMy BO3HHKJA He0OXOAMMOCTE HAIIMCATb
HOBYIO KHHUTY, B KOTOPOil HapAjy C BOIPOCAMH [epeYnCiu-
TeJILHON KOMOMHATOPHKY OCBELTANNCH OBl M MHEIE CTOPOHKI
3TO¥ HaYKH.

Kom6uraTopuKa (KOMOMHATODHBIN aHANN3) — pasfgeln
MaTeMATHKY, U3y9aioluil AUCKpeTHbie 00beKThl, MHOMXKECTBa
(coueTanus, MepecTaHOBKH, PasMellleHUs M TepedrclIeHue
2JIeMeHTOB) ¥ OTHOIICHWA Ha HUX (HaIpuMep, YACTHYHOrO
nopaaka). Kom6uHaTopuKa CBA3aHA CO MHOIMMU APYrUMHU
06IaCTAME MaTeMaTHKH — aare6poil, reoMmeTpueii, Teopueit
BepOATHOCTEH U MMeeT MIMUPOKUIl CIEKTD NIPUMeHeHns, Ha-
npuMep B HHGOPMATHKE M CTATHCTHYECKOU (usmke.

TepMuH «KOMOUMHATODHKA» OBLI BBefeH B MaTeMaTHye-
ckuit o6uxoy Jleii6HUIEM, KoTOpEH B 1666 r. omy6iukoBa
cBo#l TpyA «Paccy:RaeHus o KOMOMHATOPHOM HCKYCCTBE».
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HHorpa nox xoM6uHATOPHKOI IOHMMAIOT 00Jiee OBIINpPHLIH
pasfels JUCKPeTHOH MaTeMaTuKH, BKIIOYAIOIIH, B Y4aCTHO-
CTH, TeopuIo rpacos.

KoM6uHaTopiKa 3aHMMaeTCA Pa3aMYHOrO BHA COeLUHe-
HUSMY, KOTOPhIEe MOKHO 00PA30BATE U3 2JIeMEHTOB KOHEYHO-
ro MHOecTBa. Hekoropsie aleMeHTE KOMOUHATOPUKY GBIIN
ussecTHe! B Unauu emne Bo II B. 7o H. 5. UHAWANBI yMean BbI-
YHCIATH YUCIA, KOTOPbIe cefYac HA3LIBAIOT «COUCTAHUAMMU» .
B XII B. Bxackapa BBIYHCJIAJ HEKOTOPEIE BUALI COUYETAHMIT
" nepecraHoBoK. IIpeanonararor, uTo WHAUIICKUE ydeHEBIE
U3y4Yald COeJUHEHNS B CBA3H C IPUMEHeHMNeM UX B IO3THKeE,
HayKe O CTPYKTYpe CTHXA U MO3THUECKHX IPOM3BEAEHUAX.
Hanpumep, B CBA3K C MOACYETOM BO3MOXMKHEIX COUeTAHUI
YAApPHBIX (Hoarnx) u 0e3yZapHBIX (KPAaTKHX) CJOTOB CTOIBI
u3 n cxoros. Kax. HayyHasd JUCUMIIAHA KOMGHHATOpHKA
cpopmuposanack B XVII B. B kuure «Teopus u npaktuxa
apupmeruru» (1656 r.) dpauuyscéxuit asrop A. Taxxke
MOCBSAIIAET COYETAHNAM U IeDPeCTaHOBKAM IEJIVIO TJIABY.

B. Ilackans B «TpakTare 06 apudMeTHUecKOM Tpey-
roasHEKe» B «Tpakrare 0 UMCIOBBIX mopsigkax» (1665 r.)
WU3JI0XKHUI ydeHNe 0 OMHOMUANBHBIX KoabHIuenTax.

II. Pepma 3HAN 0 CBA3SAX MaTeMaTHYECKUX KBaJPaTOB
¥ QUTYDHBIX UKCeJ C TeopHeil coegunennii. TepMuH «KoM-
OMHATOPHKA» CTAJ YHOTPEGIATHLCA Iocke ONyOIMKOBAHUSA
Jleit6uunem B 1665 r. paborel «PaccysxaeHnne o KoMOu-
HaTOPHOM HCKYCCTBE», B KOTOPOH BIIepBBEIE JAHO HAYYHOE
060CHOBaHNE TEOPUH COUETAHMIT U TepecTaAHOBOK. M3yuernem
pasMeliennil BrepBele 3aHuMascd S1. Bepuyanu Bo Bropoit
4acTH CBoel KHUTH «Ars conjectandi» («HMckyccTso npexy-
rageiBaHusy) B 1713 r. CoBpeMeHHAs CHMBOJINKA COYeTaHMIA
65171 Ipe/iIoKeHa Pa3HBIMY ABTOPAMH YUeOHALIX PYKOBOACTB
ToJasK0 B XIX B.

Bce pasnoo6pasue KoMOHHATOPHEIX GOPMY.JI MOKeT GBITH
BBIBEJIEHO M3 JBYX OCHOBHBIX YTBEDKAeHHH, Kacalolluxcs
KOHEYHBIX MHOXKECTB — IIPABMJIO CYMMBI ¥ IIPABHJIO IIPO-
U3BEJeHus.

IIpasuno cymmui: ecnm KOHeUHBIe MHOXKECTBA He Iepe-
CEKAaloTCs, TO YMCJIo aaeMeHToB X U Y {MiaH} pasHO cymMe
YucJa 3J1eMeHTOB MHOXKecTBa X M YHCJIA SJ€MEHTOB MHO-
XKeCTBa Y. T
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To ecTb, ecny HA ImepBoil moaxe cTouT X KHUT, a4 Ha
BTOPOi1 Y, To BEIGpATh KHHAI'Y U3 IepBOi MIX BTODPOii MOIKH
moxxkao X + Y cnocobamu.

PaccMoTpuM mpuMep 3ajavdn.

VueHNK NOMKeH BHINOJHUTH NPAKTHYECKYIO paGoTy mo
MaTteMaTHKe. EMy mpeAsioxuiiu Ha BeI60p 17 TeM 110 anrebpe
u 13 TeM no reomerpui. CKOJIBKKEMM CI0CO0aMH OH MOXKeET
BEIOPATDL OZHY TeMy AJA HPAKTHYeCKOH paboThi?

Pemenue; X =17, Y =13. ITo npasuiy cyMmer X U Y =
=17 +13 = 30 cnocobamu.

Ipyroit npumep. UMeeTca 5 GUIETOB AeHEXKHO-BeIeBOH
JorepeH, 6 6uneros cnoptiaoTo U 10 6UIETOB aBTOMOTOJIO-
teper. CKOJBKHMMH cI0cofaMu MOXKHO BbIOPATh OANH OnieT
M3 CIOPTJIOTO WJIM aBTOMOTOIOTepen?

PeireHre: Tak KaK JeHEKHO-BeIleBad JoTepes B BHIOoOpe
He yd4acTByeT, To Bcero 6 + 10 = 16 BapuHaHTOB.

IIpasuno npouseedenus: ecnu diaeMeHT X MOMKHO BEI-
opats k cocobamu, a 3neMenT Y — m cnocob6aMu, TO mapy
(X, Y) moxnuo0 BHIGpATH K - m cnocobamu.

To ecTh, eciii Ha NEepPBOH IMOJIKe CTOUT 5 KHUT, a Ha BTO-
poit 10, To BRIGpATH ORHY KHUTY C IepBO# IMOJKY M OAHY CO
BTODPOI MOxkHO 5 - 10 = 50 cnoco6amu.

Eme oxnsa npumMmep.

Iepemerank jo/KeH HepeniecTd 12 pasIMIHBIX KHUT B
KPACHBIH, 3eIeHBIH ¥ KOPUYHEBLIH nepenersl. CKOIbKUMU
crioco6aMu OH MOXKeT 9TO cAenars?

Pemenne: umeerca 12 xkuur u 3 nsera, 3HAYHT, IO
TIPaBUJy IpOM3BEAeHMs Bo3MOKHO 12 - 3= 36 BapmanTos
neperera.

OcHoBHbIe NOHATHA Teopun rpados

B 1859 r. ¥. 'aMuiabpTOH IPUAY-
man urpy <«Kpyrocsermoe myremie-
CTBHE», COCTOAINYI0 B OTHICKAHNU
TAKOro IyTH, MPOXOJAIIETo depes
BCe BepIIMHEI (rOpoAa, NTYHKTHI Ha-
3HaueHus) rpada, n3o0paskeHHOTo Ha
pHCYHKE, YTOGBI MMOCETUTH KAKAYIO
BepIIMHY OAHOKPATHO ¥ BO3BPATHUTH-
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caA B HcxoaHyio. Ilyru, obiajgalomire TaKMM CBOMCTBOM,
HA3bLIBAIOTCHA TAMUJILTOHOBBIMY IIMKJIAMHU.

3ajaua 0 raMMJILTOHOBBIX IMKJax B rpade moayuunia
pasauuable 00061eHndg. OgHo 13 aTUX 000OIIeHNIT — 3agaya
KOMMMBOSIKEpa, UMeouas psaj HpUMEeHeHUuHA B HCCIeno-
BaHUHK ONepanuil, B YACTHOCTH, IIPH PeIlleHUH HEKOTOPBIX
TPAHCIIOPTHBIX IIPOGIIEM.

HcTopuuecku CI0XKHUIOCH TaK, UTO Teopus rpados
3apoAmMiiach ABECTH ¢ JIMHUIHKM JIeT Hazald MMEHHO B Xoxe
pelIeHusi roJIoBoIoMOK. OueHb ZOJIrO OHAa HAXOAMJIACH B
CTOpPOHE OT I'JIABHBIX HAITPaBJIEeHUIl HCCIef0BaHNN yUEHBIX,
ObL7IA B IIaPCTBE MATEMATHUKH HA IOJOKEHHUH SONYIIKH, YbU
JapoBaHMSA PACKPELINCH B IOJHOM Mepe JHUIIb TOrJa, KOTAa
OHA OKazaJach B IeHTpe 00IIero BHUMaHUA.

IIepBasi paGora mo Teopum rpadoB, IPUHALIEKAINAS
W3BECTHOMY IBeHNapcKoMy MateMaTwmky JI. Oitmepy, mo-
asuiaack B 1736 r. Boasmioii BKJIAA B cHCTEMaTHYECKOe
pa3sBUTHUe MUCKPETHRIX MeToq0B 61 caenaH I'. JleiiGaueM
(muccepranmusa «KomOGuHaTOpHOE MCKyccTBO»), . Bepuyi-
au (padora «UckyceTBo mpexnosyoxeHuiis), JI. Sitrepom.
MosHO cuuTaTh, 4TO ¢ IMosBJeHUeM pabotr . Bepuysiu u
T'. JleitbEnna xoMOGuHATOPHEIE METOABI BBHIAEIHUIHNCH B ca-
MOCTOATENBHYIO YacTh MaTeMaTuku. B paborax JI. Oiinepa
0 pas30OHMeHUAM W KOMITOSHMLIUAM HATYPATIbHBIX YKCeJ Ha
caraeMele OBLIO TOJIOMKEHO HAYAJIO OAHOMY H3 OCHOBHEIX
METO/0B MepeducJIe s KOMOMHATOPHEIX KOHQUTypanui —
MeTOAy IPOU3BOAAIMNX QYHKIIHMA.

ToMUOK K PasBUTHIO TEOPH I'padoB IOJYYIIIA Ha pydeske
XIX n XX croserunii, Korja pesKo BO3POCIO UHMCIO paboT
B 00JIACTH TOIOJIOTMH ¥ KOMOMHATOPHKH, ¢ KOTODHIMU ee
CBA3BLIBAIOT caMble TeCHEBIe V3Bl poACTBa. I'padbl cramm uc-
MOJIL30BATHCA IIPH MIOCTPOSHUH CXEM 3JIEKTPUYECKHX lleneit
U MOJeKYJIApHBIX cxeM. Kak orjesnHas MareMaTndecKas
OUCIUIUIMHA Teopus rpadop ObiIa BHepBHIe IpeAcTaBIeHa
B pabote BeHrepckoro Maremaruxa II. Kermura B 30-e rr.
XX cronerusa. OH BuepBhIe BBEJ TepMUH «rpad». 'padamu
OBLIM HA3BAaHBI CXEMBI, COCTOAIIME U3 TOUYEK M COeAHHSI0-
X 3TH TOYKY OTPE3KOB NPAMBIX HJIHM KPHBEIX. Bosmpa-
[eHue MHTepeca K KOMOMHATOPHOMY aHAJNN3y OTHOCUTCH K
50-M rr. XX B. B ¢BA3H ¢ OYPHBIM PasBUTHEM KHUOEpHETUKY
¥ JUCKPETHON MaTeMATUKH YW IIMPOKMM HCIOJIL30BAHHEM
3JIeKTPOHHO-BRIUMCIMUTENLHON TeXHUMKH. B 3ToT mepuon
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AKTUBU3HPOBAJICA MHTEpEC K KJIACCHYECKUM AUCKPETHHIM
3amayam.

B nocneanee BpeMs rpadgbl ¥ CBA3AaHHBIE C HUMH METO-
OBl HCCJIEZOBAHUI OPraHMYECKH NPOHUS3LIBAIOT HA PA3HBIX
YPOBHAX €IBa JIX He BCIO COBpeMEeHHYI0 MaTeMaTHuKy. Teopus
rpa¢oB paccMaTpuBaeTCsd KaK OZHA U3 BeTBEU TOIOJOTHY;
HeMnocpeZCTBeHHOe OTHOLICHNE OHA MMeeT TaK:Ke K anrebpe
¥ Teopun uuced. 'padnr 3¢dheKTUBHO UCIIOAL3YVIOTCA B Te-
OpHHM IMJIAHMPOBAHUA ¥ YIpaABIEHUS, TEOPUH PACIUCAHUIL,
COL{MOJIOTHH, MATEMATHYECKOH JHHIBHCTHKE, SKOHOMUKe,
6uosorum, megumue, reorpaduu. lInpokoe npumMeHeHNE
HaxoZsT rpadbl B TAKKUX 00JIaCTAX, KAK [IPOrpaMMUpOBaHLe,
TeOpUsA KOHEUYHLIX aBTOMATOB, 3JEKTPOHHKA, B pelIeHUHN
BEPOATHOCTHBIX M KOMOMHATOPHBIX 3aJa4, HAXOMXKJECHHUU
MaKCHMMAaJIBbHOIO IIOTOKA B CeTH, KpaTuaiIero paccToOAHUI,
MaKCHMAaJLHOrO MMApPOCOYETAHUS, IPOBEPKM ILIAHAPHOCTH
rpada u ap. Kax ocoOviii KJjacc MOXKHO BBEIJEJIUTDH 3aJa4y
onTuMu3anuu Ha rpadax. Maremarudeckye pasBiiedeHUS
Y TOJIOBOJIOMKH TOXe SIBJIAIOTCA 9acThblo Teopuu rpados.
Teopus rpadoB GBICTPO pPa3BHBAETCA, HAXOTHUT BCE HOBEIE
MPUIOMKEHUA U JKAET MOJOABIX MCCIIeJOBaTEIeH.

, PopoHaualbHMKOM Teopuu rpad)0B NPUHATO CYUTATH
mareMatTuka JI. Oijepa. McTopHuio BOBHMKHOBEHHS 3TOH
TEOPHUY MOYKHO IIPOCJIEIUTH 110 MepeyCKe BeJNKOro YUeHOTO.
BoT nepeBoj JATHHCKOTO TEKCTA, KOTOPEIH B3AT M3 MHUCHEMA
dilnepa K UTAIBAHCKOMY MAaTeMAaTHKY U WH)XeHepy Mapu-
HOHM, OoTHIpasjeHHoro u3 Ilerep6ypra 13 mapra 1736 roga:
«Héxorma Mue ObLIa IpejJioiKeHa 3ajada o6 ocTpoBe, pac-
MOJIOKEeHHOM B ropojie Kenurcbepre u oKpyXeHHOM DEKOI,
yepes KOTOPYIO IMepPEKHHYTO ceMb MocToB. ChopalmBaercs,
MOMeT JIM KTO-HuOYIh HellpephIBHO O0OCHTH HX, IPOXOAsS
TOJILKO OJHAXMHI Yepes Kax el MocT. K TyT ke MHe GBLIO
cO06IIIeHO, YTO HUKTO eIlle /IO CHX IIOp He MOT 3TO IIPOJeJIaTh,
HO HUKTO ¥ He /[0KAa3aJ, YTO 3TO HeBO3MOKHO. Bonpoc aTor,
xoTd U GaHaJbHBIA, [IOKA3aJICA MHE, OJHAKO, JOCTOMHEIM
BHUMAHUA TeM, UTO JJIS ero pelieHnd HeAOCTATOYHEI HU r'eo-
MeTpHs, HU anrefpa, Hi KoMOHHATOPHOE UCKYCCTBO... [Tocne
JOJITMX pasMBINLICHUH A Halles JIETKoe IIPDaBUJIO, OCHOBAH-
HOe Ha BIoJIHe Y0eAUTeIbHOM A0Ka3aTeNbCTBe, C IOMOIILIO
KOTOPOT0 MOXXHO BO BCEX 3aJa4YaX TAKOTO POJa TOTYAC e
onpefeauTh, MOMKeT JIX GHITH COBepIIeH TaKkoil 06xof depes
KaKoe YIoJHO YMCJI0O ¥ KaK YTOAHO PaCIIOJIOKEHHEIX MOCTOB
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nan He MoxxeT. KeHurcbeprekue »Ke MOCTH PAcIOJIOMKeHBI
TaK, YTO X MOXKHO NMPEACTABUTH Ha CAEAYIOIIEM PHUCYHKe,
Ha xKoTopoM A u D 0603HaUeHEI OCTPoBa, a B u C — yacTu
KOHTHHEHTa, OTJeJIeHHBIe APYr OT APYyra PYKaBaMH DEeKH.
CeMb MocTOB 0Go3HauyeHk 6ykBamMu a, b, ¢, d, e, f, g».

CeMmb mocToB Kemurc6epra — OJMH U3 IEPBEIX pPe3yiib-
TaToB B TeopuM rpados, onybauKoBaH Jiijepom B 1736 r.

B XVI B. uepes pexy IIpereys, IpOTEKaBIIYIO II0 TOPOAY
Kenwnrcoepr (Kanuaunarpan), GRUIO MOCTPOEHO 7 MOCTOB,
KOTOpHIe CBASHIBAIM €& Gepera ¢ ABYMA OCTPOBAMH, PaCIO-
JOKEHHBIMU B 4epTe ropoja. PacCKasBIBaIOT, 4TO OJHAMIEI
OIVH W3 KUTeJeil ropoa CIPOCHUJI YV CBOETO Cocella, CMOMKeT
JI1 OH IIPOMTH IO BCEM MOCTAM TaK, UTOOBI HA KasKIOM H3
HUX IOGHIBATH JIMIIL OJUWH pa3 U BePHYTLCA K TOMY MeCTY,
OTKyZa Ha4yaJl IPOTYAKYy. JToil 3ajadyeil 3aMHTEPECOBAJINCH
MHOTITe, OJHAKO PEIIUTH ee HUKTO U3 JKHUTeJell ropoja Tak
M He CMOT.

B panpHeiiinem 3azaua MpUBJIeKasia BHUMaHUe YYeHBIX
pasHEIX cTpaH. Pemuth ee yaanocs B 1736 r. uzsecTHOMY
mBeiapckoMy MateMaTuKy JI. Ditaepy. 9Ty AaTy MOMKHO
CYUTATh F'OAOM 3apokAeHKA Teoprnu rpados. OH paspabora
dopmanu3zanuio 3TOH 3aa4YN ¥ KOKAa3all, YTO OHA He MMeeT
pellleHNs, a TakKe CyMeJ HANWTH OGImUiI MeToj pellleRus
moxo0HBIX 3amad. -
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Pemras sagauy o ceMu MocTax, Jiijiep IOCTYIIMJI CJIe-
aytomum obpasom. Toukamu B u C oH m3o6pasun Gepera
pexwr, Toukamu A u D — ocTpoBa, a IMHUAMH — MOCTEL.
B pesyapTaTe monydmiaach QuUrypa, uso0paskeHHass Ha pH-
cyake. Taxyio ¢urypy Haseisaior rpadom, rouku A, B, C, D
BepIIHHAaMH rpada, a JUHNY, COeAUHSIOIIHEe BepINUHEI, —
pebpamu rpada.

Jitnep MOACYUTAT YHUCIO AYT, HCXOAAIMMX K3 KaXKAOU
BepiiuHL rpada. U3 sepmny B, C, D uCXOAUT IO TPH AYTH,
4 U3 BepIINHEI A — AT Ayr. Bepmune rpada, U3 KOTOPBIX
BBIXOJHUT HEYETHOe YHMCJIO0 AYr, OH HasBaJ HEUETHHIMH, a
BEPINUHEI, U3 KOTOPHIX HCXOAUT YETHOE YUCJIO OYT, — YeT-
upimu. Kak BuHO, BCe BepHIMHLI faHHOTO rpada OKasaauch
HeYeTHHIMH.

Ha ympoieHHo# cxeme dacTe ropoga (rpade) mocram
COOTBETCTBYIOT JuHNM (pebpa rpada), a yacram ropoja —
TOYKM COe[MHeHUd JuHui (BepmiuHsl rpada). B xoxge pac-
cyxaeHuil Jiijlep NpUIIeN K CACAYIOIIUM BEIBOAAM:

e YKcJI0 HEeYeTHREIX BepIIMH (BepIINH, K KOTODHIM BEAET

HeueTHoe yucjao pebep) rpada moJIKHO ObITH YeTHO. He
~ .. MOXKET CyIIlecTBOBaTh rpad, KoTopkiil uMes GbI HeueTHOE

YHCJIO HEUYETHBIX BEPIIHH.
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e Ecau Bce BeplIuHEL Ipacda YeTHEIE, TO MOMKHO, HE OTDhI-
Bas KapaHgamia or Oymaru, HauepTuTh rpad, Ipu 5TOM
MOYKHO HaUMHATE ¢ JIF000# BepinuHE! rpada 1 3aBepIInTh
ero B ToOH Ke BepIIUHE.

e 'pad c Gosee ueM ABYMA HEUETHLIMM BepIIUHAMH He-
BO3MOXKHO HAYEPTHUTH OJHUM POCUEDPKOM.

T'pad xeumrcGeprcKux MOCTOB UMeJ UeThIpe HEJYeTHBHIe
BepIINHEI (T.€. Bce;), cjleoBaTeNbHO, HEBO3MOYKHO IIPOMTH II0
BCEM MOCTaM, He IpOXOAd HU II0 OJHOMY U3 HUX IBaKIBI.
Ero mo:xHO n306pasuTh ciaeayoum obpasom:

ITo moBoay OOHAPYKEHHOTO UM CIIocoOa pelaTh 3aJadu
nogobuoro pojsa Jitnep mucai: «ITO pellieHUe MO CBOEMY
XapakTepy, [o-BUANMOMY, MIMEeT MaJIO OTHOIIeHUS K MaTe-
MaTHuKe, U MHE HeIIOHSTHO, IIoUeMy cJIeAyeT CKopee OT MaTe-
MAaTHKA OKUIATH 3TOTO PeIlIeHNs, HeKeln OT KaKoro-Hubyan
IPYTOro 4enoBeKa, ubo 910 perleHue NOAKPEnIgeTcsa OJHIM
TOJIBKO PACCYKIEHNEM, U HeT HeoOXOAMMOCTH NIPHUBJIEKATh
IIJIsT HAXOXKAeHHUs 3TOr0 PellleHusi KaKue-JIu60 3aKOHEBI, CBOH-
CcTBeHHBbIe MaTeMaTtuke, MTak, s He 3Haw, KaxuM o0pasoM
TOJy4aeTes, YTO BOMPOCH], UMEIoIIe COBCEM MaJIO OTHOILe-
HUS K MaTeMaTHKe, CKOpee pagpellaloTcss MaTeMaTHKaMU,
yeM APYTUMHU».

Tax MOXXHO Jiu 000iiTH KeHurcbeprcKkue MOCThl, IPOXOAA
TOJBKO OJUH pPa3 yepesd KaXKIbId M3 3TUX MOCTOB?

O6ocHOBaHME BEIISTTPUBEASHHOTO IIPABHJIA MOYKHO HANTH
B nuckMe JI. Ditnepa K cBoeMy ApPYry OT 3 alpeJd TOTO Ke
roja.

MaTeMaTHK mOHCAJ, YTO MEpexol BO3MOXKEH, eCIH Ha
yYacTKe pasBeTBJIEHUS PeKM UMeeTcs He Gojee ABYX obxa-
crell, B KOTOpHIE BeJleT HeueTHoe YKUCIO MOCTOB. Jlaa Toro
4yTo6BI Ipole IpeAcTaBuTs cebe 3T0, 6yAeM CTHUpPAThH Ha
PUCYHKE yKe IpoiifiecHHbIe MOCTHI. JIerko IpoBepUTh, YTO
eCJ¥ MBI HAYHEM JBHUTAThCA B COOTBETCTBUM C IPaBUIaAMH
ditnepa, mepeceueM OJUH MOCT U COTPEM €ro, TO Ha PHCYH-
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Ke GyAer nzo0parkeH y4acToOK, Ijie OIATh nMeerca He Gosee
AByx obJacTeif, B KOTOphbIe BefeT HEeYETHOEe UKCJIO MOCTOB,
a IpH HAJINYMHK 06JIacTell ¢ HeYeTHHIM YHCJIOM MOCTOB MBI
OyneM pacrojararbcst B ogHoOH u3 Hux. Ilpogomxkas asu-
raTeCs Tak fgajee, IpoiifieM depes BCe MOCTEL 10 OJHOMY
pasy. Ha xapre craporo KeunrcGepra Ol elfe 0ZHH MOCT,
NOSIBUBIIMICSA IyTh I03JKe, U COeUHABHINN ocTpoB JloMm3e
¢ 102KHOH cropoHOii. CEoeMy IOSABJIEHUIO 3TOT MOCT 00A3aH
camoil 3aiaue Jiinepa—KanTta. A mpousoImIO 3TO BOT KaK.
Kaiizep (uMmepaTop) Busbrensm ciiaBuics cBoeil IpAMOTON,
IIPOCTOTON MBIIIJIEHUS M COJNJATCKOH «HERATEKOCTRhIO».
OpHaskJbl, HAXO[ACh HA CBETCKOM payTe, OH YyTh He CTaJ
JKEPTBOH IITYTKHM, KOTOPYIO C HIM PEIINJIN CHIrPATh YICHBIE
VMBI, IPACYTCTBOBaBLINE Ha npueme. OHM OKA3anu Kaiize-
py xapry Kenurcbepra v monpocHIy monpoboBaTh PEMINTh
3Ty SHAMEHUTYIO 3ajady, KOTopas IO OIlpejesieHMIo ObLia
HepemmaeMoii. Ko BceobiieMy yAMBIEHNIO, Kafisep HOIPOCHI
mepo # Jguct GyMmMard, CKasap, 9TO PEIINT 3aAavyy 3a IOJITO-
pbl MUHYTEL. OlIeIOMIeHHBIA HeMEI KNl HCTeONUIIIMEHT He
MOT' IOBEPUTH CBOHUM YILIaM, HO OyMary u 4epHua OBICTPO
Hanu. Kaiisep IoJIoMKHJI JIMCTOK Ha CTOJI, B3I IIepo U Ha-
nucai: «IIpukaspiBaio MOCTPOUTE BOCHBMOM MOCT Ha OCTpPOBE
Jlomse». Tak B KenurcOepre 1 mosABUICSA HOBBIA MOCT, KOTO-
pBI Tak U HasBaju — MocT Kaiizepa. A 3ajlauy ¢ BOCEMBIO
MOCTAMH Teleph MOT' PELIUTh Jake peOeHOK.

3ajgaua 0 KeHUrcOeprcKMX MOCTax M IoJoOHBIe el 3a-
Jauyy BMeECTe C COBOKYIHOCTBIO METOJOB HX HCCICAOBAHHUSA
COCTaBJAIOT OYEHH BAYKHEIN B HNPAKTHYECKOM OTHOILIEHUH
pasaeJl MaTeMaTuKY, HassIBaeMEI Teopueii rpados. Kpome
Oditnepa Hag rpadamm paboranmu II. Kemur (1774-1833),
V. T'amunsron (1805—1865), u3 coBpeMeHHEIX MaTeMaTH-
koB — K. Bep:x, O. Ope, A. 3bIKOB.

B Hacrosee BpeMs ¢ MCIOJB30BaHNEM Teopuu rpadoB
pemaroTcsa MHOrve szagadu. He ToIbKO B MaTeMaTHKe, HO U
B nHdopMaTKe, GU3NKE, XMMUH IPH PEIeHNH HeOOX0qUMO
HATJISAAHO MPEACTABUTH KAKYIO-THGO CTPYKTYDY, M 37ecCh
He3aMeHHMBIM fABJIseTCA rpad.

Hanpumep, B Teopuy MHGOPMAIVH ABOHMUHBIE AePEBbSI
UrpaloT BechbMa BajKHYIO poJib. IIpeAmosno:KuM, 4TO ompe-
IeJleHHOe YHUCJI0 coolIIeHuil TpeOyeTcs 3aKO[UpPOBATH B
BHJl¢ KOHEYHBIX MOCIEJOBATEIBHOCTEH PA3JIHUYHON AJIUHEI,
COCTOAIINX U3 Hynell 1 exuuni. Eciy BepoaTHOCTH KOAOBBIX
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CJIOB 3aJaHbl, TO HAUJYYIIIHM CUHUTAETCA KO4, B KOTOPDOM

CpelHAs JAJUHA CJIOB MHUHMMAJLHA II0 CPABHEHUIO C IIPOYH-
MU pachpejeieHNsIMHA BEPOATHOCTH. 3ajady O NOCTPOEHHU
TAKOr'0 ONTUMAJBHOIO KOJA II03BOJAET PEIIUTh AJITOPHTM
Xaddmana.

JlBoMuHEBIE KOJOBBIE AEPEBbS JONYCKAIOT NHTEPIPETAINIO
B PaMKaxX TeOpHUH momckKa. Kakxoil BeplIWHe IIDU 3TOM CO-
[OCTABJIAETCA BOIIPOC, OTBETUTH HA KOTODBI MOXKHO Jubo
«Ja», aubo «He®>. YTBEepAUTEAbHOMY WM OTPHUIATEIBHOMY
OTBETY COOTBETCTBYIOT JBa pedpa, BHIXOANINE U3 BEPIUIUHEL.
«Ompoc» 3aBeplaeTcsa, KOrja yAaeTcsd YCTAHOBUTH TO, 4TO
Tpe6oBAIOCH.

Takum 06pa3oM, ecad KOMY-TO MOHANOOUTCA B3ATH HH-
TEPBBIO Yy PA3INYHEBIX JIOJEH 1 OTBET Ha ouepeJHOH BOMPOC
OyZaer 3aBHUCETH OT 3apaHee HEM3BECTHOI'O OTBETA HA NPEABIAY-
Ui BOIIPOC, TO ILIAH TAKOTO HHTEPBHIO MOKHO IIPEACTAaBUTH
B BHJle IBOUMYHOI'0 JepeBa.

Kax m3BecTHO, B XMMHUHU CTPYKTYDa MOJIEKYJI U300paka-
eTcda B Buje pemerku — rpada. Eme A. Kaau paccmorpern
337249y O BO3MOMKHBIX CTPYKTYPaxX HACHIMIEHHHIX (Mau npe-
IeabHEBIX) yraesogopoxos. Illornannckuit xuMuk A. Bpayn B
1864 r. epBEIM NPeAJIOMKHII MCHOJIb30BATh «'PaPUIECKYIO»
HOTALMIO IJIA PHCOBAHUS MOJIeKYJ, KoTopasd GLICTpO HOJIy-
YA PACIPOCTPAHEHNE U SABJIAETCA CETOAHSA O0IEeTPAHATON.
Hanpumep, CMOTpHTE HA PUCYHKe MOJEKYJIY:

IlepeBba UrpaioT GONBIIYIO PO B GHOJOTHMYECKOIl Teo-
PHH BeTBAIIUXCS IIpONECcCcoB. [JIf MpOCTOTH MBI PACCMOTPUM
TOJBKO OLHY PASHOBUJHOCTL BETBAIIUXCSA NPOIECCOB — Das-
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MHOXxceHHe 6axTepuii. [IpeanososxuM, 4To Yepes onpexeseH-
HbII IPOMEXKYTOK BpEMeHH KasKAas 6axTepus Jubo JeanTca
Ha ABe HOBHIe, 00 morubaer. Torga AaA MOTOMCTBA OLHOIT
6axTepun Msl IONYYUM ABOUYHOE JepeBo.

Hac 6yaer nHTepecoBaTs JUIINE OAMH BOIIPOC: B CKOJBKUX
cly4dasfx n-e NOKoJIeHHe OJHOH GaKTepUM HACIUTHLIBAET POBHO
k moromkoB? PexyppenTHOe cooTHoleHHe, 0603HaUaIOIMee
YHCJIO HeOOXOAMMEIX CJIVYAeB, M3BECTHO B OMONOrHMH IOA
HasBaHNeM nponecca ['anpToHa—BarcoHa. Ero moxHO pac-
CMaTpHUBaTh KAK YaCTHBIH cay4dail MHOTUX 06mnx ¢dopMy.I.

Eme vepapHo ogHOM 13 HauboJjee CI0MHELIX ¥ YTOMUTEND-
HBIX 33ja4 AJA paamoiiobureneil 65110 KOHCTPYyMpOBaHUe
medaTHEIX cxeM. IlewaTHoii cxeMoli Ha3HIBAIOT IUIACTHHKY
M3 KaKoro-Iubo AuaIeKTpUKa (M30IUPYIOINEr0 MaTepHaa),
Ha KOTOpOH B BHAE METAJUIMYECKHUX IIOJOCOK BRITPABJIEHLI
nopoxku. IlepecekaTbca JOPOMKKH MOLYT TOJBLKO B OIpe-
JeJIeHHEIX TOYKaX, KyJa YCTaHABIMBAIOTCA HeoGxXoxMMble
3JIeMeHTH (IMOABI, TPHOABI, PE3UCTOPRI U AP.), HX Mepece-
YeHHe B JPYIMX MeCTaxX BEIBOBET 3aMEIKaHKE 3JIeKTPAYECKO
neny. B xozne pemenus 3Toil 3aa4u HeoOXOXHUMO BLIUEPTUTE
NJI0CKUH rpad ¢ BepUIMHAMH B YKa3aHHEIX TOYKAX.

C sapoxaerueM Teopuu rpados CBA3aHA eme OXHA
JpeBHsiA 33/]a494 — O HIAXMATHOM KOHE, KOTODPBIH AOJKeH
IIPOUTH depe3 BCe KJIETKH ROCKY, He T0ObIBAB HU HA OZHOM
aBaxcanl. IlepBasa mybnmkanus, manaraiomad CHCTEMATH-
JecKUil MOAXOA K IIOMCKY PelIeHHH 3afa4d O IMTaXMAaTHOM
KOHe, IpHHaIJIeXala epy Jilyiepa u yBugeaa ceer B 1766 r.

FYrF
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Mexnay sagadamm o mocTax KenurcGepra ¥ maxmMaTHOM
KOHe eCTh MPUHIUIIMAILHOE Pasju4ue: B IepBoi Tpebyercs
eAUHOM B! 000iiTH Bce pebpa rpada, Torza Kax BO BTOPO
TpebyeTcs eJUHOMKILI IOCETUTh BCe BepHIMHEI. Biaromaps
9TOMY paBINUHIO, MCCIEeJOBAHUS PASHBIX ACIEKTOB HOBOU
TEOPHH J0JIN0e BpeMs IMPOTeKaTIH He3aBUCUMO JpYT OT APYTa.

Eme oaHa m3 HaumboJiee M3BECTHBIX 3aJad — 3ajgaya

KOMMUBOSKEPA. ;

Ona 3aKJjIouaeTcd B TOM, 4ToOBI 000HTH BCce ropoja IO
OXHOMY pasy, Ipoia MUHNMAaTbHOe paccrosnue. [IpuseneM
peluenye aTo#t sagauu. [opoxa obosHauuMm Oyksamu A, B,
C, D. Hauasno oyt — TouKa A. [{TMHEI OTPE3KOB 3AIIUIIIEM
B BUJe TabJIUIEL.

CxeMarndecku M306pasyM BO3MOXKHBIE MapIIPYTHI.
Bo3MOKHBIX LUKINYeCKUX MapiipyToB mrects: ABCDA,
ACDBA, ADBCA, ACBDA, ABDCA, ADCBA. Ho AnuHBL
MOCJIeJHAX TpeX — [OBTOPEHWe NMpeABIAYINHUX. Brruncaum
IJVHB OTIAYHBIX MapUIpyTOB:

ABCDA=11+6+10+17=44;

ACDBA=13+10+9+11=43;

ADBCA=17+9+6+13=45.

Kparuafinmmu asisores Mapuipytst ACDBA u ABDCA.

Cc

A|lBjJC|D

B A| 0|11 |13} 17
B|11f{ 0| 6|9
cC 13| 64| 0|10
D{17| 9 (10| O

D .

Teopusa rpadoB HaxXOAUT IPUMeHEHHE, Hanpumep, B
reonH(popmanuonnrrx cucremax (CHC). Cymecrsyromue
UM BHOBBb IIPOEKTHPYEMEIE IOMa, COOPYXKeHHUs, KBapTaJbl
¥ T.N. PACCMATDPHUBAIOTCA KaK BEPHIMHEI, & COSAUHSAIONINE
UX [OpOT'H, MHYKEeHEePHBIe CeTH, JUHUHU dJIEKTpoIepefadn 1
T. . — Kak pebpa. IIpuMeHeHe PasaUYHBIX BEIYNCICHUH,
OPOM3BOAUMEIX Ha TakoM rpade, nospoiser, Hampumep,
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HaliTu KpaTHaimuil 00 be3 HON NyTh WiaKn 6amskaiinmii mpo-
JAVKTOBBII MarasuH, CIUIAHUPOBATE ONTUMAILHEIR MapUIPYT.

Hrax, U3 Bcero BBIIIECKABAHHOTO HEOIPOBEPIKHMO CJIe-
JAyeT mpaKTudYecKas IeHHOCTh TEOPHHM MHOXKECTB M TEOPHUU
rpagos.

OcHOBbI MaTeMaTHYeCKOW NOrUKH.
bynesa anre6pa

Anrebpa MHOXKECTB ABJAETCA TOAPA3AEIOM GyIAEBBIX
anre6p, BIepBble BOSHUKIINX B Tpyxax J»xopaxa Byas
(1815—1864). Itor aHrIUHACKUI MATEMATUK U JOTHK SBJIA-
eTCH OCHOBOIOJIOMKHUKOM MaTeMATHYECKOH JIOPMKY U ajre-
OpEI JIOTHKY, KOTOpPYI0 u3J0Xun B kuure «Hcciaegosanue
3aKOHOB MblineHus» (1854). AnreOpa Joruku — cucreMma
anrebpadyecKUX METOJOB DEINeHUs JOTMYECKUX 3aJady U
COBOKYIIHOCTH TAKHX 3324, B Y3KOM CMBICJe — TaGaudHoe,
MaTpU4YHOe IIOCTPOEeHUE JIOTMKH BBICKASHIBAHUU, ompene-
JAoINee JIOTMYECKHe ollepaluy Hajg HUMH. B akcmoMax
OyneBoii anre0phl OoTpaskeHa AHANOTUS MEXIY HOHATHUIMHU
«MHOJKECTBa», «COOBITHE» M «BLICKA3bIBAHUS» . JIOTHUecKIe
BBICKA3bIBAaHUA MOJKHO 3allHCATH C IHOMOUILI0O MHOMKECTB U
IPOAHANHU3UPOBATE C IOMOMHIBLIO OYJIeBOH ainre0ps.
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PA3LEN 4

OCHOBHbIE MOHATIAA W METONbI TEOpUM
BE[IOATHOCTEU W MATEMATUYECKOI CTATHCTIIKM

Tema 4.1. OcHOBbI TEOPUN BEPOATHOCTEIA.
Teopembl CROXEHUA U YMHOXEHUA BEPOATHOCTEA

O) TepMunbl

—

¢ Teopua BepoOATHOCTH ¢ IIpoTrBOIIONIOKHEBIE COOBITHSA
* BepoaTHOCTS o PaBHOBepOATHRIE COOLITHS

¢ BraronpuATHEINA ncxoy  * PaBHOBO3MOMKHEIEe COBLITHSA
e @opMysa BEPOATHOCTH » 3aBHCHMBIe COOLITHSA

e Cnyuaiinoe coGriTHE ¢ HesasucuMeie coGuITHA
¢ JlocToBepHOE COGLITHE * Teopema ci0:KeHUS BepOATHOCTEH
o Hepo3MosxHOe cOOBITHE e Teopema ymMHOXeHUS BEpOATHO-

o HecoBMecTHEIE COOLITHS creit
' o 3aKOH GOJBUINX YHUCEN

WcTopuuyeckue ceeenunn

DyHjaMeHT TEOPDHU BEPOATHOCTH 3aN0XKuiaun A. Myasp
(1667—1754), 51. Beprymnu (1654—1705), I1. Nannac (1749—
1827) Ha ocHOBe OTAEABHBIX AocTHxeHuit XVII-XVIII Bs.

IlepBoit mybnuxanueit mo Teopuu BepoaTHocTell B Poccun
6e1na pabora [I. Bepuymnu (1700—-1782) «OnbiT HOBOlL Teo-
pHH 0 Mepe XKpebus», ony6ankosaraad B 1738 r. B nmartom
ToMe «3anucox Mueparopckoit AKafieMIM HAYK».

IlepBoii poccuiickoil guccepTanueil 10 TEOPHH BePOST-
HocTe#l 6nl1a Marmcrepckas auccepranus I1.JI. Ye6rmesa
(1821—-1894) «OnwiT 3/1eMEHTAPHOTO aHANM3A TEODHH Be-
poATHOCTel », BHIIOJHEHHAA M0 IPEAIOKEHUI0 Hpodeccopa
H.[. BpamMana (1796—1866) Ha dusuKo-MareMaTHIecKOM
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daxynsrere MOCKOBCKOrO yHMBepcuTeTa B 1845 r. n samu-
meHHasa B 1846 r.

A mepBBIif KypC JIeKIHAH 0[O TEOPHH BEPOATHOCTEH B
MockoBckoM yHuBepcuTeTe ObLI mpouutaH B 1850 r. mpo-
tdeccopom A.IO. TasupoBrim (1823—1886).

B aro e Bpema B CanxT-IlerepGypre Teopmeit Bepo-
ATHOCTEH M MATeMaTHYecKOM CTATHCTHKOH 3aHUMAIOTCH
axkagemMux M.B. Octporpaackuii (1801—1861) n akageMux
B.51. Bynaxosckuii (1804—1889), xoTopblil 3a€eT epBoIi
pycckmil yue6HUK «OCHOBAHHUS MAaTEMATHYECKON TEOPHHU
BeposATHOCTel» (1846).

C 1847 r. IL.JI. YeOrinlep HaUMHAET HNPENOAABATEL B
Cankr-Ilerepbyprckom yuusepcutere. C 1860 r. x memy
nepexozur ot B.f. BYHAKOBCKOTO KypC TEOPUH BEPOSATHO-
cTeil, YTO CTAJI0 JOIOJHUTEIBHHIM CTHMYJIOM JJIA ero pas-
MBIILIeHNH B 3T0H o6macTu. CoGCTBEeHHO, ¢ 3TOro BpeMeHH: U
NPOHCXORUT 3aporkAeHue «IlerepOyprckoii IMKOMBIY TEOPHH
BEPOATHOCTEM, IPOCJIABJIEHHON BEIAAIOIIUMHUCA paboTamMu
axageMuroB I1.JI. YeGrimera (1821—-1894), A.A. Mapxosa
(1856—1922), A.M. JIanynosa (1857—1918). Hs6panusie
TPYAbl BTUX Y4YeHBIX BBIILIM B CBeT B cepuu «Kiaccuknm
HayKH U TexHuku» Wsx-sa AH CCCP.

C 1907 mo 1933 r. B XappkoBe paGoTraj akKafleMHK
C.H. Bepuiureiin (1880—1968), KoTOpLIil He TOIBLKO 3HAYH-
TeJILHO NPOABUHYJI HCcIeoBaHNA [IeTepOypreKoil KoLl 110
IIpeAeJILHBIM TEOPEMaM TEOPHH BEPOSITHOCTEH, HO M 3aHAJICA
BOIIPOCAMH JIOTHYECKOr0 000CHOBAHUA camoit Teopud («OnsIT
aKCHOMATUYECKOT0 060CHOBAHHUS TEOPHM BeposTHOCTEH»).

Hagano cCOBpeMEeHHOTO NEPUOJa B PASBUTHY TEODUH Be-
poaTHOCTE!T B MOCKOBCKOM YHHBEpCHTETE GBLIO IOJIOMKEHO
paboramu A.fI. Xunuwnna (1894—1959) mo 3akoHy HOBTOPHO-
ro gorapudma (1923, 1924), E.E. Caynroro (1880—1948) no
TeopuH cirydaiiHbIX GyHKnui (1925) u paboroit A.f. Xunun-
Ha # A.H. Koamoropora (1903—1987) «O cxoaumocTu psafoB,
YJIeHBI KOTOPBIX OIIPEAENIAIOTCA CAyIaeM», ONyOJIHKOBAHHON
B 1925 r. (ma HemernkoM sAseike). B 1926 r. A.A. Xununn
TIPOUNTAJ NEPBHIA B HCTOpUH MOCKOBCKOrO YHHBEpPCHUTETA
CHellNafbHBIMH KYpC II0 T€ODHH BEpPOATHOCTEH, ciayliaTe-
aaMu xotoporo Obuin A.H. Koamoropos, H.B. CmupHoB
(1900—-1966), B.!A. I'nuBenko (1897—-1940).
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TeopeTHKO-MHOKeCTBEeHHBIA IOAX0J K NpobieMaM
TEOpUM BepOATHOCTeli, 3apojUBUIMiiCA B Hexpax JlysuH-
CKOIl MaTeMaTHYECKOH IKOJBI M ¢ YCIEXOM NPUMEHEHHBIH
A.f. Xuguyuarim ¥ A.H. KoaMoropoBsiM, 0Ka3ajICa CTOJb
ILIOJOTBOPHBIM, UTO, IIO CYILIECTBY, MMEHHO HA HEM U OCHO-
BaHA BCsI COBpEMEHHAs TeOPUS BepoATHOCTEM.

B 1933 r. B MOCKOBCKOM YHHBEPCHUTETE OPraHHU3yeTcsd
MeXaHUKO-MaTeMaTudeckuil GpaxynbTeT, B COCTaBe KOTOPOTO
B 1935 r. 6p1na o6pdzoBana Kadeapa TeopuH BePOATHOCTEH,
CcTaBmIaf OZHUM U3 OCHOBHBIX II€HTPOB IO NOATOTOBKE
CIeIMaNUCTOB ¥ HAYYHBIM HCCIeOBAHMAM B 00JIaCTH TEOPUH
BEpOSTHOCTEH X MaTeMaTU4eCKOl CTaATUCTUKY B Halle cTpa-
He. MHOIr#e MOKOJEHHUS COBETCKHX M POCCHICKMX YYeHBIX
B 3TOiH 06JacTH HAYKH CUMTAIOT ce0sA HemocpeACTBEeHHLIMU
nuToMIaMu atoil kadenpni. Ilepsriit saBexyromuii Kade-
apoit A.H. KonmMoropos pykosozun Kadeapoi ¢ 1935 mo
1966 r., ¢ 1966 mo 1995 r. e saBepoBan B.B. I'iegenko
(1912—-1995). B cenrs6pe 1996 r. saBeaynomuM Kadenpoi
teopuu BepoaTHocTeil n3bpan A.H. Illupsaes (poxa. 1934 r.).

00 OCHOBHEIX HAYYHBIX JOCTIIKEeHNAX MOCKOBCKOI ITKO-
JIBI TEOPUH BEPOATHOCTEH ¥ KadeApEl TEOPUY BePOATHOCTER
MOCKOBCKOTO VHHBEPCHTETa HMeeTCA AOCTATOYHOE UYMCIO
my6IuKanmit 0630pHOro XapakTepa, B KOTOPBIX MOXKHO HAWTH
JeTarbHOe U3JI0MKEeHNe MHOI'MX HayUHERIX pe3yJIbTATOB.

.

OCHOBHbIE NOHATUA

Knaccuveckoe onpegeneHue BepoATHOCTH

Teopusa BepOATHOCTEN — pasjesl MaTeMaTUKH, B KOTO-
POM TIO JaHHBIM BEPOATHOCTAM OJHUX CIYYalHBIX COOBITHH
HAXOJAT BEPOATHOCTH APYI'UX COOBITUH, CBA3AHHEIX KOJIAYE-
CTBEHHBIM 00pa3oM ¢ ImepBbiMHu. Teopud BepOATHOCTeH U3y-
YyaeT TaKKe cIydaiiHble BeJIUYMHE ¥ CIydaifHble IPOLeCChl.
OjHA U3 OCHOBHELIX 3aJla¥ TEOPUHE BEPOATHOCTH COCTOUT B
BRIICHeHUH 3aKOHOMEpHOCTeH, BOSHUKAIOIIKUX IIPHA B3aMO-
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JeiicTBUH GOJIBIIOro YKCIa CaydaiHRIX paxTopos. MareMa-
TUYEeCKUIl anmapar TeOPUM BePOATHOCTH UCTIONb3YeTCHA IpPH
M3yYEeHUY MACCOBBIX ABJIeHUH B HaYKe U TeXHuKe. MeTojsl
TEOPHH BEPOATHOCTH HIPAIOT BAXKHYIO POJb Ipu o6paboTke
CTaTUCTHYECKUX NAHHBIX.

Teopusi BepoATHOCTU — HAYKa, H3yYalolUias 3aKOHBI,
YIpPaBAAIOIINE CIYIAHHLIMH ABJICHNAMH.

IIpumepsl caydyafHEIX SABIEHHH:

— OpocaeM MOHETY, HeJlb3s YTBEDKAATh, KaK OHA YIaJer:

repOOM HMJIH PEINKOI;

— BBIHMMAaeM KapTy U3 KOJOJbI, HeJb3:d CKa3aTh, KaKoi

oHa OyAeT MacTH;

— KoJu4decTBO 3a6pakosanubIx uszgennii OTK Ha 3asoje.

OTH NpHYMepHI OTHOCATCA K 00JacTH CAYJYaMHEIX ABJe-
Bni. Cay4ailHBIM COGEITHEM (MJIM IIPOCTO «COGBITHEM»)
HA3BLIBAETCA BCAKMHA (axT, KOTOpBIA B pe3yjLTaTe OIBITA
MOJKeT IIPOU30UTH MaM He npousoiitu. Hanpumep, B onbite
«GpocaHNe MOHETHI» MOXKeT IIPOU30HUTH (a MOKeT 1 He IIpo-
u30iity) cobbrTre A — «BEIpa)KeHHUe repbas. -

»Teopusa BEPOATHOCTH IO3BOJIAET HAM HU3MEPATH KOJIU-
YeCTBEHHO CTelleHb «NpaBAonofobua» (UM BepoATHOCTHU)
pasaUYHBIX COOBITHH. cHO, YTO He BCe ciIydaiiHbie COOBITHA
OJMHAKOBO BEpPOATHHI, UTO CPeAU HUX OLIBAIOT Gojiee MM
MeHee BeposaTHble. Hanpumep, onbIT «Gpocanue UrparbHoil
xoctr». Kakoe cobpITiie B 3TOM OIbiTe GoJIee BepOATHO?

A — «BbImajieHWE UIeCTH OYKOB»;

B — «BpImaieHNe YeTHOTO YHCJIA OYKOB». »

Co0ObITHe MOXKET OBITH MaJIOBEPOATHLIM, HO BO3MOMKHBIM.
Hanpumep, B xuure 500 cTpaHMIl, Ha KaKoi-iubo U3 HUX
HanedaTaHa ¢opMmysa. PacKphIB KHUI'Y Hayrall, MaJOBepo-
ATHO, YTO MBI HATKHEMCA Ha GopMyIy.

BeposarHOCTE — KOJIMYeCTBEHHAA OLIEHKA BO3MOYKHOCTH
NOABJEeHUA AAHHOTO CIydYailHOro coObITHSA. BepoATHOCTH
BO3HUKHOBEHUS CIYIAHHOIO COOBITHSA €CTh OTHOIIIEHIE YHCIIA
0IarOTPUATHEIX UCXOJ0B K 06INeMy YHiCIy PABHOBO3MOMKHEIX
HACXOMOB.

m .
P=—, rpe P — BepoATHOCTH AAHHOIO CIYy4ailHOTO CO-
n

6LITI/IH, m — KOJIHUYeCTBO GJIaFOHpHHTHBIX UCXO0J0B ANA

\
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IaHHOTO COOBITHSA, N — 00IIee YUCI0 UCXOAOB AJIA NAHHOIO
coOBITHA. DTy GOPMYJy HA3LIBAIOT KJIACCHUECKHM OIIpefie-
JIeHeM BepPOATHOCTH.

O[HAKO 3TO OIpelejieHUe BeChbMa HEITOJHO, YTO MOMKET
MOATBEPAUTE MPOCTOi puMep.

IlapaiiTe mocynuTaeM BePOATHOCTH TOTO, YTO NPH opoca-
HUM ABYX WUTPaAJbHBLIX KOCTell 1o KpaiHe#d Mepe Ha ofHON
BeImazeT 6. OUeBUIHOZ UTO KaXkAas KOCTh MOXKET BHINACTD
[IECTHIO PABINMYHLIMU criocofaMu. Yncno BceX BOZMOMKHBIX
ciryuaeB paBHO 6 « 6 = 36; urcI0 6IArOIPUATCTBYIOLIUX CIY-
vaes pasno 11 (6—1, 6—2, 6—3, 6—4, 6—5, 6—6, 5-6, 4-6,
3—6, 2—6, 1—6). Takum 06pasoM, BEPOATHOCTH PaBHA 11/36.
Mzl 3HaeM, 9TO 3TO IPaBUILHOE PellleHKE.

Ho BeZbh MOMHO paccy’XKjaTh ¥ Ho-gpyromy. ducaa od-
KOB, BBIIIABIINE HA 06€UX KOCTAX, MOTYT 06pa30BaTs 6 « 7/2=
=21 pasnuyHLIX KOMGUHANUA. 6 U3 HUX GIArONPUATCTBYIO-
mue (6—6, 6—5, 6—4, 6—3, 6—2, 6—1). BepoaTzocrs paBHa
6/21. DroT pesyJLTAT SIBHO OTJIMYAETCA OT IPeAsIAYINero.
OzxHaKo, IOJb3YACH HAIIUM OIIpeieIeHUeM, MbL He CMOXKeM
HalTH OIIHOKY.

TakuM 06pa3oM, HPHUAETCH AONOJHHUTL ONpeAeleHUe:
BEPOSATHOCTh — BTO OTHOLIEHKE YHCJIa CIydaes, biarompu-
STCTBYIOIIUX H3yYaeMOMY COOBITHIO, K IIOJHOMY YHCIY
BO3MOXKHEIX CIy4aeB, IPH YCJIOBHH, UTO 3THU CIydYad DaB-
HOBEPOATHEI.

Enuauna usMepeHus B TeOPUH BEPOATHOCTH — BEpOAT-
HOCTbH AOCTOBEPHOIC COOBITHSA.

JlocToBepHBIM Ha3HIBAaeTCH TaKoe COGBITHE, KOTOpPOe B
IaHHOM OIIEITe HEIpeMeHHO mpousoiiger. Hampumep, «BbI-
nafeHue He Gollee IECTH OYKOB IPM GPOCAHUM UTPATbHOH
KOCTH» — JOCTOBEpHOe COoORITHe.

HeBo3MoKHBIM HashbIBaeTCA COOBITHE, KOTOPOE B JAHHOM
OIBITE BOBCE He MOKeT nponsoittu. Hanmpumep, «BHIOAAEHNE
OTPULATEIHLHOTO YMCJIA OYKOB IpM GPOCAHMM HUrpaIbHOM
KOCTH». .

BepoATHOCTE HOCTOBEPHOTO COOBITHA = 1, BEPOSATHOCTH
HEBOBMOKHOTO co6nITHA = 0.

BeposTHOCTE Cydaitnoro cobsrtus A oGosnauaercs P(A),
smaqur, 0 < P (4) < 1.
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BepoarHocTs m1060r0 COGLITHA A MOMKeT 6BITH MOACTH-
TaHa KaK OTHOIIEHWEe YHCia CIydaeB, GIaronpUATHRIX CO-
6bITHIO A, K 06IIEMY YMCIy CIyJaesn.

PA)=m A/n, rAe n — oblljee YUCJIO CIYIaes; m, — YHUCJIO
cnydaeB, GrarompuATHEIX co6eiTHIO A (of6ecmedmBaronmimx
ero nosiBJeHHe). -

PacemoTpum npumep.

B amuxe — 20 mapoBs, u3 Hux 9 3ejqensix, 6 KpacHBIX 1
5 yepunx. KakoBa BepOATHOCTD B3ATH Hayraj KPAcHSBIT map?

Pewenue:

CobBITHE A 3aKIJI0YAETCA B TOM, YTO B3SATHIH IPOM3BOIIE-
HO IIap KPacHOr'o I[BETa.

P,=m,/n=6/20=3/10=0,3=30%.

OTBeTH MOMKHO 3aNUCHIBATE [O-PA3HOMY: B BHAe OOBIK-
HOBEHHOI ApoGH, B BHAE AECATHYHOI APo6H, KOJUIECTBOM
IIPOIIEHTOR.

IIycts NpOM3BOZMTCA ONBIT, KOTOPHIH HMMeeT DSX BO3-
MOKHBIX MCXOZOB A, A,, ..., A,.

Cobrrna A, A,, ..., A, HA3EIBAIOTCA HECOBMECTHBIMM,
€CJIM «OHHY B3aMMHO HMCKIIOYAIOT ADPYr APyra, T.e. He MOIYT
TOSBUTHLCS BMecTe.

CobriTns A, A,, ..., A, Ha3LEIBAIOT PABHOBO3MOJKHBIMH,
€CJIM YCIIOBUS ONBITA 00ECIIEUUBAIOT OAMHAKOBYIO BO3MOMK-
HOCTbH (BEPOATHOCTE) MOABJEHUSA KAsKAOT0 U3 HUX.

CobniTust A, 4,, ..., A 06pa3yioT IOJHYIO TPYIILY, €CIIH
OHM HCYEPHBIBAIOT COG0M BCe BO3MOKHEIE HMCXOAHI, T.e. He
MOXeT OBITh TaK, YTOOBI B pe3yJnTaTe OIEITA HE OTHO U3
HUX He MPOU3OIIIO.

Ecmm coburrna A, A, .., A, obnajaroT BCEMH TpeMs
CBOMCTBAMH, T.e. a) HECOBMECTHHI; 6) o6pa3yloT HmOJHYIO
IPyNNy ¥ B) paBHOBO3MOJKHEI, TO OHH HA3LIBAIOTCS Cydasi-
MH, a IIPO OIBIT [OBOPAT, UTO OH CBOAUTCS K CXEMe CIydaes.

JBa cobhlTHA A ¥ B HashIBAIOT He3aBHCHMBIMHM, €CJIH
NoABJAEHUE OZHOTO U3 HUX HUKAK He BIHAET Ha HOABJICHUE
ApYyroro, T.e. yCJOBHAf BEPOSATHOCTL COOBITHA A B IIpeiIo-
JIOXeHNHU, 4To B mpousolnio, cosepllleHHO Takad e, KakK
u Ges aroro npeanooxenus: P(A/B )= P(A).

B nporusHOM ciaydae cobuiTiusi A u B Ha3HBAIOTCA 3a-
BHCHMBIMH.
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Teopembl CAOXEHUA W YMHOXEHHA BEPOATHOCTEIH

1. Teopema cioKeHHS BEPOATHOCTEMH.

BepoATHOCTH TOTO, UTO IMPOKH3OHAET OTHO U3 ABYX He-
COBMeECTHBIX cOOBITHII (BCe paBHO, KAKOE HMEHHO), PABHA
CyMMe BepPOATHOCTENH 3THX COOBITHIA,

BanumreMm 5TO ImpaBuJo B BuAe dopmysanl. IIycts 4 n
B — aBa HecoBMecTHBIX cobniTHA. Toraa

P(A umu B) = P(A) + P(B).
Dro mpaBmIo 06061IaeTcs Ha J060€e IHCI0 COOBITHH.

PaccmorpuMm mpumep.

B samuxe — 20 mapos, u3 HuUX 9 3ejleHBIX, 6 KpacHBIX
¥ 5 uepHBRIX. KaKOBa BEPOSITHOCTH B3ATH HAYraj KPAaCHBIN
UK 3eJIeHbBIH map?

Pewenue:

CobrITHe A 3aKJII0YaeTCs B TOM, YTO B3ATHIN IIPOM3BOJIb-
HO IIIap KPacHOro IIBeTa.

CobriTe B 3aKaiouyaercs B TOM, YTO B3ATHIN IPOU3BOIb-
HO IIap 3eJE€HOro IBeTa.

P,=m,/n=6/20;
P,=m,/n=9/20;
P=6/20 +9/20=15/20=3/4=0,75=75%.
Omeem: 75%.

BepoATHOCTh MOMKET GHITH 3aliucaHa B BHje OOLIKHOBEH-
HOII fpo6u, B BHAE JeCATUYHOMI ApodM MM B NpOIEHTaX.
U3 TeopeMBbl CI0KEHUA BEPOATHOCTEH BHITEKAIOT HEKO-
TOpBIE BAXKHbBIE CHEACTBUA:
1) Ecnu cob6riTua A, A,,..., A, HECOBMECTHBI U 06pasyioT
I0JIHYIO TPYIILY, TO CyMMa IX BepoATHocTe# paBHa 1.

2) Ecin A — xaxoe-T1o cobbITHE , 8 A — IIPOTUBONOJIOMK-
Hoe eMy (cocTosiiee B HemosBireruu A), To P (4) +
+ P(A)=1, r.e. cyMMa BepOATHOCTEN IIPOTHUBOIIONOMK-
HBIX COOBITHH paBHa 1.

Ha nocaeaHeit ¢popMysie 0CHOBaH 04€Hb PAacCpOCTPaHeH-
HEBIl B TEODUHM BEPOATHOCTH IIpUEM «Ilepexojia K IPOTHBO-
TIOJIOXKHOMY COOBLITHIO». YacTo OLIBaeT, YTO BepPOSATHOCTH
HHTepeCcyIomero Hac COOGBITHA A BBIYUCIUTH TPYAHO, &
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BEPOATHOCTH IPOTHBOMOJIOKHOIO eMy — A — merxo. Torna
BRIYUCASIOT P(A) B BEIYUTAIOT €I0 U3 eIHMHHUIIEI:
P(A)=1 — P(A).
2. TeopeMma yMHOKEHHS BEPOATHOCTEI.
BepoarnocTs coBmemeHud ABYX coObITHil (1.e. co-
BMECTHOTO IOABJIEHMA TOr0 H APYroro) paBHa BepOATHO-
CTM OHOT0 M3 HUX, YMHOXXEHHOI Ha BePOATHOCTH JAPYTOro,

BBIYMCICHHYIO IIPH YCJIOBHMU, YTO NePROE MPOU3OLLIO.
B Buje GopMyanl 5TO MIPAaBHJIO SalUIIETCS TAK:

P(A u B)= P(A) - P(B/A),
rae P(B/A) — Tax HasplBaeMas YCJOBHASA BEPOSATHOCTH
cobrlTus B, BBIUMCIEHHAA NPH YCJIOBUM, UTO cOObITHE A
TIPOU3O0IILIO.

Ilpu ncmonb3oBaHny IPABUIa YMHOMXKEHNS BePOATHOCTEM
COBEPIIEHHO BCe PaBHO, KaKoe M3 COOBITHH CUMTAThH «Iiep-
BBIM», 4 KAKOe <«BTOpPHIM». IIpaBHUJI0 YMHOXEHHA MOMKHO
3amucaTh B Buje

P(A u B)=P(B) - P(A/B).

PaccmoTpum npumMep.

Bpocunu aea urpanbHeix Ky6uka. Kakosa Bepoa'moc'rr.
NOABJCHNS JBYX OATEPOK?

Pewenue:

1-11 cmoco6. PacemoTpuM fBa coOGbITHA: coObiTHE A — Ha
mepBoM Kybmke BpImana 5, cobriTme B — Ha BTOpoM Ky6u-
Ke — TOXe 3.

P,=1/6, P,=1/6.
pP,.=1/6 - 1/6=1/36.

2-11 crroco6. PaccMoTpuM Bee BO3MOXKHBIE MCXOAB! ITpu 6po-
CaHUU ABYX MIPANBHEIX KYOHUKOB.

11]12]13]14]15] 16
21|22]23]24]25] 26 W
31]32{33{34[35[36 +s
41[42]43[44[45{46] | ® |o®e| $
[ ]
[ ]

511525354 | a8 56
611626316465 66

10. 3ax. 475 289
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W3 Tabmunel BUAHO, 9TO 00IIee YUCI0 UCXOH0B paBHO 36.
BiaronpuarHeI# HcXoJ AJAA HAIIEro CIy4YaiHOTO COOHI-
tuss — 1. BHaunT, BepoaTHoCcTs P =1/36.

Omeem: 1/36.

3akon Gonblimx yucen

OcHOBHEIY <«IIOKa3aTeneM» JIOGOro COGLITHS (daxTa)
A sBisercs YHUCJeHHAs BelMYWHA ero BeposaTHocTH P(A),
KOTOpas MOMeT IPUHUMATE 3HaueHus B guanasone [0...1] —
B 3aBHCHMOCTM OT TOTO, HACKOJBKO 3TO COOLITHE CIIydaii-
Ho. TaKoe CMEBICIOBOE onpejeeHNe BEPOATHOCTH HE JaerT,
O/IHAKO, BO3MOMKHOCTH YKa3aThb NYTh AJNA BHIYHCJIEHHSA ee
3HAYEHHS.

ITosToMy Heo6XOAMMO MMeTh M Jpyroe, orsedapilee
TpeGoBaHUAM IPAKTUUECKO PabOTEI ONpe/esieHYe TepPMUHA
«BEPOATHOCTDL» . ITO OlIpefie/IeHHe MOKHO JaTh HA OCHOBAHUN
JKUTEHCKOr0 ONEITA B OOBIYHOTO 3JPABOro CMBICIA.

Ecnn Mul uHTepecyeMcA cOORITHEM A, TO CKOpee BCEro
MO¥eM HabIofaTh, GUKCUPOBATh (GAKTHI €ro IOABJICHUS.
MoTpe6HOCTE B HOHATHH BEPOATHOCTH U €€ BEIYHMCJIEHHUA
BO3HUKHET, OUEBUIHO, TOJILKO TOI'KA, KOrZa MBI Habniogaem
3TO coOBLITUE He KaXKABIHA pas, Aub0 0CO3HAEM, YTO OHO MO-
JKeT MIPOU30IiTH, a MoeT He Opousolitu. 1 B TOM 1 Jpyrom
clIy4ae MOJe3HO UCIOJIB30BATE IOHSITHE YACTOTH] MOABIEHM R
coOmITHA [, — KaK OTHOIIEHMS YUCJA CIy4aeB ero MosBIe-
HEAA (6JIarONPUATHBIX WCXOJO0B WM UacTOCTell) K OOImemMy
yucay HabrogeHmil.

Unryuinusa mogcKasblBaer, 4TO YaCTOTa HACTYNNeHUS
cAy9aifHOTO COGBITHS 3aBUCHUT He TOJIBKO OT CTeleHH CIydai-
HOCTH camoro cobrrrus. Ecau Me1 Habmoaaau 3a coobITHeM A
BCero IATH pa3 U B TPeX CAydadX 3TO coObITHE IIPOM30LLIO,
TO MaJIO KTO HPHMeT 3HAYEHHE BePOATHOCTH TAKOTO COOBITHA
pasasiM 0,6 uau 60% . Ckopee Bcero, ocoGeHHO B CIydasax
HeOOXOAMMOCTH HPUHATHA KAKHX-TO BA’KHBIX, ZOPOTOCTO-
ANMX perteHuii, M0G0l U3 Hac IPOJOJIKUT HabGMIOAeHHS.
3npaBblil CMBICT NMOACKA3LIBAET HaM, 4To Y3 ecxau B 100
HabirofeHNAX coOBITHEe A Ipou3onuIo 14 pas, TO MBI MOXKEM
¢ Kyna Gonblleil yBepeHHOCTBIO IIOJIaraTh €ro BepOATHOCTH
paBHo# 14%.

290



Taxum o6paszoM, ME cHOpPMYIHPOBAJN BTOPOE OIpe-
JeJieHVe IIOHATHA BEPOATHOCTH COOBITHA — KaK Opejesa,
K KOTODOMY CTPEMMTCS YaCTOTa HaONIoAeHNsa 3a cOGBITHEM
NIpY HelIpephrIBHOM VBeTHYeHUH urcaa Habmogennii. Teopus
BEPOATHOCTEH, ClIeIIMaTbHEIN pasfes MaTeMaTHKH, JOKA3hI-
BaeT CYII[eCTBOBAHUE TAKOI0 IIpeeia M CXOAUMOCTE YaCTOThI
K BepOATHOCTH IIPY CTPeMJIeHMH 4Kcia HabmoneHuit K Gec-
KOHEUHOCTH. ITO MOJOKeHe HOCUT HasBaHue IeHTPaJIbHOM
npeselbHOl TeopeMhl, MM 3aK0HA GOMBIIMX YHCeJ.

dpyroe HaspaHHe 3aKOHa OONBIINX YHCEI — TeopeMa
A. Bepuyanu. OHa ycTaHaBJIHBaeT, YTO IPH HEOTPaHUYeH-
HOM YBelIMYeHHM UNCIA HCIOLITAHXEA YacToTa Cay4aiHoOro
COOBITHSA CXOQUTCS II0 BEPOSITHOCTY K BePOSITHOCTH COOBITHA.
Ora TeopeMa ObLra BbIBeleHa NEpPBOH JJA 9TOTO 3aKOHA.
ITosgHee BO MHOIMX IMpPAKTHYECKUX 33/1a4aX TEOPHUM Bepo-
ATHOCTEH CTaJu HCIOJb30BaTh TeopeMy YeOnImena: mpu
JOCTATOUHO GOJILIIIOM UHCIe He3aBUCHMBIX HCIIBITAHUY cpej-
Hee apupMeTudecKoe HaGMIOAaeMbIX 3HAYeHWH ciydaitHoM
BEJIMYMHBI CXOANTCS IT0 BEPOATHOCTH K €€ MATEMATUYECKOMY
OKHUAAHUIO (IOHATHE MATEeMATHUYECKOr0 OXUAaHUA Oyner
paccMOTpeHO Jajee).

Y1065l UCIOJIL30BATE 3TY TeOpeMy, HeOOXOXNMO IIPOBO-
INTh 3KCIIEPYMEHT ¥ PErHCTPHPOBATh YacTOTy HabrogeHui,
KOoTOpas TeM TO4YHee JACT HAM BepOATHOCTbL, YeM GoJblle
HaOJI0Ne N IIPOBEaeHO.

Hy, a xax 65ITh, eciIH 3KCIIEPHMEHT HEBO3MOXKeH (fopor,
oaceH HJHM MEHHeT CYTh IPOLeCCOB, KOTOPhlE HAC MHTEpe-
cyroT)? MHBIMM CI0BAMH, HET JIU JPYTOTrO IYTU BEIUUCIEHUSA
BEpOATHOCTH COOBITHH 663 MPOBeAeHUS IKCIePUMEHTOB ?

Takoil yTh ecTh, XOTd, KaK HU NIapaJioKCAILHO, OH BCE
PaBHO OCHOBAH HA OILITE, OIIBITE KHU3HY, ONBITE JIOTHYECKUX
paccyxnenunii. Bpsag aiu Kro-mubo 6yer mIpousBOZUTE KCITe-
PUMEHTHI, TOAGpackiBasi HECKOJIBKO COTEH MJIM THICAYY pas
CUMMETPHIHYI0 MOHETKY, 4YTOOBI BHIACHHUTH BepPOSITHOCTH
NosABJIeHUA repba npy ogHoM Opocannu. nu BeruuciagaTh Be-
POATHOCTH BLIMANCHUA YHCIA 5 HA HIPATbHOM KyOHKe U T.X.

ITOT TYTh HA3BIBAETCH CTATHUCTUYECKMM MOJeInpOBa-
HUeM — HCIOJh30BAHMEM CXeMBI CAYy4aiHbIX COOBITHH U C
YCIIEXOM UCHOJB3YETCA BO MHOIMX NIPUJIO/KEHUAX TeOpeTHde-
CKOi#l ¥ mpUKJagHOU cTaTucTHKHU. [IposemoncTpUpPYEM BTOT
yTh, PACCMATPMBAA BOIPOC O BEPOSATHOCTAX CHIYYAHHBIX
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penuuus. O6o3Hayum P(A) BeIUINHY BEPOSTHOCTH TOr'O, 4YTO
cobniTHe A He mponsoiizer. Toraa us onpejeJeHNUs BepOAT-
HOCTH 4epe3 YaCTOTy HACTYIUIEHHA cOOLITHSA cieayer, 4To
P(A)+ P(A) =1, uTo NpaBUIHHO YUTATh TAK — BEPOATHOCTH
TOr'0, YTO COOBITHE NPOU30HAET MU He IIPOM30iifeT, paBHA
100% , mOCKOABKY TPEeTHEr0 BapHaHTa NONPOCTY HeT.

ITogo6HuEIe JMOorMUYecKMe PacCyKAeHUS NPHUBEAYT HAC K
Gonee obmrieil ¢opmyse ciao:xeHMs BepoaTHocreit. IlycTe
HeKoTopoe caydaiinée coObITue MOYKET IPOU30HTH TOJIBKO
B OZHOM U3 3 BAPDHAHTOB, T.e. IYCTh UMeeTCA CHCTEeMa U3
TPeX HeCOBMeCTHMEIX cobwrTuit A, Bu C.

Torpa oueBUIHO, UTO

P(A) + P(B) + P(C)=1;
¥ CTOJIb e IIPOCThIE PACCYXKACHUS IPUBEAYT K BHIPAYKEHHIO

IS BEPOATHOCTH HACTYILJIEHMS OJHOIO M3 ABYX HecOBMec-
TUMBIX coOnlTUi (Hanpumep, A unu B):
P(AUB) = P(4) + P(B);
WX OZHOTO M3 TPEeX:
P(AUBUC) = P(A) + P(B) + P(C); u T.1.

PaccMorpum uyTh 6osiee ciaoxHEBIH mpumep. IlycTs Ham
HAfO HANTU BePOATHOCTH COGRITHA C, 3aKJIOYAIOIIErocs B
TOM, 4YTO IIpU NMOAOPACBIBAHMH ABYX PA3HBIX MOHET MBI OJIy-
qyuM rep6 Ha nepsoii (co6eiTue A) 1 Ha BTOpoit (coObITHE B)
¢TOpoHEe. 3ech peub UET 0 COBMECTHOM HACTYILJICHUU ABYX
HEe3aBHCHUMEIX COGRITHII, T.e. HAC MHTEpPECYyeT BepPOSATHOCTH
P(C) = P(An B).

U 3pecs MeTOA ITOCTPOEHU S CXEeMBI COOBITHI OKA3bIBAET-
CA YyZeCHBIM IIOMOIIHUKOM — MOXKHO JOCTATOYHO IIPOCTO
J0KAa3aTh, 4TO

P(ANB) = P(4A) - P(B).

Koneuno e, paccMarpuBaeMbsle QOPMYJIBI TOZATCA
and mioboro KoaudecTBa COOGBITMIE: JHUIb OBl OHM OBLIN
HECOBMECTHEIMM B MEPBOM CIydae W HE3aBHCHMBIMU BO
BTOPOM.

Haxonern, BOSHHKAIOT CUTYallMN, KOILA CIy4aliibie COOBI-
THS OKa3bIBAIOTCH B3aUMHO 3aBHCHMBIMU. B aTux ciydaax
OPUXOTUTCA PAsINYaTh YCIAOBHEIE BEPOATHOCTH:

P(A/B) — BeposaTHOCTs A NpHU ycioBuM, 9TO B yiKe Ipon-
30IILIIO;
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P(A/B) — BepostHOCTD A NpH YCIOBUH, 4TO B He mpou-
3011110,

HasniBaa P(A) Ge3yclOBHOU MM IONTHOH BEPOATHOCTHIO
coObITHA A.

P(A/B) - P(B)=P(B/A) - P(A).
9ro BeChbMa BayKHOE CPEJCTBO aHAIN3a, OCOOEHHO B 06J1aCTH

NPOBEPKH TUIOTEe3 W pPelleHUd BONPOCOB YIpaBAEGHUA Ha
6a3e METOJOB MPUKJIAZHOM CTATHCTUKH.

3aganua
ANA CaMOCTOATENbHOK paboThl

Ne 107.

Brl kynunu B MarasuHe KOMOBIOTEp, HAa KOTODEIA (up-
Ma-NIPOU3BOAMTENSs JaeT ABa roja rapanTuu. Kakume ms
CIICAYIOMMX COBBITHIA HEBOSMOXKHBIE, KaKue — caydaiinsle,
KaKHe — IOCTOBEPHBIE:

A = {koMIbIOTep He CIOMaeTcA B TeueHHe roja);

B = {xoMIOB0Tep He CIOMAeTCs B TeUeHHEe XBYX JIeT};

C = {B Teuenue ABYX JIeT BaM He npmxe'rca IUIATHTD 34
PEMOHT KOMIILIOTEPaY};

D = {koMmbIoTep CIOMAETCA HA TPeTHit rox}?

Ne 108.

B xopobke nexar 10 kpacHbIX, 1 3enenas u 2 cuane pyu-
ku. U3 kopobku Hayrag BEIHUMAIOT ABa npeiMeTa. Kaxue ns
CIeYIOIUX COOBITHI HeBOSMOXKHEIE, KAKHEe — CJIyYaiiHble,
KaKye — JOCTOBEpHLIE:

A = {BBIHYTH JiBe KpacHBIe DYyUYKH);

B ={BrIHYTHI AB€ 3e/eHEIEe PYYKH};

C = {BRIHYTH AiBE CHHUE PYYKH};

D = {BBIHYTH PYYKH ABYX Pa3HHIX I[BETOB};

E = {BriHyTH ABe pyuKu};

F = {Br1nyTH ABa KapaHzama}?

Na 109.

B xopo6ke — 15 mnpunes, a MeficecTpe HY3XKHO CAeNIATh
10 nabeknuil. Kakue u3 ciegyonux coOLITHI HEBO3ZMOK-
HbBle, KaKue — ciy4aliHnle, KAKHe — JOCTOBEepHEIe:

A = {Bce mBBeKnUN OYyAYT CAENAHBI B PA3HOE BpeMs};
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B = {Bce nnpexnun 6yayT cAeJaHb OJHOBPEMEHHO);

C = {GyaeT HCIONBL30BAH KAM/AbIA IIHPHIL};

D ={naiizerca mmnpun, KOTOPHIH He GyAET UCIOIb30BAH);

E = {B KopoOKe He ocTaHeTcd IINpUIEB TIOCIE BHIIOIHE-
HUA BCEX UHBEKIINIi};

F={B xopobke ocTaneTca 8 IIMPHUIEB ITOCIE BLITOTHEHNA
BCEX MH'BEKIH}?

Ne 110. #
Yemy paBHa BepOATHOCTD BhINlafieHus repba mpu 6poca-
HHUH MOHeTHI?

Pemxa—"
Pewenue:
B mpocreiimux 3agadax Ha HaxOXAeHUE BePOATHOCTH
MCIIoJb3yeTcsa opmysia

rae P — BepOATHOCTH JAHHOTO CIYYaMHOTO COOBITHS; M —
KOJMYECTBO 6J1arONMPUATHLIX MCXOAOB AJIS JAHHOTO COBRITH;
n — ofIIee YUCIO MCXOAOB AJIs AAHHOTO COGBITUA.
n=2;m=1; P=1/2.
Omeem: 1/2.

Ne 111. .
3anosHKUTe TabIHIY OTBETOB 3KCIIPECce-0IIpoca: «HAfIlIPI
COOTBETCTBHE».

A HoasneHne ogHOrO M3 COGLITHI
3aBHUCHUT OT IIOSBJIEHUA APYroro

IlosBneune oxHOro M3 cobuiTUil He
3aBHCHT OT IOSABJIEHUSA SPYroro

1 |Cayuaiinsie

2 |docroBepHEIE B

CoBBITHA, NMEIOIINEe OAUHAKOBYIO

3 BO3MOKHBI B
Hesosmo € BePOATHOCTh

CyMMa BeposiTHOCTEeH Takux cobrI-

4 |IIporuBononoxuuie| T N
THH paBHA eAUHNILE
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ColuiTHA, KOTOpHe 06A3aTeNLHO
NPOU30OHAYT

Co0bITisA, KOTOPHIE HUKOTAA He
NpPOU30HAYT

Co6rITHs, KOTODEIE MOT'YT IIPOM-
30MTH, a MOTYT ¥ He NPOU30ATH

Co6BITHS, KOTOPEIE HE MOI'YT
TIpOM30ATH OHOBPEMEHHO

HecoBmecTHEIE

PaBHOBO3MOXKHEIE

HeaaBucumeie

3asucUMBIE

OTBeTH K OIIpOCY:
1 2 3 4

Kpurepun 6nemm:
0 ommbox — omenxa 5; 1 ommnbka — omenxa 4; 2—
4 omu6KH. — ounenka 3; > 4 omuboxk — 2.

Ne 112,
KaxoBa BepOATHOCTD NOABJEHHUS IIECTH OYKOB IIPH Opo-

CAHHM HUTPAIBLHOrO KyOuKa?
n=6; m=1; P=1/6.
Omeem: 1/6.

Ne 113.

Yemy paBHA BePOATHOCTH TMOABIEHUA Gojee 4 OUKOB B
TOM JKe OIBITe?

n=6; m=2; P=2/6=1/8.

Omeem: 1/3.

Ne 114,

OngwiT cocrout B 6pocannm AByx MoHer. Hadizure Bepo-
SAITHOCTH TOTO, UTO ITOSABHATCS XOTHA OB OfUH repl.

Pewenue;

O6o3HayuM A — mosABJIeHMe XOTA OH OofHOro repba.
CayuaeB B JaHHOM OIEITE UeTHIPE:

A, — rep6 Ha mepBoi MoHeTe ¥ rep6 Ha BTODOI;

A, — pemKa Ha NepBO#l MOHeTe W pelllKa Ha BTODOA;

A, — rep06 Ha mepBoii MOHETe ¥ DeIIKa Ha BTOPOI;

3
A, — pemKa Ha NepBO# MOHeTe W rep6 Ha BTOPOM.

\
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Tpu us nux: A, 4,;, A, — GnaronpuATHLI COORITHIO A,
3HAYHUT, M, =3, n=4, u HopMyia OIpeAeSeHNs BEPOATHOCTH
naetr P (A) = 3/4.

Omeem: 0,75.

Ne 115.

B amuke 3 Genpix u 4 yepHBIX 1iapa. M3 Ammka Bei-
HuMaercs 1 map. Hadigure BepOATHOCTH TOTO, YTO 3TOT
uiap — 6Gesblil (cgbniTHe A).

Pewenue:

n=7,m,=3, P (4)=3/1.
Omeem: 3/17.

N: 116.

B amuxe 3 Gennix, 5 KpacHblX u 4 4yepHBIX Imapa. U3
AmuKa BeiHuMaior 1 map. Haiigute BepoATHOCTS TOTO, YTO
aToT wiap 6yZeTr KpacHBIM (coOwiTe A4).

n=12, m,=5, P (4)=5/12.
Omeem: P (A)=5/12.

Ne 117.

W3 cnoBa «IOJIMKIMHMKA» BBIOMpaercs Hayraj OfHA
6ykea. KakoBa BepoaTHoCTb, 4TO 5TO IjlacHaa? Yro aTo
6yksa K? Yro aro rimacuas wim Oyksa K?

Omeem: 5/11; 2/11; 7/11.

N 118.

B smuke 5 yepHBIX, 3 6enbIxX ¥ 2 KpacHBIX mapa. Kako-
Ba BEPOATHOCTH BBIHYTh: a) Geblil Iuap; 6) KpacHbIil map;
B) GesBIM MM KpacHBIM miap; r) Oenblif M KpacHBINA, eCaH
TIepBLIN B3ATHIA IIap KIageTca o6paTHO; ) OeJiBIH U Kpac-
HBIH, eciu mepBhId mIap o6parHo He Bo3Bpaujaerca?

Pewernue:
a) P =0,3;
o) P=0,2

B) P=0,3 + 0,2 =0,5;

r)P=0,3-0,2=0,06;

x) P=0,3-2/9~0,067, nmuz P = 0,2 - 3/9 ~ 0,067.
Omeem: 0,067,
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B smuke 3 6easIx # 4 YepHBIX mIapa. U3 AmuKa BEIHU-
MaT cpasy 2 mapa. Haliqure BeposTHOCTE TOrO, UTO 06a
mapa — Gensie (coOmITHE A).

Pewenue:

1-if cnoco6 pelreHUs 3ajadi.

PaccmorpuMm cobuIiTre A — B3AIHM M3 AN[UKA Cpasy ABa
mapa, ¥ oHH 00a Oesble.

HysxHo momcuuraTh 00Iee YHCIO CJIyYaeB N ¥ YUCJIO
6IaronpuATHEIX cay4aes m,. CKOJIBKAMH CrIoco6aMU MOKHO
BeIOpaTh M3 AnuKa 2 mapa? Haiizem uucio n Bcex BO3-
MOKHBIX cIy4aeB B HallleM IpuMepe, T.€. YHUCJO CIOCO0O0E,
KOTOPBIMH MOKHO BEIOpaTh 2 mapa us 7:

2 7! +2+~34-5.6-7
n=C; = = =—=21.
215! 1.2.+2-845 2

CronpKuUMU cHnoco0aMy MOYKHO BBIOpaTh 2 M3 HMelo-
muxca Geapix mapos? BrlumcauM ywmcyio 6raronpUATHBIX
caydaes m,, T.e. YHCJIO COCOOOB KAKUMH MOXKHO BHIGpaTh
2 mapa u3 3 GenbIX:

31 1-3.3
2111 2.1
Mma

OKoHYATEeIBHO MOJYyYaeM P( " ,
n

=3.

mA=C§=

Omeem: 1/17.

2-# crioco0 pelleHus 3aJa49u.

PaccmorpuM 2 cobeITHA: coOBITME A — IEPBHIH INap
Gesbiit, coOpiTHe B — BTOpOI map Gensiii. OueBUAHO, YTO

P(4) =§.

Ecan nepssiii map Genslii, 70 Bropoii BHIGHMpaercs u3
ocTaBuImxcA 6 mapos; n3 Hux 2 GenbIx, 3HAYUT,

2 1
P(B/A)=—===.
(B/A) 63
Orciona P(A u B) = P(4)- P(B) ‘3
Omeem: 1/1.
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B smuke 3 6ennix u 4 yepHHX mapa. 13 smuxa 6epyT
cpasy 3 miapa. Hajlizgute BepOsTHOCTH TOro, 4TO 2 H3 HUX
6yayT yepHbiMu, a 1 — Genbim (cobbiTHE A).

Pewenue:
OO01mee 4MCIO CAYYaeB B JAHHOM OIbLITE:
7-6-5
n= 03 = = 35.
"7 1.2.3

IToacunTaem sTeneph YKCIO OIATONPHUATHBIX CIydaeB
m . CKOJTBKMM croco6aMu MOKHO BRIGpaTh 2 U3 4 4YepHEIX
mapos?
2 1.2.3-4
171.2.1.2
K xaxmoi xoMOMHAIIUN YEePHBIX INapoB MOXKHO Da3HEI-
MH clioco6aMM NpHCOefUHHTH 1 Oesblil Iap; ero MOYKHO
BeGpaTe C} =3 cnocobamu. Kampas KoMOMHALMSA YEPHEIX
IIAPOB MOMKeT COUYETATHCA C KayKABIM H3 GeJblX, II03TOMY
ofIee yuciio GIArONpUATHBIX CIy4aeB

m,=C}-C;=6-3=18,
OTKyZAa mo dopMyie HalizeM
P(A)=18/85 ~ 0,514.
Omeem: 0,514.

Ne 121.

Hexwuit rpaxaHuH KYIHI KapTOUKY JOTEPEH 1 Hayrax
oTMeTu] B Heil 6 u3 uMeromuxcs 49 HomepoB. Haiiaure se-
POATHOCTH TOT'0, YTO OH IPABHUJILHO yrajai 3 u3 6 Homepos,
KOTOpBle OYyAYT OMyGAMKOBAHEL B CIIHCKE «BBIATDABIIMX Y.

Pewenue:

Paccmorpum cobGriTme: A — yragaHo 3 HOoMepa u3 6
(3maumT, ocrajabHbIe 3 He yragaHsbl).

Ce®-Css® 6-5-4.43-42-41-4-5
Ca98 49.48.47-46-45-44
Urax, BepOATHOCTS, NPAaBUJILHO yrajgaTs 3 HoMepa U3 6
OUYeHb HeBeJIMKa — OkoJo 1,8%. fcHo, 4TO BepOATHOCTH

yrajgaTe 4 HomMepa, 5 uan Bce 6 —— ellie MeHbINe.
Omeem: 0,0176.

= 6 crocobaMu.

= 0,0176.

P(A) =
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Ne 122,

W3 nosxaoro Ha6opa AoMuHO (28 11T.) HayAady BEIOUPAIOT
7 Kocrteli. KakoBa BepOATHOCTB, UTO CpefH HUX OKayKeTcd
o KpaliHel Mepe oAHa KOCTh ¢ LIECTHI0 OYKAMMU?

Pewenue:

HaiifeM BepoATHOCTD MIPOTUBOIOJOKHOTO COOBITHA, T.€.
13 BeIOpaHHBIX 7 Roc'reﬁ HeT HM OAHOM C IIeCThI0 OYKaAMHU:
P(A4)= G’ / C," = 0,068.

Toraa P 4)= 1 — P (A)=0,932.

Omeem: 0,932.

Ne 123.

B xopob6xe 30 rascryxoB, 12 n3 HUX KpacHEIe, OCTAJILHEIE
yepHrle. OnpeaennTe BEPOATHOCTD TOTO, UTO U3 4 BEIHYTBIX
raJICTyKOB Bce OYAyT OZHOTO IBETa.

Pewenue:

A — coOpITHe: BRIOHPAIOT
4 KpacHBHIX

B — coOriTHe: BHIOHMpAIOT
4 YepHBIX

HeCOBMECTHBIe COOBITHS

P (A + B) = P(A) + P(B);
ct, 12! . 30!

PA)=22 - = . 2 -
(4) ci, A!8!° 4126!
_9.10-11-12 27-28-29-30 _
1-2.3.4 ° 1.2.3-4
_9-10-11-12 _ 11880 - 0,018%;
27.28-29-30 657720
4 1 1
p(B)=9L4&=_1_&_ 80!
cs, 411417 4126!
_15-16-17-18  27-28.29-30 15-16-17.18 _
~1.2.3.4 ° 1.2.3.-4  27-28-.29.30
_ 73440 =0,1117.
657720

P(A + B)=0,0181 +0,1117=0,1298.
Omeem: 0,1298.
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M3 60 BOIPOCOB CTYAeHT IOATOTOBHI K 3k3ameHy 50.
KakoBa BepOATHOCTh, UTO OH CHACT 3K3aMeH, eciu Guirer
cozep:xuT 3 Bonpoca?

Pewenue:

CobniTe A — CTY[EHT CAACT 3K3aMeH.

P(A)_c3so_ 50! 60! 48-49.50 _
C%e0 31471 31571 58-59-60

Omeem: 0,57.’

Ne 125.

B Haxonureine aia Gymar uMeercs 15 ncropuii 6onesHu,
cpexy Hux 10 3amOJHEHHBIX HEOOXOAMMBIMU aHAIU3AMU.
MepcecTpa Hayrajx usBjieKaer 3 ucropun Gonesnu. Halinure
BEPOATHOCTH TOT'0, YTO U3BJIEICHHbIE JOKYMEHTHL OKAXKYTCA
yiKe 3aIOTHEHHLIMH.

Pewenue:

Co0OniTiie A — Bce 3 ucTopun 60JIe3HH 3al0JHEHBI HEOO-
XOAMMEIMI aHaIN3aMU.

_C%o0 120 24 _
C®1s 455 91

0,57.

0,26.

Omeem: 0,26.

Ne 126. .

13 1000 HosopoxAeHHLIX 511 okaszanuch MAThINKAMH.
HaiinuTe BepOATHOCTE POKICHUA MAIBINKA U BEPOATHOCTD
POXKIEeHUA AeBOYKH. . ‘

Ne 127,
Kaxora BepOATHOCTD IIOABJIEHUA HEUETHOTO UKCJIa OUKOB
mpu 6pocaHuM urpajibHOro Kyouxa? YerHoro umena?

Ne 128.

IIpu 6pocaBEuy ABaXKABI UTPANBHOIO KyOMKa BBHINIAJIO B
cymme 9 ouxoB. KakoBa BepOATHOCTB TOr0, YTO BTOPOH pas
BHINAJIO 6 0YKOB?

Ne 129,
BeposiTHOCTL 3a00JIeTH TPHUIINIOM BO BpeMdA 3IHIEMHH
paBaa 0,75. CKOJIbKO 4esIoBeK MOKeT 3aGoseTs 3Toit Gones-

.
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HbBIO Ha [IEPBOM Kypce KOJLIeHKa, eCIN MOCTYHIN YINThCH
400 4gesnosex?

Ne 130.

B amuke 4 6ensix 1 5 yepHLIX I1apoB. BeiHIMaOT Hayrag
2 mapa. Haiifure BepoOATHOCTE TOTO, UTO 00a HIapa Geibie.
Pemrnre 3agauy AByMs crrocobamu,

Ne 131.

M3 1000 BpIMyCKHIKOB MEIHITMHCKOr0 KoJuteaka 720 ve-
JIOBEK pafoTaloT [0 CBOeH ceruaNsHoCTH, 70 YeoBeK mpo-
nomxkamr obyueHre B MeANIIMHCKOM MHCTUTYTe. Halinute
BEPOATHOCTh TOTO, YTO BBIIYCKHHK OCTAaHETCA B OTpAC/H
37[pABOOXPaHEHHS.

Ne 132, ‘
Ha nexnunm npucytcersyior 100 cryzenros. U3 Hux no

MaTeMaTUKe UMEIOT OLeHKY «OTJNYHO» 20 uesioBeK, «Xopo-

mo» — 50, «yAOBJIETBOPUTEIBHO» — 24 U «HEY/OBJIETBODH-

renpHO» — 6. KakoBa BEpOATHOCTH TOTO, YTO BBI3BAHHBIH

Hayraj CTyZleHT He HMeeT 3aJ0/KeHHoCcTed 110 MaTeMaThuKe ?

Ne 133.

B KopsuHe HaxogaTca 2 6esnlX n 3 YepHBIX mapa. Haii-
IHUTE BEPOATHOCTD TOr'O, YTO OXUH 3a APYIUM OYAYT BHIHYTEI
BCe UepHBIe IIapHI.

Ne 134,
B amuke 20 mapoB ¢ Homepamu ot 1 a0 20. Kakosa
BepOATHOCTH BBHIHYTH LIAP ¢ HOMepoM 377

Ne 135.

Ha sksamene 40 OGuieros, cTyAeHT He Berydma 10 6u-
neros. HalifuTe BepOATHOCTH TOr0, YTO €My IIOIafeTcs
BBIyYEHHBIN OHJIeT.

N 136.

TeneBn30p BKIIOYAETCA Ha cIyuyaiizoM Kanayie. Kabenn- :
HOe TeJIeBH/IeHNe IMPEeAOCTABJAET TPH 00pasoBaTENBLHBIX
kazana us 60. KakoBa BepoATHOCTSL BRJIIOUEHUA 00pas3oBa-
TeJLHOTO Kanaua?
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Ne 137.
IIpu BrmoueHNHU TeseBU30pa Ha 15 xaHanax n3 60 uzer
pekaama. Kakopa BeposSTHOCTH He IONACTH HA peKJIaMy?

Ne 138.

Has yaactuss B Koukypce «JIyummuii denbaiiep» mpu-
raacuaIn 26 CTYAEeHTOB M3 MEeAUIMHCKHX KoJIemxkei, 9
U3 HUX U3 OAHOro Kojunemxa Bosarorpaza. Ilepen mauamom
COPEBHOBAHNA KOHKYPCAHTOB Pa30HBAIOT HA MApPHI IO JKpe-
6uro. Kaxosa BepostHocTs, uTo UBan Ilerpos us Boarorpazna
OKAa’KeTCs B IIape CO CTYAEHTOM M3 CBOETO KoJLIeaxKa?

Ne 139.

B xopsune Haxomarca 2 OedbIX M 3 4epHBIX Inapa. U3
Hee M3BJIEKAIOTCA IIaphl M BosBpalramTca obpaTHo. Haii-
LUTe BEPOATHOCTH TOTO, UTO TPU pasa MoApsj OyaeT BHIHYT
YepHBIA LIap.

No 140. 7
B smuke 10 mrapos: 6 Gensix u 4 uepHbIx. Beimyaum
2 mapa. KaxoBa BepoATHOCTH TOro, UTO o0a Iiapa Gemsle?

N 141.

B smuxe 10 Genrix, 15 uepHEIX, 20 cHHUX 1 25 KPaCHBIX
mapoB. Betnyau Hayrag ogud map. HaliinTe BepoATHOCTS,
9T0 B3ATHIN 1IapP: a) Oesnlii; 0) CHHUE; B) OeJIbIi MM YePHEIHA;
r) GeJblii, CHHMH WJIN KPacHBIi.

No 142,

B nmepBom smuke’ 2 Geaslx m 10 UepHBIX IIApPOB; BO
BTOpOM AmMKe 8 Geapix U 4 4epHBIX mapa. U3 xaxkgoro
AIIWKA BEIHYJAM MO I1apy. KakoBa BepOATHOCTb, 4YTO 00a
miapa Gesere?

No 143.

W3 maptuu, coaep:xkaieit 10 mmnpunes, cpegu KOTOPHIX
3 OpakoBaHHLIX, HayAa4y H3BJIEKAIOT 2 U3JeNus AJIA KOH-
Tpona. HaliguTe BeposaTHOCTH: COOBITHA A — U3 2 MIIPUIOB
HET HU OZHOT0o OPaKOBAHHOTO; COOBITHA B — B moay4eHHOH
BbIOOpKe — 1 mmpun 6pakoBaHHBIN.
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N 144, .

B norepee 2000 6uneror. Ha ogun Ouner najaer BbIM-
rpein 100 py6ieii, Ha 4 Ounera — BuIMrpeIm oo 50 py6ieii,
Ha 10 6uneros — perurpuinl no 20 py6aei, Ha 20 6uneToB —
BoIurpeim mo 10 pyb6ieit, Ha 165 OuiaeToB — BHEIMIPHIII
o 5 pyGueit, Ha 400 Guieros — BeIMrpeIn mo 1 py6aiio.
OcrayibHble GUNIETHl HEBHIUTPRIIIHBIe. KaKoBa BepOATHOCTh
BHINI'pPaTh 110 Guytery He MeHee 10 pyGieii?

Ne 145.

Tpu cTpeaxa He3aBUCHUMO APYr OT APYra CTPeISIOT IOo
neau. BeposATHOCT:, MOMAZAHHUA B LieJb IEPBOI'O CTPENIKA
parua 0,75, sroporo — 0,8, Tpersero — 0,9. Onpegenure
BEPOATHOCTH TOI'0, YTO BCE TPH CTPEJIKA OJHOBPEMEHHO MO-
magyT B Helb.

Ne 146.
BrInonHATE TeCTOBLIEC 3aNaHU.

1. B amuke 4 gepunlx u 6 Genwix mapoB. U3 ypHE CIy-

yaiiHeIM oGpasoM GepyT ofuH map. BepodaTHOCTh TOTO,
YTO 3TOT IIAP OKAXKETCsS YePHBIM, paBHA:
A)0,4; B) 0,6;
C) 0,2; D) 1.
2. Ecnin BepoATHOCTH IONAJAHWUSA B MHIIEHb COCTAaBJIAET
0,3, Torza BepOATHOCTH IPOMAaxa paBHa:
A) 0,3; B) 0,5;
C) 0,7; D) 1,3.
3. Teopusd BepPOATHOCTH — 3TO pasfesl MaTeMaTHKH, H3Y-
YaomMil CBA3H MEXAY:
A) 3KCTIepHMeHTANIbHEIMY JaHHBIMH;
B) dysrOnamu; '
C) MeTozaMu CUCTEMATU3AIHNY;
D) BeposTHOCTAMY cIyYalHEIX COOBITHIA.

4. CTymeHT cracT sK3aMeH Ha «5» ¢ BeposiTHocthio 0,4, a
2-ii crygent ¢ BepoaTHocThEO 0,5. BeposTHOCTh cpayu
ITUMM CTYAEHTAMH dK3aMEHA HA «OTJIHYHO» paBHA:

A) 0; B) 0,2;
C) 0,9; D) 0,1.

5. B amuke 3 :xeaThix, b CHHEX M 2 KpacHHIX 1mapa. Be-

POATHOCTSH HE BHITAIIMTH JKEJTHIH IIap paBHA:
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A) 0,3; B) 1;
C)0,7; D) 0.

6. U3 napruy B 100 urpymerk 2 6paxkoBaHHBIX. OTHOCH-
TeJILHAS YacToTa OpaKa COCTaBJIAET:

A) 0,2; B) 0,02;
C) 0; D) 2.

7. BeposTHOCTh HOABJIEHHUSA OFHOIO U3 ABYX HECOBMECTHBIX
cobertuit A u B, eciu P(A) = 0,4 u P(B) = 0,3 paBna:
A) 0,1; # B)0,12;

0) 0,3; D) 0,7.

8. BepoATHOCTh BHINAJEHUA TPeX OUKOB IIPY OpPOCAHHHU
UTrpaJbHOro Ky6MKa paBHa:

A) 1/36; B) 1/6;
C) 0; D) 1.

9. BepoATHOCTL IOABICHHUS ABYX €JUHUI NpHU OpocaHuu
JBYX UTPAJBHEIX KYOMKOB paBHa:

A) 1/36; B) 1/6;
C) 0; D) 1.
10. BeposATHOCTh BBITAINUTEL M3 KOJIOAHI KapT B 36 IITYK
KapTy IUKOBOM MACTH paBHA!
A) 1/4; B) 1/36;
C) 1/6; D) 1/9.

Bonpocbl no Teme

1. Jatime onpedenenus OCHOGHbLM NOHAMUAM MeOpuUU
sepoamHocmu: cryuatinoe cobvimue, 0ocmosepHoe cobbt-
mue, He803MOHCHOE COBbLMUE, BEPOAMHOCTb CAYHAUHO20
cobbimus.

2. Copmynupyiime kaaccuueckoe onpedenenue eepoam-
nocmu. B kakux npedenax usmeHnsemcs 6epOAMHOCMb
cryiaunozo cofvimua?

3. Chopmynupytime OCHOBHbLE MeOPEMbL MEOPUL BEPOAM-
HOCmell: meopemy CRONCCHU ePOAMHOCMEll U meopemy
YMHOINCEHUSA 8ePOAMHOCTIEU.

4. Cihopmynupytime 3aK0H GONbULUX HLUCEN.

5. I'de Haxodum npumeHenue meopus éepoamuocmei?
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Tema 4.2. 3aKoH pacnpeaeneHua
NMCKPETHOI Cny4ailHOi BENTUYMHDI

W) TepMuHbl

o TuckpeTnasa caydaitHas BeJIHINHA

e HenpepriBHaA caydaitHas BeJIMINHA

o 3aKOH pacIpejielieEuA TUCKPETHOH CiydailHo#l BeJMYIHHBI

o MareMaTHueckoe OKHUIaHHE AUCKPETHOH CAyYaiiHOl BeIMIHHEI
e Mucnepcus AMCKPETHON CIIy4aifHON BeIUIHHBI

¢ CpenHee KBaJpaTHUeCKOe OTKJIOHEHHe

OCHOBHbIE MOHATUA

[luckpeTHan cnyvaiiHan BenuunHa

CayuaiiHble BeJIUYHHEI AeJdAT Ha JBe PA3HOBUAHOCTH:

¢ NUCKpeTHEIe, KOTOPhle MOI'yT IPUHUMATEL TOJIBKO KOH-
KpeTHBIe, 3apaHee OroBOpeHHHIe 3HaUYeHHdA (HalpuMep,
3HAYEHNS Yucell Ha BepxHeil rpaHy OpoIeHHON Hrpailb-
HOH KOCTHM WU TIOPAAKOBLIC 3HAUYEHUS TEKYLIEro Me-
csna);

e HelpephIBHEIE (Ualle BCero 3Ha4YeHWA HEKOTOPHIX (u-
3UYECKHX BeJIMYMH: Beca, PACCTOAHUSA, TeMIepaTyphl
¥ T.I.), KOTOpBIE II0 3aKOHAM IIPHUPOJEI MOI'YT IIDHHUMATE
Jni00ble 3HAYEHUs, XOTA Obl M B HEKOTOPOM HHTEpBaJe.
3aKoH pacmpefieleHUS CJOy4ailHOH BeJUYHHBLI — 3ITO

COOTBETCTBHE MEXKAY BO3MOXKHEIMU 3HaUYeHUAMH JUCKpeT-
HOM cryuaiiHOl BeTWUWHBI M ee BePOATHOCTAMH, OOBIUHO

3anvcpiBaeTcd B TaﬁJII/IIJ;YZ
X [ X [X, [ . |X,

P | P p p

] 1 2 oo n

CraTucrudecKoe onpeeieHNe BepOSTHOCTH BRIPAIKAETCH
Yepes OTHOCUTENIBHYIO YACTOTY CJIY4YailHOro coGrITHA, T.e.
HAXOAUTCA KaK OTHOIEHYEe KOJIIYeCTBa CIy4allHbIX BeIUIYnH
K 00IeMy 4Mcay CAydaiiHbIX BeJIWYHH.
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MaTreMaTH4ecKuM OKWIAHNEM JHCKPETHOM CIydaiinoi
BeJMYMHBI X HA3BIBAETCA CyMMa IIPDOM3BeIeHUI SHAYCHHH
BesmIHHBL X Ha BEePOATHOCTH 3THX 3HadeHHi#. Maremarn-

yeckoe oxxuganne obosmavaror X naum M(X):

— n
X =M(X)=%,p,+X,Py+ - +X,P,= Y X,D,.
i=1

PaccesHue cayuaiitHO# BeIVYMHEI OTHOCUTENIBHO €e MaTe-
MAaTHUYECKOro DyKufaHus onpeieiseTcs ¢ HOMOIIBI0 YHCIOBOM
XapaKkTepHUCTHKN, HasdpIBaeMoil ngucnepcueii. ITpome rosops,
JUCIepCHs — 3TO pasdpoc cAy4yailHONl BeJWYKWHEI OTHOCH-
TEJIBHO CpeAHero 3HaveHusd. Jnd NOHATHA CYIIHOCTH RHC-
nepcuu paccMoTpuM npumep. Cpexuss sapaboTHas nara Mo
CTpaHe COCTABIAET OKoI0 25 Teicdad pybueil. OTkyzna 6eperca
ara nuppa? Cropee BCEero CKJIAABLIBAIOTCA BCe 3apHJIATHI U
JeJIATCA Ha KOJIMIECTBO paboTHUKOB. B AaHHOM ciryuae oueHb
Gonpuiasa Aucnepcus (MUHUMANbLHAS 3apIaTa OKoJIo 4 THIC.
py6., a MmakcuMangbHass — oKoJio 100 Thic. py6.). Ecin 651
3apILIaTa y Bcex GhLiIa OAMHAKOBOI, TO Auclepcusd Obina OB
paBHa HYJII0, ¥ pasbpoca OB He ObLIO.

Jucnepcueit TUCKPeTHOR CcIyuaifHOH BeJIMYMHEI X
Ha3BIBAIOT MaTEMAaTHUECKOe OKHMAAHNe KBaJpaTa PasHOCTH
CIy4Ia¥HON BeIUYUHLL B €e MATeMAaTUUECKOT0 OXKUJaHUA:

D = M[(X - M(X))*].
Hcnonbsys ompefesieHre MAaTEMATHYECKOTO OKHUJAHUS
IS BEIYHMCJIEHUSA NUCIEePCHH, MoaydaeM GopMyIy

n
D =Y (X, - M(X)y - p,
i=1

Jucnepcuss UMeeT pPasMEpPHOCTH KBajpara cay4afiHoN
BeIWUYMHBI. B Tex ciayuasax, Korjga Hy)XHO UMETH rmcnosyro
XapaKTepUCTUKY pacCesTHNA BOSMOXKHBIX 3HAUEHUI B TOM e
Pa3MepHOCTH, YTO X caMa cJIydailHast BeTUYNHA, ncnom:aylo'r
cpeJHee KBafipaTHUHOE OTKJIOHEHUe,

CpenHuM KBaJpaTHYHBIM OTKJIOHEHHEM cnyqammn
BEeIWYNHLI HA3EIBAIOT KOPeHb KBaZPATHRINA U3 ee AUCIePCHN
o=D.

Cpeaiee KBaApaTHYHOE OTKJIOHEHIE €CTh MePa PACCeTHUA
3HAUCHHNH caydyaiiHON BEJIMYMHEI OKOJIO ee MaTEeMaTUIeCKOI0
OXKHULAHNA,
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3apauua
ANA CamMOCTOATENbLHON paboThl

N 147.
Pacnpesenure ciy4aiHble BeJHUMHBl Ha JUCKPeTHbIE K
HempephIBHBIE!
1. Hlokasaausa npubopa. ' 2. YaMeHeHMe BeTMUMHEL

BO BpeMeHH.
gr=1
or=4

0.3 . eA=10

5. Kapgumorpamma cepana.
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7. BpeMa Ha 3JIeKTPOHHBIX Jacax.

8. Bec peberka. . 9. BpeMsa Ha MeXaHHYECKHX
Jacax.

3anumuTe B TabAMIy UX HOMEpA: -
JrckpeTHbIe CayJYaliHEIe BEJIMYMHE]
HenpeprisHEBIe cydaiiHbie BEJIUUAHbBI

N 148,

B menexHOI1 JoTepee paswirpuiBaeTcs 1 Buurpeim 8 1000
pyouseii, 10 srrurpeimzeii mo 100 py6ieit u 100 seiurpoimeit
no 1 py6uro npy oburem uuciae 6umeros 10000. CocrasnTe
33aKOH pacupefielleHus cay4aiHoro BEIMIphIa X AJIA Bia-
JIeJbIla OXHOTO JOTepeifHOro OueTa 1 oNpefeTe MaremMa-
THUYeCKOe OKMAaHNe, AUCIEePCHIo U cpefHee KBAAPATUUHOE
OTKJIOHEHNE CAVYAHHON BeJIHUNHEL.

Pewenue:

X, =1000, X,=100, X, =1, X, =0,
P = 1/10000 = 0,0001, P,= 10/10000 = 0,001,
P,= 100/10000=0,01, P,=1 — (P, + P, + P,)=0,9889.
PesynsraTsl moMecTHM B TaGJIHIy:

X 1000 100 1 0
p 0,0001 | 0,001 0,01 | 0,9889
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MaTemaTndecKoe OXKUAAHHE — CyMMa IapHBIX IPOW3-
BefleHWIl 3HAYeHHSA CJAyJYaHHOH BeJIWYHMHBE! HA HX BEpPOAT-
HOCTb. [ins mamHO# 3a5a9u ero nenecoo6pasHO BEIYUCIUTh

no ¢opmyie

X= X« by

s

Il
[ar

i

X =1000 + 0,0001 +100 - 0,001 +1 - 0,01 +0 - 0,9889 =
=0,21 pyons.
Tlonyunan HACTOANIYIO «CIPaBeAJIHBYIO» IeHY Ouiera.
n
D=Y(x-MX)-p=
i=1
=(1000 - 0,21) - 0,0001 + (100 - 0,21)2 - 0,001 +
+(1-0,21)% - 0,01 +(0-0,21)* - 0,9889 =~ 109,97;
o=+D ~10,49.

Ne 149.
B3akoH pacnpefeieHus ciaydaiiHod Beauuuasl X 3agaH

e clenyiomrei Tabnuneii:
X 1 2 4 5
P 0,1 0,4 0,4 0,1

Hailizure ee MaTeMaTH4ecKoe OXUJaHUe, AUCIEPCHUIO U
cpefHee KBaZpPATHYHOEe OTKJIOHEHHE.
Pewenue:
Hcnons3yeM npuBefeHHbIEe Bhille GOPMYJIBI:
X=MX)=1-01+2-04+4-04+5-0,1=3.

D=(1-3?-01+(2-3%-04+(4-3)°>-0,4+
+(5-3)2+0,1=1,6.

o =416 =1,26.

Ne 150.

Hajlizure mMaTeMaTHUeCKOe OXHAaHUEe, AMCIEPCHIO H
cpeflHee KBaJpaTHUECKOe OTKJIOHEHHe NMCKPETHOMH ciryqail-
Hoil BenuuuHnl X, ecJHM ee 3aKOH pacnpejielsieHUA 3ajaH

Tabauneit: ‘

309




Bapwuanr 1.

X 17 19 20 25 31 32 33 40 41

p joo05|0,1]0,11}0,15} 0,2 {0,15] 0,1 |0,09|0,05
BapmnanTt 2.

X 5 9 10 12 15 18 20 23 | 24

p |0,01}0,03|0,05|0,15|0,43]0,15} 0,1 |0,05|0,03

K]

BapuanT 3.

X 90 92 93 98 | 104 | 105 | 106 | 113 | 114

p |o05| 0,1 }0,11}/0,15} 0,2 [0,15] 0,1 |0,09]0,05
BapuanT 4.

X 18 19 21 25 28 32 34 39 | 40

P 0,05/ 0,1 |0,11]0,12;0,24|0,12|0,11| 0,1 | 0,05
BapuasTr 5.

X 47 49 50 51 52 53 55 60 61

P }{0,01|0,03]0,05|0,15} 04 |0,18] 0,1 | 0,05 0,03
Bapuanr 6.

X 1 5 10 11 15 19 25 30 35

P |0,02/0,08]0,13]|0,16] 0,3 |0,i6( 0,1 | 0,04 0,01

~ Bapmanr 7. .

X | 1071109 | 112 ] 125|131 | 132 | 133 | 140 | 141

P |o05| 0,1 }{0,11]0,15] 0,2 |0,15{ 0,1 |0,09 (0,05
BapuanT 8. ‘

X 67 68 71 74 76 78 81 84 88

p |0,05( 0,1 |0,11]|0,15}0,17]|0,15]|0,12]| 0,1 {0,05
BapmuanTt 9.

X 12 15 18 21 22 25 29 31 32

P |0,05| 0,1 {0,11]0,15| 0,2 |0,15| 0,1 |0,09] 0,05
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Bapuanr 10.
X 1,7119120|251{31]32]33] 4,0 4,1
P 1001/|004]011}0,15] 0,4 |0,15]0,09]|0,04 { 0,02

Bapuanr 11.

X 15 } 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
p }0,05|01fj0,11(0,15]| 0,2 |0,15| 0,1 }|0,09}0,05

Bapmuanr 12.

X 25 | 26 { 27 | 28 | 29 | 30 | 31 | 32 | 33
P }10,01]0,03|0,05}0,15]|0,43]0,15] 0,1 }0,05]0,03

Bapuanr 13.

X 30 | 31 | 32 { 33 | 34 | 35 | 36 | 37 | 38
0,11]0,11}0,15} 0,2 { 0,15} 0,1 | 0,09]0,05

o
o
[~
&

X 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43
P 10,05|011]0,11]0,1210,24]0,12]0,11] 0,1 | 0,05

X | 40 | 42 | 44 | 46 | 48 | 50 | 52 | 54 | 56
P }0,01/0,03|0,05]|0,15| 0,4 |0,18} 0,1 | 0,05 0,03

X | 45| 49 | 51 | 55 | 61 | 63 | 65 | 67 | 69
P |o0,02}0,08]|0,13f0,16| 0,3 {0,16| 0,1 | 0,04 | 0,01

Bapuanr 17.

X | 471 49 | 563 | 56 | 58 | 656 | 66 | 68 | 70
P 1005¢01])0,11}0,15]| 0,2 ;0,15] 0,1 }0,09]0,05

BapuanT 18.

X | 53] 55| 50| 63|64 ] 66| 69 | 70 | 72
P |o0,05] 0,1 |0,1110,15]0,17}0,15]0,12] 0,1 | 0,05
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BapuanT 19.

X 61 63
P |0,05] 0,1

Bapuant 20.

X| 65 | 67
P 10,02]0,08

Bapuanr 21.

X 75 | 77
P 10,05 0,1

Bapuant 22.

X 2 4
P 10,0110,03

Bapuant 23.

X 13 | 16
P {0,05( 0,1

Bapuant 24.

X 21 25
P |0,06] 0,1

Bapuanr 25.

X 63 | 65
P 10,01(0,03

Bapuant 26.

X 70 | 72
P 10,020,08

Bapuant 27.

X | 82 | 84
P |0,05]| 0,1




Bapuanr 28.

X | 111|113 | 114 | 115 | 116 | 118 | 119 | 120 | 122
p (005|021 {0,11}0,15(0,17|0,15]0,12| 0,1 | 0,05

Bapuant 29.

X [ 9 [ 91| 92| 93 | 94| 95 | 96 | 97 | 98
P 005|011 }0,11]0,15) 0,2 0,15} 0,1 }0,09{0,05

Bapuant 30.

X 1 3 6 8 9 11 | 12 | 14 | 15
P |0,02|0,08}10,13]0,16) 0,3 |0,16] 0,1 | 0,04 (0,01

Bapuanr 31.

X 95| 96 | 98 | 100 | 102 [ 103 { 105 | 108 | 110
p 10,05(0,1}0,11}0,15| 0,2 0,15} 0,1 |0,09] 0,05

Bapuant 32.

X 11 13 | 15 | 17 | 19 | 21 | 22 | 24 | 25
P }|0,01]0,03|0,05|0,15(0,43}0,156| 0,1 |0,05{0,03

Bapuant 33.

X 20 { 22 | 24 | 26 | 28 | 30 | 31 | 83 | 35
p 10,05} 0,1]|0,11}0,15} 0,2 0,15} 0,1 {0,09]0,05

BapuanT 34.

X 25 27 | 29 | 31 | 33 | 35 | 37 | 39 | 40
p |005]| 0,1 |0,11}0,12}0,24}0,12}0,11] 0,1 |0,05

Bapuanr 35.

X [1003102 | 104106 {108 | 110 | 112 | 114 | 116
P 10,0110,0310,05(0,15( 0,4 |0,18| 0,1 |0,05(0,03

Bapuant 36.

X |115}116 | 117 ) 118 1 119 ) 120 | 121 | 122 | 123
P }0,02{0,08}|0,13|0,16| 0,3 |0,16] 0,1 {0,04]0,01
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Bapuanr 37.

X | 158 | 159 | 160 | 161 | 162 | 163 | 164 | 165 | 166
P }o005(01]0,11}0,15} 0,2 |0,15]| 0,1 | 0,09 0,05
Bapuant 38.
X 15 16 19 21 22 24 26 29 1 30
P 0,054 0,1 }0,11}0,15|0,17]0,15]0,12} 0,1 | 0,05
14
BapuasT 39.
X 31 32 33 34 35 | 86 | 37 | 38 | 39
P l0,05| 0,1 ]0,110,15| 0,2 |0,15| 0,1 {0,09)0,05
Bapnant 40.
X 42 | 43 | 44 45 | 46 | 47 | 48 | 49 | 50
P }0,01]|0,03}0,05}0,15| 0,4 | 0,18} 0,1 |0,05]0,03
Ne 151. .
3anoHATe Ta6JIMILYy OTBETOB SKCIIpECC-0IIpoca: «HATIn
COOTBETCTBHE>.
CobpITHE, KOTOpOE MOKeT
1 |mpousoittTu, a Moxer m He| A |[Aucnepcus
IIPOU30NTH
2 Cpsgnee gHAueHWe cayuail-| plpeo oo
-~ |noit BenmuUnHBI
3 Onepanus JOrHIeCKOro yM- B m
HOXKEHMS = _n'
4 |®opmyna BepOATHOCTH T' |Jloruxa
Paccesirue cirydaiHOM " -
BeJIHYUHBL R |Cryuafinoe
6 ?ayxa o ¢opMax H cIoco- E |Muspionkmus
aX MEIIIJIeHHA
7 |AuckperHocTh JK |Ausepcus
8 Onepapus JOrAYeCKOro 3lpent=1-2.3.. -n
CIIOKEHUSA
9 |PopmMysa IepecTaHOBOK n idl:rema'mqecnoe OHmMAA-
10 |Orpunanne K |IIpepuBHCTOCTD
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OTBeTHL K OIpOoCY:
1 2 3 4 5 6 7 8 9 10

Kpurepun oueHku:
0 omubox — omenxa 5; 1 ommubra — omenka 4; 2—
4 omrmGKN — oleHKa 3; > 4 omubox — 2.

Bonpocel no 1eme

1. [latime onpedenerusa duckpemHnol CAYLAUHOU 6AULUHbL
U HenpepbleHOU CAYUAUHOU 6eaUYLHbL, npusedume npu-
MepoL.

2. Ilepevucaume 0CHO6Hble XapaKmMepuCMUKU dUCKpemHoil
CAYHAUHOU 6eautunbl, Oaiime um onpedeneHus, NOACHU-
me opMyY.abL, NO KOMOPLIM OHU HAX00AMCA.

3. Cpopmyaupyiime 3aK0on pacnpedenenus caAyLainol Ge-
AUYUHDL.

4. Ymo noxasvieaem mamemamuyecicoe oxcudanue?

5. Kaxo6o cmuicnosoe 3navenue ducnepcuu?

Tema 4.3. MateMmaruyeckan CTaTUCTUKA
i ee ponb B MeJuLMHe U 3RPaBOOXPaHEHHH

@) » TepmuHbl

o MareMaTuueckas ¢ 3Tansl CTATHCTUYECKOTO
CTaTHCTHKA ‘ HCCIEeIOBAHUA
e 3afau¥ CTATMCTHKH o CanuTapHasA CTATHCTHKA

o lenepanbHas COBOKYNMHOCTE  ® CTaTHCTHYECKUIl OTUeT
¢ BribopouHasd cOBOKynHOCTL e IloKasaTesu AeATelbHOCTH
JIIY
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OCGHOBHbIE MOHATUA

MaremaTnyeckas CTATHCTMKA — pasfien NPHKJIATHOK
MaTeMaTHKH, HAyKa O MareMaTHYeCcKHX METOfaX CHCTEeMa-
TU3a0UHU U HCMONB30BAHHUSA CTATHCTHYECKMX NAHHBIX IAA
HAYYHBIX ¥ NPAKTHYECKUX BBHIBOAOB. BO MHOIMX CBOHMX
paspiesiaX MaTeMaTH4decKas CTATHCTHKA OITHPAEeTCHa HAa Teo-
puio BepoATHOETH, HO3BONAIILYIO OLEHUTh HALEKHOCTD U
TOYHOCTH BEIBOJOB. JTOT pasjiesl NPUKJIAJHON MaTeMaTHKH
IIOCBAIEH U3YYEHHIO CIYYaHHBIX BeJIHUHNH 110 Pe3yILTaTaM
HabJoHe A,

PazpuTue cratucTudecKoi Hayku, pacimupenne cheph
IPaKTAYEeCKON CTATHCTHYECKOH pabOTH UpHUBESH K M3Me-
HEHUIO COJAEP KAaHUSA CaMOro IOHATHUA «CTaTUCTHKa». B Ha-
cTodlllee BpeMd AAHHKIH TepMHH ymoTpediserca B Tpex
3HAUYCHUAX: '

— IOJ CTATHCTHKOM MOHMMAIOT OTPACHb IPAKTHYECKOH
JesTeIbHOCTH, KOTOpas HMeeT CBoell Uensio cOop,
06pafoTKy, aHAIUS3 ¥ TYOIUKAIHIO MACCOBRIX JAHHEIX
O CaMBIX PA3JIUYHLIX ABJICHHUIX OOIeCTBEHHON KU3HA
(B 9TOM CMBICJIE «CTATHCTUKa» BRICTYIAET KAaK CHHO-
HUM CJIOBOCOYETAHMS «CTATHCTHYECKHH yUeT»);

— CTATHCTHKOM Ha3BIBAIOT HU(POBON MaTepHwana, CIy-
KaIIUi IS XapaKTepPUCTHKM KaKoH-Iubo o6aacTH
00IIeCTBeAHNX ABJNEHUH HMIN TEPPUTOPUANBHOIO
pacIpefieIeHHA KaKOoro-TO NOKAa3aTesNs;

— CTATUCTUKON Has3bIBAeTCS OTPACHDb 3HAHWA, ocobas
HaydHas AUCIUNJIWHA, COOTBETCTBEHHO YueOHBII
IIpeIMET B BEICHINX M CPEIHHX CIEIMUATbHRIX YIeOHBIX
3aBeeHUAX. Meaununckye paGoTHHUKY, HanpuMep,
U3y4aloT CAHUTAPHYIO CTATHCTHKY.

3azady CTaTHCTHYECKOH HAYKH:

1. IlocTostHHEIE (ZOJITOBpPEMeHHEIe): a) 06eCHeYUTh OPraHkl
VIpaBIeHUs OCYAAapPCTBOM, PErHoHAMH, OTPACHAMH H
OTAENBHBIMY IIPEANPUATUAMU CBOEBPEMeHHON NOJIHOM
¥ goctroBepHOl mHbopManuell, HeoOGXoAMMOM AN NpH-
HATUA pemeHuii; 6) HHOOPMUPOBAThL OGIECTBEHHOCTS O

SABJIEHUAX M IIpoIleccax, IPONCXOAAIINX B obmiecTse.
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2. AxTyansHble 3a1a4u GOpMHUPYIOTCA UCXOAA U3 HOTpel-

HOCTH OOIIeCTBa M 3KOHOMHKM HA COBPEMEHHOM 3Tame:

a) noayyeHue OO0BEKTHBHOH MHGpOpPMALHY O AeATelb-

HOCTH XO3SHCTBEHHEBIX CTPYKTYD; 0) co3faHMe aBTOMA-

TU3UPOBAHHBIX 0a3 ZAHHEIX O ACATEIBHOCTH TEKYIIHUX

XO03AACTBEHHBIX CTPYKTYP C BO3MOKHOCTRIO CRHKIIMOHM-

POBAHHOI'C JOCTYIA K HUM JJIA NOJyYeHnsd nudopmanum,

Heo0XoquMOH JJIA PEelIeHHA TeKYIIUX XO3SHCTBEHHBIX

3a/]a4; B) IPOTHO3KUPOBAHME PA3BUTHA BAXKHBIX COI[HAJIb-

HO-3KOHOMMYECKHMX IpOIEeCCOB W ABJEHUI; I') pacmpo-

cTpaHeHHe BRIOOPOYHEBIX 00CIeOBAHME BO BCEX CEKTOPaxX

00ILIeCTBEHHOM U SKOHOMWYECKOH JKU3HH; A) HpoBeAeHNe

OPrasu3alOHHO-MEeTOAONOIMYecKod pabGoThl 10 HmOCTe-

MeHHOMY NepexoAy HAa CHCTEeMY HaOHOHAJILHEIX CUETOB.

HUccrenoranme MaccoBBIX 0OIUECTBEHHBIX ABJIEHUM BKJIIO-
uygeT B cebdA crexyiolnue aTambl (3TANBl CTATHCTHYECKOIO
UCCIIeIOBAHMSA):

1) cbop craTHcTHYecKOH HMHGOPMAIMM M ee NEpBUYHAS
00paboTKa (cTaTHCTHYeCKOe HAbMIoficHue);

2) rpynnupoBKa ¥ BRIGODKa PE3YALTATOB HAOIOACHUA B
onpejeieHHbLIE COBOKYIIHOCTH;

3) oGobIIeHne ¥ aHANKU3 MOMYYEeHHBIX MATepHUAJIOB.

Ha nepBoM »Talle CTATHCTUYECKOI'O MCCIAENOBAHHUA
HOPMUPYIOTCS HEepBUYHBIE CTATHUCTHYECKHUE AaHHLIe, WIN
HUCXOAHAS CTATHCTHYECKASA HHGOPMAIINA, KOTOPAA ABJIAETCA
¢yEAaMeHTOM OyAyIIero CTaTHCTHYecKoro spauusa. Ecuan
npu cbope MEPBUYHBIX CTATUCTHYECKUX NAHHBIX AOMYIIEHA
omrx6Ka HWJIM MaTepHajl OKasalicsi HeAOOpOKAYeCTBEHHEIM,
3T0 NOBJIHAET Ha NPABUJIBHOCTE M HOCTOBEPHOCTH KAK TEO-
DETHYECKHX, TAK M MPAKTHYeCKUX BHIBOAOB. IlosTomy cra-
TUCTHUYECKOe Ha0JIIofeHre OT HAYAJLHON N0 3aBepluamnuiei
CTafuM — MOJYYEHUSA HTOTOBHIX MATEPHAJIOB — JOJKHO
OBITH TIATEIBHO IPOAYMAHHBIM M Y€TKO OPTaHM30BAHHBIM,

Crarucruyeckoe HaGIOIeHNe IpeACTaBageT co00il HAyU-
HO OPraHU30BaHHLIA IO egWHOI ImporpaMMme yueT (aKToB,
XapaKTepU3YIOIUX ABJEHUS M Npolecchl 00IIecTBeHHOM
JKM3HM, ¥ cOOp ITONVYEHHBEIX HA OCHOBE HTOT0 VUETA MACCO-
BHIX AaHHBIX. K cratHcTHUeCKOMY HAONIONEHUIO NpeAhSAB-
JISIOTCA CIEAVIoOUIUe TPeOOBAHMSA:

1) moNHOTA CTATHCTUYECKUX AAHHEIX (IIOJHOTA 0XBATa eIn-

HUI K3yyaeMoil COBOKYIHOCTH, CTOPOH TOr0 HJIM MHOTO

SIBJIEHWS, a TaKXXe MOJHOTA OXBAaTa BO BPEMEHM);
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2) JOCTOBEPHOCTS M TOYHOCTD JAHHBIX;
3) ux exuHOOOpasHe ¥ CONOCTABUMOCTE.

OnHako He BCcAKHi cO0p cBeleHU ABNAETCA CTaTHCTHYE-
cxuM HaGmaogeEneM. O CTaTHCTHYECKOM HAOMI0AeHIN MOXHO
TOBOPUTH JHUIIL TOTAA, KOTJAa H3YYAIOTCHA CTATUCTUYECKUE
33KO0OHOMEPHOCTH, T.€. TaKKe, KOTOPEIE IIPOSABJIAIOTCA TONbKO
B MAacCOBOM IIpouecce, B GOJIBIIOM YNCIe eQUHUI KaKOoi-TO
COBOKYIHOCTH. IIoaTOMY CraTHcTHYeCKOoe HabmogeHne JOK-
HO OBITH IJIAHOMEPHBEIM; MacCOBHIM M CHCTEMATHYECKHM.

Ha BTOpoM sTame COBOKYIIHOCTH AEeNUTCH II0 IPHU3HA-
KaM pasjuuyus ¥ o0beinHseTcA II0 IPU3HAKaM CXOJCTBA,
MOACYHTHIBAIOTCA CYMMAPHBIE ITOKA3aTe H II0 IPynInaMm ¥ B
nesioM. C IIOMOIIBIO PAa3JIMYHBIX METOJOB M3ydaeMble ABIe-

‘HRA JeJIATCA Ha Ba’KHeHNINe TUIIHI, XapaKTepHble I'PylIlbl

¥ DOATrPYIIIBI II0 CYIIECTBeHHBIM IMpusHakKaM. C IoMOIIbI0
TPYNNHUPOBOK OIPAHUUYMBAIOT Ka4eCTBEHHO OJHODOAHBIE B
CYIIECTBEHHOM OTHOLIEHWH COBOKYIITHOCTH, UTO SBJIAETCA
NPeJIIOCLIIKON AJIA OlNpeje]eHUs M IpUMeHeHus o0obira-
IOLIUX IIOKAasaTresei.

Ha zaxaiounTelsHOM 3Talle aHajiu3a ¢ MOMOILILI0 06006-
IIAIOIKUX TOKaszaTeJell pPacCUYMTHIBAIOTCA OTHOCHTEJbHBIE
U cpefHUe BEINYMHBI, KAaeTCi CBOAHAA OIleHKAa BapUanuu
NpPU3HAKOB, XapaKTepusyeTcs JUHAMHKA SBJIEHWH, IIpU-
MEHATCA HHIEKCHI, 0aTgHCOBLIE INOCTPOEHUS, PACCUNTHI-
BalOTCA MOKA3aTeJNH, XapaKTepUayIolue TeCHOTY CBs3ell B
U3MeHeHnHU Ipus3HakoB. C 1enbi0 Hanboiee palHOHATIBHOTO
U HATJIARHOTO H3JIOXKEHHUA IHU(POBOT0 MaTepHasa OH Ipel-
cTaBasieTcA B BuAe TabauI u rpadrKoB.

CrarucTHyecKada COBOKYHHOCTb — 3TO MHOQXKECTBO
ABNeHU, UMEIOIINX OJVH HJIH HECKOJbKO O0IMX IIPUBHA-
KOB M OTJIHMYAIOINXCA MEXAY co00M 110 3HAUEHUAM JAPYTUX
PHU3HAKOB.

Eauauna cOBOKYITHOCTH — KavKJ0e OTAEJIbHOe ABICHUE,
nojJexkaniee y4eTy, HafleJeHHOe IIPU3HAKAMU CXOACTBA.

YuerHpie MPU3HAKH — JTO CBOMCTBa, XapaKTepHas
yepTa ABJEHUA, IOJIEXKAIIAS CTATHCTHIECKOMY U3YYEeHHUIO.
Hensarcs Ha: :

1) kauyecTBeHHBbIe (ATPUOYTHBHBIE) — BEIPAXKAIOT CyIIe-
CTBeHHOe HeOoThLeMJieMoe cBoiicTBo mpeamera. Ilpo-
THBOIOJIOKHBIE KaueCTBeHHBIE MPU3HAKU HA3BIBAIOT
aNbETEePHATUBHLIMM (MY>KYHHA — JKeHIWHA, OTJINY-
HUK — He OTJHYHHUK # T.J.); -
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2) Komu4ecTBeHHEIE — OTJeJbHBIe SHAYEHUSA pasfidda-
I0TCA N0 BeJuuuHe (BO3pacT, pocT, Bec).
CraTHcTHUYeCKHMEe JAHHbBIe — CBeJeHHs O UNUcie 00BeKTOB
KaKOo#-1160 OOGNINPHON COBOKYNHOCTH, 00MafalOIHX TeMU
WM WHEIMY OpA3HAKaMu (HaopuMep, 4HCI0 CTYAEHTOB,
poauBuIuxcda B 1985 r.). fAsadoTcd HCXOAHBIM MATEPHAJIOM N
It 1E000T0 CTATHCTHIECKOro ucciegosanusa. Ha ocHoBaHny
CTATUCTHUECKHUX JAHHEIX MOJKHO CAeaTh HAYYHO 060CHOBaH-
HEIe BBHIBOAEL. [IJIs 3TOrO CTATHCTHYECKYe NAHHEIE NOJMHBI
OBITE MPeABAPUTENbHO ONpefeNeHHBIM 00pa3oM CHCTeMAaTH-
3MpOoBaHEl X 06paboTaHbi. ]
OZHUM H3 OCHOBHEIX METOJOB 00pa0OTKH CTATUCTHYE- |
CKHMX JAHHBIX ABJsfeTcA BeIOOpouHbIit MeTox. IIpu BEIGO- ‘
POYHOM MCCIECOBAHUE U3 BCell COBOKYIIHOCTH OTOMpAIOT He-
KOTOpHIM 06pasoM ompeiesieHHOE YHCII0 00BEKTOB U TOJABKO
HX ITOABEPraioT HCCIeJOBAHMIO.
TedepajnbHaf COBOKYHHOCTh — COBOKYIHOCTDH BCEX
HccxefyeMuXx 06bexToB. [eHepanbHYI0O COBOKYIHOCTH 00-
pPa3yioT, HampuMep, Bce GOJbHBIE C NAHHBIM JHArHO30M,
BCe HOBODOXKJeHHBEIe M AeTH U T.k. O6myio cyMMy 4JeHOB
reHepaJbHOM COBOKYIIHOCTH HA3BIBAIOT €€ 00'beMOM M 060-
sHavarer 6ykeoii N. Teoperudecksm o0'beM reHepaJbHOMH
COBOKYIHOCTH HHYeM He orpaHmdeH (N — ). IToaromy
06BIYHO M3YYaeTCHd KAaKad-TO YacTh O0BEKTOB reHepaNbHOM
COBOKYIIHOCTH — BHIOODKA.
BriGopouras corokymHocTh (BhIGOpKAa) — Habop ciy-
4aiiHO OTOOPANHEIX 00'EEKTOB U3 reHePaJIbHOI COBOKYITHOCTH.

CaHutapHaa (MeauUUHCKaA) CTaTUCTHKA

CaHUTADHYI0O CTATHCTHKY MOYKHO HAa3BaTh OAHUM H3
BAXKHEHAIINX DPasfie]IoB COIWANBHON CTATHCTHUKHU, IO3BOJIA-
IOUIMX CAeJATh 3aKJYeHue O I'JIaBHOM (axTope pasBUTHA ]
CTpaHsl — O 3JOPOBbE HaceleHUSA, 0 HGe30IacCHOCTU CPeAnl
obuTaHMS A 3X0POBBS YeJIOBEKa.

Canurapaas crarucTura B CTaTUCTHUYECKOM cJOBape
TpaKkTyeTcsa Tak: «Orpacib COnMaibHOM CTATUCTUKHU, U3-
y4amomas KOJHMYeCTBeHHBIC XapPaKTePHUCTHKU COCTOAHUA
3A0POBbS HACEJIEHN S, PASBUTUA CUCTEMEI 3DaBOOXPaHeHU,
oIpefeNseT CTelleHb HHTEeHCUBHOCTH BINAHNA HA HUX COLU-
ANBbHO-3KOHOMUYECKNX PaKTOPOB, a TAKKe 3aHUMaeTCH IPH-
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JNIOYKEeHUeM CTATUCTHYSCKUX METOAOB K 00pafoTKe 1 aHaBu3y
Pe3yJibTATOB KINHWIECKHUX U JIa60PATOPHBIX UCCAEAOBAHMI .

TepMUH «CaHUTApPHASA CTATHCTHKA» YIOTpebseTcs KO-
BOJILHO PEIKO — dYalle AaHHAA 0TPac)]ib CTATHCTHKHY Ha3hLIBa-
eTCA «CTATHCTHKA 30DOBbA ¥ MEJUIIMEHCKOT0 00CIyKUBaAHUA
HaceJleHUs» .

B HacTOAlllee BpeMs B COCTAB CAHUTAPHOH CTATHCTHKHU
BXOJAT II0Ka3aTeJIH 3M0POBbA HAaCeJIeHNA, 3APABOOXPaHEeHN,
KJINHIYECKOM CTaTYLTHKHU, COCTOSHUS OKPYsKarolle# cpeasl,
XapaKTepu3yloliue CTelleHb ee 6€30MaCcHOCTH U IIO3BOJIAIO-
IUe U3MEepUTh ee BIUSHUE Ha 3L0POBLEe UejlOBeKa.

B CraTtucTuvecKoM cJoBape NEPeUUCIAIOTCA U 3a1a4du
CAHUTAPHOI CTATHUCTHKU: «...CBOEBPEMEHHOE NOJyuYeHue U
paspaboTka JaHHBIX O 3a6071€BA€MOCTH, CMEDPTHOCTH, HH-
BAJIUAHOCTH; (GU3NMYECKOM PA3BUTHH HACEJIEHUA B IeJIOM H
OTJeJIbHBIX ero IPyIIl, 0 pasMelleHu, COCTOSHUM, OCHAIE-
HHH, MeJUIIHCKUX KaJApaX YUpeKAeHNi 31paBoOXpaHeHnd,
KIMHMYECKUX ¥ Jab0paTOPHHIX UccaenoBaHnAX ». CanuTap-
Has CTATHCTHKA HeoOXOAMMa JJIs: TIOATOTOBKY deAepaIbHBIX
M PErMOHAJBHBIX IIPOrPaMM MEAHIIMHCKOI'0 O0CIYXUBAHUS
HaceJleHUs, CTPAaXOBAaHUA, PAa3BUTUSA collualibHOU WHGDA-
CTPYKTYPHI (CTPOMTENBCTBA U PEKOHCTPYKIMHU XKUJIBA,
MarasuHOB, KJy0OB, CTAAMOHOB, CUOPTHUBHBIX ILJIONIANOK
¥ T. A.); IpOrpaMM II0 oXpaHe TPyZAa, KUJININHON IporpaM-
MBI, OKA3aHHUA COLUATLHON MOMOIIHN ¥ APYIAX COMMATILHBIX
IpOrpaMM; MONYJAPH3AIMK 3A0POBOTO ofpasa KH3HU;
IPOBeJeHNs MEPONPHUATHI Mo obecmedennio Ge3omacHOCTU
OKPYKAIOIIEH cpeAsl AJA 3X0POBbA UeIOBeKa U T. A.

HcTouynnKaMu JaHHBIX CAHUTAPHON CTATUCTHKU ABJIA-
IOTCA: NepBHUYHAA YYeTHAsI MeAWIHNHCKasd AOKYMeHTauusd,
KOTOpasA eXeJHEeBHO BelleTCA B YYPEXKIACHUAX 3APABOOX-
paHeHus; CTATUCTHYECKAS OTYETHOCTh; e€JMHOBPEMEHHEIE
yueTnl, MabopaTopHble M KIMHHYECKHe BBIOOPOUYHEIE U
cnenuainasie 00caenoBanud. OTAeN CTATHCTUKHA BXOXHUT B
CTPYKTYDPY OpPaKTHYECKH KaMA0ro JedyebHo-mpoduiaKTuye-
CKOr0 YUpexXJeHHUd.

FocymapcTBeHHAs OTYETHOCTH II0 3APaBOOXPAHEHUIO
NO3BOJIAET KOJHYECTBEHHO 0XapaKTepn30BaTh COCTOSHIE U
U3MeHeHMe 370POBbs HaceleHusd.

Canmrapuas (MeJUIHUHCKASA) CTATHUCTHKA ABISETCA OA-
HOI M3 OCHOBHBIX OTpacjei CTaTHCTWYECKO HAYKM U Ba*K-
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HeWINMM MeTOAMYECKUM Das3fiesIOM COLMANBbHOM IFUTHeHBl U
OpraHu3alyy 3APaBOOXpaHeHU,

B 3azaun caHUTApHON CTATUCTUKM BXOLUT:

1) onpenesnieHne YPOBHA M CABUIOB B 30POBLE OTAEILHBEIX
TpYIII HACEJeHUA;

2) oIleHKa BJIWSHUA COLUAILHO-OHOJIOTUUECKHX (DaKTOPOR
Ha 30POBBE HACEJICHUST;

3) aHaINU3 HAHHBIX O CETH, KajApax, HeATelLHOCTU Jeuel-
Ho-TIpodunaKTUdecKkux yupexaenuid (JIIIV);

4) onpegenernue 3ddeKTUBHOCTH JeueGHO-IIPodUIAKTHYE-
CKUX MEePOIPUATHI;

5) HCHOIB30BaHME CTATHCTUYECKUX METOAOB B SKCIIEpHIMeH-
TaJlbHBIX, KJIWHUKO-0MOIOrMYECKHNX, COIMANLHO-TUITAe-
HUYECKHX HCCIeJOBAHUIX.

BaxuefimuM NPUHOMIOM CTATUCTUKM SIBJISETCA IIpHU-
MeHeHHe ee AJIA U3YIeHUA He e€JUHHUYHBIX, 4 MACCOBBIX
ABJIeHNH, 00BeAUHEHHBIX B IPYNIOBI (COBOKYIHOCTH) AJA
BBIABJIEHNA OOLIMX CBOMCTB U 3aKOHOMEpPHOCTEeH. OTH 3aK0-
HOMEPHOCTH, KaK IPaBUJIO, He MOT'YT OBITH OGHADPY KEHBI IPU
HabmioaeHny 33 eJUHNYHBIMY SABICHUSMH, 4 IPOABISIOTCA
B Matce HaOJIOneHuA.

OcHoBHBIE pa3/ieslbl CAHUTAPHOMN CTATHCTHKH (CTATHCTH-
KU 3APpaBOOXPaHEHUN):

1) cratucruka nedyeGHO-MpodHIAKTUYECKON MOMOIIH
B3POCJIOMY HaceJIeHHIO,

2) craTrCTUKA CIy:KObI OXpaHbl MATEPUHCTBA M AETCTBA,

3) cTaTHCTHKA CAaHUTAPHO-NIPOPUIAKTHUECKOH CIIYKOLI,

4) cTaTUCTUKA MEeAUIUHCKUAX KagpoB ¥ T. 1.
HcrounukaMm JaHHBIX CAHHTAPHOM CTATHCTHUKY SBJIA-

I0TCA: IIepBMYHAsA y4YeTHad MeAUIMHCKAadA JOKYMeHTaIusd,
KOTOpad exeAHEeBHO BeleTCA B YUPEIKACHUAX 3ApaBooXpaHe-
HUA; CTATUCTHYECKAA OTUYETHOCTD; eIUHOBPEMEHHEIE YIETHI;
JabopaTopHEBIe M KIMHUYECKHe BRIOOPOUHEBIE U CIIeHAANbHBIE
obcaemoBaHna. OTAeN CTATHCTHKH BXOAUT B CTPYKTYPY
npaxkTryecku Kaxgoro JIIIY. I'ocyaapcTBeHHAS 0TYETHOCTE
10 3APaBOOXPaAHEHMIO IO3BOJIAET KOJMMYECTBEHHO OXapaK-
TepPHU30BATh COCTOSHUE W M3MEeHEeHHe 340POBbA HaCeJeHU.
T'oporast orueTHOCTS JeueOHBIX M JeueOHO-NMpoduIaKTHUIe-
CKHX OpraHu3aiuii He3aBUCHMO OT OPraHM3alNOHHO-IIPA-
BOBOHM ¢opMBI U POPMBI COOGCTBEHHOCTH INpPEAOCTABJIIAET
AaHHEBe 00 ONpeieleHHbIX KATErOPUAX JIMI, HOJY4alomux
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MeAUIUHCKYI0 OMOmb, a TakKe o pabore yqpexcnennﬁ'
CHCTeMBI 34paBoOXPaHeHUA U uX 00eCIeueHHOCTH KapaMHu.
Kpome Toro, CyILecTByeT rofioBasi OTYETHOCTh, HAalleJIeHHAH
Ha cOOp AAHHBIX 10 TEPPHUTOPHAJBHEIM eAHHHIIAM. Hanpn-
Mep, «Ortuer o uncie 3aboneBanuil, 3aperuCTPUPOBAHHBIX ¥
GOALHBIX, IPOXKUBAIOIIKUX B paiioHe 06CIyXUBaHUA JIIIY »
(dopma Ne 12); «OrdeT 0 CAHMTAPHOM COCTOSHHU paitoHa,
ropoja, obiacTy, Kpas, peciyGnurmu» (hopmMa No 18); «Otuer
0 CeTH U AeATeNbHOCTH MeZMIWHCKUX yupexjenuii» (dpop-
Ma Ne 47); «Oruer JIIIY» (dopma Ne 30); «JImcrox ydera
ABMKeHUs GonpHEIX» (Qopma Ne 007-Y). Ilocnezpnme aBe
(OPMBEI OTUETHOCTH COCTABJIAIOTCS TePPUTOPUANHHEIMU OP- *
raHAMHU YIIPaBJieHUA 3APaBooXpaHeHu:. U3 TepUOAUIECKOH
. MeCsSIHOM OTIeTHOCTH CIeXyeT BeiAenuTs «OrueT 06 nHbeK-
OMOHHBIX ¥ MapasUTHYECKMX 3a60/IeBAaHUAX » (dpopma Ne 1)
u «0rdeT 0 pesyJhTATaX HCCAeAOBAHWA KPOBY HA CIIU ]I »
(dopma Nt 4). CraTucTH4ecKasi OTUETHOCTh He IIOCTOSHHA,
OHA M3MeHseTcs: BBOAATCA HOBBIe QOpMEI, Kakue-TO ¢op-
MBI oTMensiorcd. OQHAKO 5TH M3MEeHECHUA He 3aTParuBaioT
ocHOBHO# 06beM mMH(popManuu U ee cofepxanue. Obecre-
yuBaeTCs NpeeMCTBEHHOCTh COOMpaeMBIX AAaHHBIX H TEM
CAMBIM BO3MOKHOCTh aHANM3a KX M3MEHEHHI BO BpeMeHIN.
IMoxyuas uHGOPMALMIO Yepe3 CTATUCTUYECKYIO OTIeTHOCTD,
TeppUTOpUANbHEIE Opraibkl MUHHCTEPCTBA 3APABOOX PaHEHUS
Poccun ¥ cry»k65I TOCYAapCTBEHHOM CTATHCTHKH 0000IaicT
IaHHBbIE TI0 HACENEeHHBIM IYHKTaM, FOPO/aM, TepPUTOPUAM,
cy6pexTaM Defepanun, paCCUUTHIBAIOT CBOJHEIE IOKA3aTe-
JIM, AHAJIMBUPYIOT NX N3MeHeRus. [JoKasaTe BRIIOIAIOTCS
B cTaTHCTHYeCKNe cO0pHUKH ¥ nybaukylorca ['ockomMcTaToM
Poccud, perHOHAIbHBIME OPraHAMH I'OCyRapCTBEHHOM CTa-
THCTMKY B CPeJiCTBAX MAaccoBoil MHpopManmuu.

CraTucTuyeckan cOBOKYMHOCTbD,
ee 3neMeHTbi, NPU3Haku

CraTHCTUYECKAs COBOKYIIHOCTD — IPYIIA, COCTOAINAA U3
MHOKeCTBa OTHOCHTENIHHO OXHOPOAHBIX 3JIeMeHTOB (eAMHHIL
mabmoxenns). (Hampumep, rpynna onepupoBaHHBIX, Hace-
JleHMe Ha yJacTKe, OOJbHEIE CTAIMOHAPA, HOBOPOXK/EHHEIE
HA JAHHOM YYACTKe, NMANWEHTH NONMKJIMHAKY, GONBHEIE
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Ha fomy ¥ T.n.) Eqununa Ha6nogeHns — KaKaoe OTAeNb-
Hoe sABJeHHUe, NOJJeKalllee yIeTy, HaJeJeHHOe IPU3HAKOM
CXOACTBA.

B GonpminHCTBE CONUANBHO-TUTHERNYECKUX HCCIeZ0BA-
HUH YYUTEIBAEMBIMY [IPH3HAKAMY ABIAIOTCA: 110J, BO3PACT,
ceMeliHOe II0JI0XeHNe, YPOBEHb 00pa30BaHMs, JOXOJ, pasMep
SKMJINIOMIAM HA OFHOTO YesIoBeKa, Macca Teja, pocT, AJIHU-
TeJIbHOCTh IIPeOBIBAHNA B CTaMOHApE M Ap. (KOJIMYecTBeH-
Hbie NPA3HAKH, BHIDAYKEHHBIE YHCIOM). Pa3iInuaoT Takixe
(paKTOpHEBIE U PE3YILTATUBHLIC IPU3HAKH B 3aBUCHMOCTH OT
XapaKrepa BIHAHHA: KaKOH IPU3HAK HA KaKOH BauseT (Bo3-
pacT — (aKTOPHEIH NPU3HAK, & POCT — PE3YIbTATUBHEI).

Moka3zarenn neatenbHocTh JINY

MeTtogamu 06paboTKM MEAMKO-GHOIOTHYIECKUX HCCIEHO-
BaHMII ABJIAIOTCS METOABI PACYETS CPEAHMX ¥ OTHOCUTEIBHEIX
BEJIWYNH.

OCHOBHBIE IOKA3aTENH, OIPEReNAONINe AeATeNbHOCTD
.HIIS{; un DAII:

e yaedbHBIA Bec mocermmenuii JITTY HacereHreM;

® 0XBaT HaCeJIeHNUA UeJeBEIMU OCMOTPAMH I BHIABJIE-
HuA TyOepKyesa;

® OXBAT JUCHAHCEPHBLIM HaGI0OAeHUEeM;

® CpeAHET0AO0Bas 3aHATOCTH KOMKH;

® CpeJHASA ANUTEeNbHOCTH NpeOhIBAHUA GOJLHOIO Ha
KoiiKe;

® 000pOT KOMKU;

® GOJIBHUYHAA JIeTAIBHOCTD U T. A.

[Toxazarenu AeATeIbHOCTH MeJUIMHCKUX y4peKaeHMit
TO3BOJIAIOT HPOBOAUTE SKOHOMUYECKUII aHAINS JedTelIbHO-
ctu JIIIY. Hanpasnesus sKOHOMHYECKOTO aHAJIHA3A:

¢ Ucnonrp3oBanue ocHOBHEIX (OHIOB,
* 3ddeKTUBHOCTD HCIOIB30BAHUA KOEYHOro (oHAa.
¢ 3ddeKTHBHOCTh HCIONB30BAHUA MeIUIMHCKOr0 060py-

JOBaHHUA.

» Onenka GMHAHCOBLIX PACXOJOB M CTOMMOCTH MeJUIIMH-

CKOH IIOMOIIH. .

¢ 3b@PeKTUBHOCTD MCHONB30BAHUS MEJNIMHCKOrO ¥ IIPO-
4ero nepcoHasa.
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OcHoBHBIe GOHABI — COBOKYIIHOCTH NPOM3BEJEHHBIX
06IIeCTBEHHBIM TPYAOM MATepHAJILHO-TeXHHYECKHX LeH-
HOCTel, HCHOJB3YyeMBIX B TedeHHe AJHUTEJbHOTO IepHoAa
¥ yTPauMBAIOIIAX CTOMMOCTH 1o dacTaM. CyuiecTsyeT He-
CKOJILKO KJaccurKamuii: npon3BOACTBEeHHEIe N Henpona-
BOICTBEHHBIE; 10 BUAaM (Ipynnam) 1 T.XA.

B COBOKYIIHOCTH OCHOBHEIX (POHAOB BEIACIIAIOT aKTUBHYIO
¥ MAaCCUBHYIO 4acCTh.

AKTHBHAS 9aCTh 4— HEIIOCPEICTBEHHO BO3JeHCTBY IO
Ha OPOAYKT TDPYAa, OUpefesiseT MacImiTab IpOM3BOACTBA U
YPOBEHDb [IPOM3BOJUTENBHOCTH PabOTAOIINX.

ITaccuBHAA 9acTh — OCHOBHBIe (GOHIBI, KOTOPhIE CO3-
IaioT HeoGXOoAMMEIe YCIOBUA AJIA Mpouecca TPyAa: 3AaHUsd,
coopyxenus u T.A. COOTHOIIEHWEe aKTUBHOH U IaCCHUBHOM
YacTH — BelIWYWHA NepeMeHHAas, 3aBHCAINAA OT OTPaciIu
IIPOMBBOJCTBA, €e TeXHUYECKOW OCHAIIEHHOCTH W APYTHX
daxTopos. B 3apaBooxparenuu Poccuu cuuraerca HOpMO#
IoNA aKTUBHON yacTu He MeHee 20%.

AHaJM3 WCHOJB30BAHMA OCHOBHBIX (POHIOB Je4eGHOTO
yupesxaeHus MPOBOJUTCA 1O (opme rofOBOro OTYETa Ne 5
«JIBHKeHMe OCHOBHBIX CPEJCTB» (OCHOBHBIE CPe/ICTBa — ITO
ocHOBHbIE (QOHIBI B JeHEXKHOM BhIpakeHuu). OCHOBHEIE
IpYMeHsAeMble II0Ka3aTeNn:

diomxonoopyolcennoc'rn TPya IepPCOoHAla — IIOKas3a-
TeJb, XaPAKTEPU3YIOLINil YPOBeHb TEXHUUECKOH OCHAIIEH-
HOCTH TPYAOBBIX IIPOIECCOB, BEIWIMHY OCHOBHBIX (POHJO0B
Ha ogHOro paboraromero.

®OoHI0BOOPYKEeHHOCTh METHIITHHCKOTO nmepconaia —
PACCUNTHIBAETCS 110 OTHOIIEHMIO K AKTHBHOM JacTH OCHOB-
HBIX (QOHJOB.

dorgooTRava — 00006IIaroIMii nokasarenb sddex-
THBHOCTH BOCIIPOM3BOJACTBA ¥ HCIIOJb30BAHNA OCHOBHHIX
($oHA0B, BEIPAXKaeTCA B HATYPAJIbHOM ¥ CTOMMOCTHOM BBIPA-
sKeHUH, OTAENBbHO [IJis CTAIlOHAPa U NMOJMKINHUKI.

B HaTYpaJIbHOM BEIDA’KEHHH ONPeAeIAeTCsA OTHOMEHNEM
qpesia IPoJedeHHBIX (FOCHHTAIN3MPOBAHHBEIX CTaIfHOHApa
MM OGPATHBIIKXCS B IOMUKJIMHUKY) K CTOMMOCTH OCHOBHBIX
doxz0B (Ha 1000 py6.). B crouMocTHOM BhipaXKeHud — 3a-
TpaThl Ha cogep:xanne JIIIV, npuxogamuecs Ha 1000 py6.
OCHOBHBIX (POHJIOB, OJHAKO NAaHHBIH MOKA3ATENb HMEET
MeHbIllee 3HA4YeHUe, '
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PoH0eMKOCTE — CTOMMOCTb OCHOBHBIX IIPON3BOACTBEH-
HBIX QOHZ0B Ha eAUHUILY 0G’beMa IPOU3BO/ICTRA IPOAYKINY,
BeIn4KHa, o0parHaa GOHJOOTAAaYEe, OTHOLICHHUE CTOMMOCTH
OCHOBHBIX (DOHJOB CTammoHapa (HONMKIMHUKHM) K THCIY
npoJiedeHHBIX Ha 1000 genogex.

O6HOBNEHNEe OCHOBHEIX (DOHAOB — XapaKTepU3yIOT TpHU
[IOKa3aTesa: KO3 (PUIMeHT BHIOBITHA, KO PHUIeHT 06HOB-
JIEHNA ¥ KO3Q(PUUOUEeHT HAaKOIJIEeHUS. JTajloH OOHOBICHUSA
12-15%.

PenTabeIbHOCTE OCHOBHBIX (DOHZOB — 3TO OTHOIIEHME
npubLLIM K CPeAHEro0BOi CTOMMOCTY OCHOBHBIX tdorzmOB B
py6iax, BEIpaKeHHOE B IIPOIEHTAX.

I deKTHBHOCTD HCHOAB3IOBAHUA KOEYHOIO donrma
aHAJM3UPYETCA Ha OCHOBE CIEAVIOIMMX HCTOYHHKOB WH-
dbopmannu: «Oryer JIIY» (hopma Ne 30) u «JIucTox yuera
ABMXKeHNs GoabHBIX» ((opma Ne 007-y). Hcnomsayemnre
TIOKa3aTeNn:

— OGopor GorpHAYHOM KOHKM — XapaKTepHu3yer YMcieH-
HOCTB G0JILHBIX, HAXOAUBIIKXCA Ha G0JILHUYHOM KOiiKe B
TeueHNe roAa (418 ropoACKHX CTAIHOHAPOB ONITHMAIBLHO
17-20):

Yucio mposiedeHHBIX GOMLHBIX / CPEXHEI0A0BOE YHCIIO
KOEeK.

— DyHKIuA 60NLHUUHOM KOoiikn (D) — IITAHOBHIA TOKA34-
Tellb, OTPAKAIOMIMI BOBMOKHOCTE O6GCIYKHBATh ONHOM
KOMKOU onpeseieHHOE KOJINYECTBO GOMBLHBIX, PACCINTEI-
Baercs @ =[] / II, roe A — cpeanerogoBad 3aHATOCTD
KOMKH ¢ yderom npodmus, IT — cpeanee umcio ameit
upebLIBaHNA Ha KoliKe.

— CpenneromoBas sanarocts (pa6oTa) KoMKH — omnpeze-
JIFAeTCA KaK OTHOLIEHMe YHCJa (PaKTHUECKH IpPOBejeH-
HBIX GOJNBHBIMH KOMKO-gHel K CPeJHEerof0BOMY YHCIY
OONBHUYHEIX KOeK.

Onenupaercs myTeM cpaBHEHUA ¢ HOPMATUBHBIMH IOKa-
3aTeJIAMU, KOTOPbIe 3aBUCAT OT CHENMANLHOCTH, YPOBHA U
tuna JIIIY (ropoxackoe, cenbckoe), MOILIHOCTH H APYrux
(bakTopoB. OnTUMAaNEHAA 3aHATOCTH KOMKH OIpeneIseTcs:

__365K rae [ — cpepsee 4uciIo AHei paboTH KOHKY
E+3JE’

B rofy, K — cpexneronoBoe 4ncio KOEK B CTallHOHApE.
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IloxasaTenh MOXMET OBITH 3aHMMKEH IO O0BEKTHBHBIM
IpWYMHAM: BHIHYK/JCHHEIH IPOCTOM B CBA3H C PEMOHTOM, Ka-
pPaHTHHOM H T.A. B 3THX clydasx BHIYUCIAETCA MOKa3aTelb
paGoThi PyHKIHOHHPYIOIIEH KOHKH 110 crenylolei cxeme:

1) Pacuer cpeJHero 41cia KOeK, CBePHYTHIX B TeUeHIE roAa
= yHCO AHeH 3aKPHITHA Ha PEMOHT / YHMCI0 KajleHAap-
HBIX JAHeH B I'oAy;

2) OnpeeneHve yucia KoeK, QyHKIMOHUPYIOIIUX B Tede-
Hue roja = cpeJferofosoe 4HCIO KOEK — YHCIO KOeK,
CBEpHYTHIX B TedeHHUe ToJa;

3) Pacuer noxasaress paGoThl KOUKHM ¢ YUeTOM 3aKPBITUS Ha
PeMOHT = UHCJIO KolKo-AHei, GaKTU9eCKH IPOBEJEHHBIX
GonbHEIMY / ducio GYHKIMOHUPOBABIINX KOEK.

— Cpennee BpeMs IPOCTOA KOEK — BpeMs OT MOMEHTa
0cBOGOKACHUA KOMKY BBHIIMCAHHBIM A0 3AHATHA BHOBBL
nocTynuBMMM (B CBA3M ¢ 060poTOM).

365 - .
T = ié_ﬂ , rie [ — cpeaHerofioBas 3aHATOCTh KOMKH

nanHOrO IpodMIst, P — QYHKIUS KONKK JAHHOTO npoduis.
ITpocToit KOXKY OLeHNBaeTCA MyTeM CpaBHEHHS ¢ HOpMa-

TUBHBIM MJIM ONpeJie/IeHHBIM B KadeCTBe OIITHMAJIbHOTO AJA

xaHHOTO yupeskaeHus. CpegHee BpeMsA NPOCTOA KOEK BbIIIE

ONTHMAJBLHOTO BeAeT K SKOHOMMUYECKOMY yieply, MeHee

(BILUIOTH N0 OTPHLATEIHLHOrO 3HAUEHUs) — K Ieperpyske u

HapyIIeHWI0 CAHHTAPHOTO peXxuMa.

— BourosHenne ILIaHA KOMKO-AHeH 0 CTAlMOHAPY olpeje-
JISIeTCA B MPOIEHTAX KAK OTHOIIeHHe YuCIa PakTHIeCKH
NPOBeICHHEBIX GOJIBEHBIMYU KORKO-AHEH! K ILIAHOBOMY YHCITY
Koiiko-auell. TIIaHOBOE YHCHO MOXKET ONPeAeNATHCA HOD-
MATHBOM 3aHATOCTY KOHMKM B 3aBUCHMOCTH OT IPOQPUII
MeUIIMHCKOH IOMOIIM ¥ YPOBHA ee oKasaHusd. B coBpe-
MEHHBIX YCJIOBHAX 06BEM AeATENBHOCTH B KOMKO-THAX
yacTo IUIAHKpYeTCcs Ha ocHoBe 3ajanus JIIIY no peann-
3aIl¥¥ OPOTPAMM IOCYAAPCTBEHHBIX TADAHTHA OKA3AHNUA
HACeJICHHIO GeCIIaTHON MeAHUIUHCKON ITOMOIIH.

— CpeasAs AJXMTEJNBHOCTh NMpebbiBaHMA GOJLHOrO B
cramyuoHape OIpefieldeTcd KAK COOTHONIEHWE HHCIA
KOiKo-IHell, TpoBeJeHHbIX 60MbHBEIMY B CTAIIIOHADE, K
quCIy MpoJIedeHHRIX G0JbHBIX. 3aBUCHT OT THIA U IIPO-
s 6oNbHUIL], OPTaHU3aNMH PaboTh!, HHTEHCHBHOCTH
1 KaudecTBa JieqeOHO-AMATHOCTHIECKOTO NpoIiecca.

326




Hns ananusa 3¢ beKTHBHOCTH MCIIONB30BAHMA MeXM-
UHHCKOTO 000pyZOoBaHHA IieslecoObPasHO HCIOJB30BATH
CJIeRyIONIHAe NoKa3aTesIn:

— KoadpunueHT kaNeEAapHOro 06CIy;KHBAHNA — OTHO-
INfeHNe BpeMeHH BO3MOKHOI0 MCIIOIL30BAHMSI MeUIIH-
CKOil TeXHHKH B COOTBETCTBHHM C PexxuMoM paboTsr JITTY
K KaJICHEAPHOMY 4ucIy AHeil B roxy (zopmarus — 0,9).

— KosdduunenT cmennocTH — uncna GakTHIECKUX YacoB
paboTsl MeAUIMHHCKON TeXHUKH K YHCIY MaKCHMAaJIbHO
BO3MOMKHEIX YacOB PaGoTH MefUIMHCKON TeXHUKH IO
HacIOPTHLIM AaHHHIM (HopMmaTtus — 0,6).

IIpu amanusze 3¢)GeKTHBHOCTH HCIIOIH3OBAHMA Me-
AMIHMHCKOrO IepCOHAJa MCHOJB3YIOT cIAeRYION[He HOKa-
3aTeJu: (

— Yncao meguuunckux paGoraukos Ha 1000 :xureneii
(1o BpauaM u cpegHeMy MeANEPCOHATY).

— CooTHOmeHMe YHCICHHOCTH Bpaued M CpegHero Men-
IepCcoHaNA.

— Yucao MmepHnuHCKUX pabGoTHuKoB Ha 100 Koek cranu-
oHapa (110 BpayaM M cCpeJHEMY MeJNepCOHANY).

— IIpou3BOgHTEABHOCTH TPYAA — JOXOAKEI OT PeaIM3aMK
MEAUUMHCKHX YCAYT K YUCIeHHOCTH paboTanmux, yda-
CTBYIOINMX B MOJIYUEHHH 3TOr0 AOXOZA.

IToxasarenn cpaBHMBAIOTCA B AWHAMHKE 3a HECKOJBKO
JIeT ¥ C APYTMMH OJHOTHIHBIMH YYPeKJeHUAMA.

Onenxa ¢pUHAHCOBRIX PACXOZOB ¥ CTOMMOCTH MeAUIVH-
CKOH oMoy —— 3TO BaKHEMINUH# KOMIIOHEHT 3KOHOMHYe-
CKOTro aHaamusa aeartenbrocTH JIIIY. OcHOBHEIME nOKasaTe-
JIIMH ABISIOTCA CTPYKRTYDPa GMHAHCOBRIX PacXo/oB U cebe-
CTOMMOCTh MEAHOHHCKHX YCAYT, 4 TAKXe peHTabelbHOCTH
nesarenpHOCcTH. IloKasaTenn yAeNbHOrO Beca OTAeNBHBIX
BHJOB 3aTpar (3apaboTHAA miIaTa, pacXoAkl HA MUTaHUe, HA
MeIMKAMEHTRI) OIpPeJeNAnTCa OOLIUMK MEeTOAaMu B IpPO-
nenrax. [lokaszarens peHTaGeIBHOCTH PACCIMTHIBAETCH KaK
COOTHOILIeHKe MPUOLLIM (HO0X0Aa) OT AeATEILHOCTH K 06IIeMy
obpeMy peannsanuu.

KpuTepnn Jis XapaKTePHCTHK HEKOTOPHIX IOKAa3aTeaeH

e X0OpoIINM IIOKa3aTeJeM YYACTKOBOCTH cumTaerca 80—
85%, cmepyer yuYuTHIBATH, UTO UeM BHIIIE IOKa3aTellb,
TEeM NpaBMILHEE OPraHM30BaHa pabora.
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e VeIbHBIA Bec NMOCEIeHNH, CAEIaHHBIX CeJIbCKHMMU JKUTe-
NAMHU, He JoJxKeH ObITh Gonee 7% . OH cBUAETENE CTBYET
o6 o6peMe JeueGHOM MOMOIIH, IOAYyYaeMoll CeIbCKUMNI
JKUTENAMHA B FOPOJCKUX 0OJNbHUIAX.

o OXBAT HACEJIEHHUS IIeJIeBEIMY OCMOTPAMMY JJIA BEIABICHHA
TyGepKyJie3a He JOJKeH ObITh MeHee 50% , Tak Kak Bce
TpyAocmocobHoe HaceseHne 06513aH0 IPOXOLUTD €XKETO-
HO (uriooporpaguyegKuil OCMOTP.

» CpeniHerofoBas 3aHATOCTh KOMKM IIOKa3aHa B rabrune.

Percomermyelvlme NIoKa3aTeJin 3aHﬂTOCTﬂ-KOflKH ’
B CTaMOHapax pa3jJaMyHOTO THIIA N IIpOd)llJlﬂ

Ne Tun yupexgenus (OTAeNeHNA) PaGora xoikn
n/n (zEefl B rox)
1 |VuacTxoBble GONBLHEILI 310
2 |IIPB 310340
3 |Topoxckme GONLHALBE 320—340
4 |Crernanu3upoBaHHBIE CTAIIMOHAPERI 330350
(ornenenns) .
5 |PogunbHble foMa 280--300
6 |(®rusmaTpUYecKHNe CTallMOHaPBI 350
7 |HudexnuoHuble HOTBHHULLI 300-310
8 |IIcmxmarpuueckue CTalMOHADHL 360
9 |Jerckue ropopsckue G0JILHULLI 335
10 |Herckme obmacTHbIe GOILHUIBI 335

KETELTT
1A CaMOCTOATENbHOI paboThi

Nz 152. .
O3HaKOMbBTeCh C NMOKA3aTeIAMHY, ONpPeAeHAONIMHA Aed-
TeJbLHOCTH PAGOTHI MONNKINHNKA!
1. CobroieEne IPHHINIA YYACTKOBOCTH B paGoTe ydacT-
KOBBLIX Bpaueil B MOJIMKINHUKE:

Yucsio mocemeHnil JKUTEIAME YIaCTKA | 100%
CBOEro y4acTKOBOTO Bpada

Ypcsio mocelne i, ceNaHHbIX XKUATENAMH p-Ha
o0Ccay XKUBAHUS NOJ-KH, K TepaneBraM
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2. YnenbHBIN Bec NOCeIeHMIl, CAeTAHHLIX CeTbCKUMH KM~
TEeJISMH:

Hucno mocemeHnit ceIsCKAMU 100%
JKUTEJIAMH TEeDAIERTOB ’

O6mee umciIo mocelnenuit K TepameBTam

3. OxBaT HaceJleHUs LeJeBEIMA OCMOTPAMH IS BEISBICHUS
TyOepxynesa:
Hucno ocmorpeHHbIX Juy, (Ha Tybepkynes) - 100%
YucreHHOCTh HaceJIeHUA

4. OxBar AHUCHAaHCEPHEIM HabTIoKeHNeM (A3BeHHAs Gore3Hb):

Yucao 60MBHBIX, COCTOAIIMX HA JAUCIIAHCED- 100%
HOM y4eTe Ha KOHeI OTYeTHOTo roja 0

Yucno GoNbHBIX, HOANEKAIINAX AUCIAHCEPASALNY

5. CpegHerozioras 3aHATOCTH KOMKH:

Yucno koiiko-gHeH, GaKTUIECKH IPOBELEHHOE
? 60NBHBIMH B CTallHOHApE

Hucno cpeHEroOBLIX KOEK

6. Iloxasarens cpefHell AIUTENHOCTH MPeGHIBAHUA GOJD-
HOTO Ha KOiKe:
Hucno KOHKO-AHEH, aKkTHIEeCKT
NIpOBefieHHOe GOJIPHEIMU B CTAIlIOHADE

Yncno BLIGBIBIHINX GOJILHEIX
(BBINIKCAHHEIX + YMepPIIHX)

7. O60poT KOMKH:
Yucno BLIOLIBIINX GOJIBHBIX
Yuciio cpeAHErofoBLIX KoK

8. IToxasaTeysb 60JbHUYHON JIETAIBHOCTH:

Yncno ymepmux - 100%

Hueno BEIGBIBIIMX GOTBHBIX
(BBIIECAHHHIX + yMepImIuXx)

'
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U olpejeiNTe KadeCTBEHHEIe IOKA3ATENHU JAeATeNbHOCTH
MOJVKJINHUKY ropoja B., o6enysxusaromeii 50 Toic. Haceye-
uusa. B ordere 3a 2005 r. ykasaHo, 4TO KUTEJAMH 34 I'OX K
repanesTaM caerano 130 000 mocemennit, U3 HUX K CBOUM
yuacTKoBEIM BpadaMm — 90 000. Oxazana MeJUIIMHCKAA 1O~
Momrb 8000 KHUTEIAM CeIbCKUX NPUTOPOROB (IPHIHCAHHBIX
Kk Gonpuune). IIpoBefileH LeeBOl OCMOTP AJIA BhIABIEHHA
Ty6epkyaesa — 2500 uesosex. M3 300 saperucTpUpOBaHHEIX
G6oMbHBIX HA AUCITaHcepHoe Habmiogerue B3ATO 150 GoB-
HBIX SA3BEHHOH GOJEe3HBIO XKeIyAKa H ABEHAAINATHIeDCTHOM
KUKy, B cranyonape, NpUKPEIUIEHHOM K IOJIHUKJIXHUKE,
4088 GonpubiMH (43 Hux 143 ymepmnx) nposexeno 65 410
KOHKO-fHel, YUCI0 CPefHEerofioBHIX Pa3BepHYTBIX KOeK
65110 190.

Ne 153.
PaccMOTpHTe HOKasaTenu AeaTeldbHOCTH paborer DAII
¥ BBIUMCIHUTE UX [JIA YCIOBUSA 3afadM:
1. Yncno nocemennit PAII sa 1 XKurend B rox:
Yncao nocemenuit ®ATI ga 1 KuTeNA B roj
Ymucio sxureneit

2. Harpyska ¢enbaniepa Ha NpueMe B dac:
Yucao nocemenuii ®AII s roa:

Yncso oTpaboTaHHBIX 4acOB Ha NpueMe - YnCJ0
pabounx xHeit B roxy

3. Harpyska (pem,zxmépa B JeHb:
‘ Yyemo mocemieHAH B TOJ,
Uneno pabouux AHeH B rofly

4. Harpyska densamepa Ha ZOMY B JeHb:
Yncao mocemeHui Ha JOMY B TOJ
Yucno pabounx JHel B roay

5. VaenpHEIA Bec NOCEIeHNH Ha JOMY:
Hucno nocemesnii Ha JOMY - 100%
Ypucno nocemenuit ®AII + qucio nocemennit Ha foMy )
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6. YaenbHrIii Bec 3a60jeBaHMil aHrMHOI:

Yucno crydaes anruael - 100%
Yucno Bcex 3abosieBaHMin

7. YaenvHBIH Bec 3a0oeBaHM#l rHMIepTOHMYECKOH 00Jies-
HBIO:
Yycno ciydaeB runeproHudYeckoil 6omesun - 100%
Yucno Bcex 3a60ieBaHUMA

8. CpexgHee 4YMCJI0 NATPOHAKHBIX IIOCEIIEHWH Ha AOMY K
IeTsIM B BO3pacTe A0 3 JerT:

Yucmo MaTPOHAMKHBIX TIOCEIeHUI HA AOMY
Yucio gereit xo 3 et

B roxy B cpepnem 275 paboumnx aHei.

OnpefennuTe IOKa3aTelN HATrPy3Ku (eibAurepa U jAed-
reabHOCTH PAII c. ITokposekoro. B 2010 r. umcino sxuTenei
cocraBiaano 500 wenosex, gerei xo 3 netr — 20. Pensppmep
BefieT ipueM 3 uaca B JieHb. JHCIO nocereHnii K Gensaiepy
cocraBuo 2200, uucao nocemernuii Ha aomy — 500. BsI-
sasieno 600 sabGoxeBanmit, n3 HUX 24 ciayuasa saboseBaHnsa
auruHoO#, 12 ciydyaeB rumepToHMYeckoil Gosesnm. Ymcio
MaTPOHAYKHLIX IOCEIIeHU Ha AOMY K AeTAM A0 3 JIeT co-
crasuio 420,

Ne 154.

Ompegenute KadeCTBeHHBIE ITOKasarenan paboThl Tepa-
NEeBTHYECKOI'0 OTAEJCHUA CTAllNOHAPA TOPOACKOH GOIbHUIIEI
Ne 2 ropoga H. B 2010 r. B TepalleBTHYECKOM OTAEJIEHHUH
66110 130 Koek. Brmmucano 3a rog 2700 GonbHEIX, yMepJo
300. IIpoBeaeHo B oTaeneHuH BceMH OoapHEIMEH 45 500
KOHKO-IHEeH.

N2 155,

OnpegennTre IMOKasaTeJH Harpysku dexnpiliepa u fge-
areasuoctn PAIl ¢. Huxonaesckoro. B 2005 r. umeao
sureneil cocrasnano 800 denosek, gereii no 3 Jer — 90.
Ha nucnancepHom ydere Haxogmiaoch 25 GepeMeHHBIX, 25
poaunbHul. Penniiep BegeT NpueM 4 yaca B AeHb. Unciao
mocemennii K ¢enspamepy cocrasmio 3200, wHcio moce-
meHu Ha aoMmy — 1600. Briasneno 700 3aGosesanuii, u3
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Hux — 21 cayuail pagukyauta. Yuciao naTpoHa*KHBIX IIoce-
ImeHMI Ha JOMY K AeTaAM o 3 jeT cocrasuio 810. .

Ne 156.

OnpepenuTe KadeCcTBeHHbIe MMOKa3aTeau PaGoOTHl IOJIH-
KJIMHWIECKOro OTAeIeHUsa ropoAcKoil 6oapHUIBI Ne 2 ropo-
na H. B 2005 r. moJuKINHIKA OKAa3klBajla MEAUIMHCKYIO
nomomb 30 000 xurenam. ObIiee KOIUIECTBO NOCEIIEHUA
K TepameBTaM COCTABHJIO 60 000, u3 mux 12 000 cxenxano
cenbCcKUMHE xuhensmu. K cBoMM yd4acTKOBBIM BpadaM 00-
paruiock 48 000 Hacenennsa. OcMOTPeHO AJA BEIABJIEHUA
TyGeprymesa — 3000. 3aperuncrpupoBano 450 GOJIBHBIX
peBMaTUsMoM, u3 HuX 450 cocToAT Ha AUCIAHCEPHOM Ha-
OJII0/IeHU .

Bonpocb! no Teme

1. Ymo makoe mamemamuieckas cmamucmura?

2. Kaxue 3adauu pewaem mamemamuiecKkas cmamuc-
muxa?

3. Iepeuucaume 3mansv. CMAMUCMULECKO20 uccaedosanus.

4. Ymo usyuaem canumapHasa cmamucmuka?

5. Ilepevucaume OCHOBHbiE noKasameau, onpedenanujue
deamenvrnocms pabomol JIIY u PAIIL

Tema 4.4. CratucTnyeckoe onpepenexme
BEPOATHOCTH. BbibDOpoUHbIA METOR

@) : Tepmutbl

e BapuanT BeIGOpKHM

e O6beM BHIGOPKH

e Pazmax BeiGOpKH

e OTHOCUTeNbHAA YACTOTa COORITHA

e YacToTa caydaiHoro cobbITHsS

¢ ITonuron

o MareMaTnuecKoe OXKUAAHAE TUCKPETHOM CIy4aitHON BeIHIHHE
e BapuanuoHHLIi pAX
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OCHOBHbIE NOHATUA

OcHopHBIMU NOKAa3aTeNAMH BHIGODKH ABIsIOTCA: 1) Ba-
puant; 2) o6sem; 3) pasMax; 4) yactora; 5) oTHOCHTENbHAS
JacToTa. _

Bapuanr — KonuuecTBeHHOe 3HAaUEeHME 3JEMEHTA BbI-
60opKH.

O6pem BrIGOpKH (GyaeM 0603HAUATE OYKBOH 1) — umMCII0
00beKTOB BEIGOPKM (Hampumep, ecau us 10 000 crygenToB
AN KOHTPOJBHOH (irooporpaduu oro6panst 100 cryneHTOR,
TO 060BeM reHepaIbHOM COBOKYNHOoCTH paseH 10 000, a o6mem
BeIGOpKH pasen 100).

Pazmax BBIGOPKH — Da3sHOCTH MeXKAY HAMGOIBLIIAM I
HaMMEeHBUINM 3HAYeHUAMHU YHCI0BOI BeIGOpkU (Gyxksa W).

Yacrora 3HaueHUS BBIGODKHM — KOJHYECTBO AAHHOTO
BapuaHra B BeIGOpKe (7).

OTtHOCHTEBHBIE YACTOTHI BHIGOPKH (p,) — aro0 OoTHOMWIE-

n.
g L, %2 B
n n n

Eciu 13 remepanpHOii COBOKYIIHOCTH NOIyUeHA BHIOOPKA
obbeMa n, IpuyeM X, HOABNAETCA B Held n, pa3, 3HaYeHUe
X,—n, pasa u T.h. B atom ciyuae uucna NysMy,.... N, HA3BI-

n
BaOT 4aCTOTaAMM 3HAYCHHSA Bmﬁopxu, a4 OTHOIIIeHHuA -1 ,
n

n, n
—2 | L OTHOCHTEIBHBIMM YaCTOTAMM 3HAYCHH BBIOODKH.
n

n

IIJIH YacTOT ZXOJXKHO BBIIIOJHATLCS YCJIOBHE: n, + n,+..
+ n,=n, a Ansa OTHOCUTENBHBIX YaCTOT

n.
ﬁ+£2—+...+—’=1.
n n n
Bapuaunuonnsni pax npeacrasiser co6oil HeyGhIBaio-
IIy}0 YHCJIOBYIO MOCHeN0BATeNbHOCTh. JII06YI0 YHCIOBYIO
BBIOOPKY MOXKHO 3allCaTh B BULE BAPHAIIMOHHOTO PSAA.
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BapuayuoHHbLM pAGoM BBIGODKH X, Xy ws X, HasLIBAeTCH
crocob ee 3aIicH, IPH KOTOPOM 3J1eMEHTHI YIOPSIAOYMBAIOT-
¢s IO BeJIM4InHe, T.e. 3aIUCHIBAIOTCA B Bi/ie nocjexoBaTelNlb-
goety x0, x@, ..., x®, rge xM < X < ... x™.

CraTHCTHYECKHHl pAj — I0CNeA0BaTeJbHOCTS nap
(x,,1,), (xy515)5 s (x,n) MWIK TPOEK YUCEN (x;, 1y, Py
(x5 By Dy)s w» (x, s p)- OGBIuHO cTaTHCTHYecKuil psay 3a-
MHCHIBAIOT B BUAE Ta6auIbl, TAe X, — 3HAUeHUs BapHaHTa
BBIGODKH, & 1, — YacTOTHI 3HAUEHU BuIOOpKH, p, — OTHO-
cuTelbHble YACTOTHl BBIOOPKH.

x | x, [ - | X
n, n, - n,
P, D, b

IIpumep 1.
Iana BeIGOpKa: 1, 10, -2, 0, -2, 5, 1, 10, 1, 7.

o

CocTaBbTe BaApUAUVOHHBIN U CTATHCTHAYECKHH DAABL.
Pewenue:

BapualoHHbIA pAA: -2,-2,0,1,1,1,5, 7, 10, 10.
CrarucTUyecKuil pAn:

X -2 0 1 5 7 10

1

n 2 1 3 1 1 2

i -

P 0,2 0,1 0,3 0,1 0,1 0,2

KosmuecTBO BapHaHTOB: 6.

O6nem BpiGopkH: 1 =10.

Pasmax BeiGopxm: 10 - (-2)=12.

IIposepka: & n,=n=10, X p,= 1.

BriGopouHOe pacnpefeseEHe 3aIUCHBAIOT B Buze Tab-

n;
JINAIBL, TAE X, — 3HavYeHudA BEIOODKH, & - — OTHOCUTEJbHBIE
n

9aCcTOTHI 3HAUEHUA BHIGODKH.

x | X, | - X,
R
n n n
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B MareMaTH4eCKOH CTATHCTHKE BBOJAATCA UHCJIOBBIE
XapaKTEPUCTHKH BHIOODKH AHAJOTMYHO YHCJIOBEIM XapaK-
TEPUCTHKAM CIYUANHLIX BEJIMIMH B TEOPHM BEePOATHOCTH.

ITycTs uMeeTcs BBIGOPKA 00BEMA X, X,, ey X,.

BrIGOPOYHEIM MaTeMaTHYeCKUM oxupanueM (Bbi6o-
POYHEIM CDEeIHHMM) HA3HIBAIOT CPejHee apudMeTHUIECKOe
BLIOOPKH:

XY txyt.tx,
n

X

Ecom BrIfopKa 3afaHa CTATHCTUYECKUM PAXOM, TO
¥ - X, +nX, +...+n,X,

n
IIpumep 2.
Haua BriGopra 1, 2, 3, 4, 5. Haligure BpIOOpOUHOE
cpexHee X.
Pewenue:

—X—=1+2+3+4+5=15

— = 3.
5 5

Mpadmyeckue n3obpaxenua BbiGopku

JI7s HarmsagHOTO MpeICTaBIeHUA BRIOOPKH YacTO UCIIOMb-
3yIOT pasnauuHsie rpadudeckme uzobpaxkenusd. IIpocTeiim-
MU rpadpuYecKEMHN M300pasKeHUAMHU BHIOODKK SBJIAIOTCS
MOJIMTOH M rucrorpamMMa. IlycTs BHIOOpKa 3afaHa cTaTHde-
CKHM psajoM: (x,, 1)), (x,, n,), ..., (x;, n,). lloruronom BeI-
OOpKM HA3BIBAETCA JIOMaHa#d JUHUA, KOTOpas HAIJIATHO
WILIIOCTPUPYET CTATUCTHYECKOE PACIIpefeieHre AUCKPEeTHOM
craydaiinoii BeauuuHbl. CyIIecTBYyeT ABa BHJA IIOJUTOHOB
BBIGOPKH: IOJIMIOH YacTOT (X,, 71,) ¥ IIOJIMI'OH OTHOCATEIbHBIX

n.
gacTor (x;, —).
n

Ioanrox BeIGopkHN npumepa 1.
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3 7 2 3 i $ i '
T T T T T T T T T T T L g

-2 01 5 7 10

'

1o/ IUTOH TO3BOJIAET YBUAETh HauGosIbinee (HaHMeHbIIee)
3HAUeHMe BEeJWUYMH, AUHAMHKY M3MEHEHHS JMCKDPETHON
cJlyuaitHOH BeNWYMHLI, PAsHOCTh MeXKJy HaMGOJIBIIMM U
HAaUMMEHBIIMM 3HAYEeHUSIMH U T. X., B 3aBHCUMOCTH OT TOTO,
410 HeoOX0AUMO HalTH B 3ajave.

3apgaHus
ANA CaMOCTOATENbHOM paboTsl

Ne 157.

BanuiuTe B BUe BAPHANMOHHOTO M CTATHUCTUUECKOIO
psanos BeIGOPKY: 5, 3, 7, 10, 5, 5, 2, 10, 7, 2,7,7,4, 2, 4.
Onpegnenure o6beM U pasMax BhIOOPKH. Brraucaure mare-
MaTHJYecKoe OKHjaHue, IOCTpoiiTe MOJIUTOH YAaCTOT.

Pexomendayuu K évinoaHenulo sadauu:

MaTeMaTHUeCKAas CTATHCTHEKA MO3BOJISAET MOIydaTh 060-
CHOBAaHHBIE BBIBOABL O IIapaMeTpaX, BHJAAX paclpefeleHHN
¥ ApYTHX CBOMCTBaxX CIyYaflHBIX BEJWYMH IIO KOHEUHOM
COBOKYIHOCTH HabI0fleHuit HAJl HUMKM — 6bl00pKe.

Bapuayuontbim padom 6b100PKL X, X,, ..., X, HASBIBAETCH
crocof ee 3amycH, IPY KOTOPOM 3JeMeHTEl YIOPSAA0YUBAOT-
¢s 1O BeJIMUKHE, T.e. 3alIMCLIBAIOTCA B BU/Je II0CAeJ0BaTeIb-
goeT: xV, x@, ..., x™, rae x < ¥ < ... x™. PasHOCTb MEXKAY
MAKCHMANbHBIM ¥ MHHHMAJbLHBIM 3JI€MeHTaMHM BBIGODKU
x™ — xM = w HABEIBAETCS PA3MAXOM 6bLOOPKU.

Ilycts BBIGOPKA (X, X, s X,) COREDIKUT k pa3smiuuHBIX
GHUCENL X;, Xy wvs X, IPHUEM X, BeTpevaerca n, pas (i =1, 2,
..., k). HCT0 1, HA3BIBAGTCSA YACTOTOM 9JIeMEHTA BHIGODKH X,.
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k
OuesnuzgHO, 4TO Zl n=n,
i=
Cmamucmuueckum psadom HaspIBaeTCA NMOCIELOBA-
TCJBHOCTD Hap i = 1 (x, n). OGBIYHO cTaTHCTHYECKUT DAL
JNITHCBIBAETCA B BHAe TaOJUILI, IepBas CTPOKA KOTOPOI
COJEPKHUT DIEMEHTHl X, & BTOPasA — HX YACTOTHI, TPETbA
¢TPOKA — OTHOCHUTEJLHbIE JaCTOTHI.
I nanHO¥ 3amaum o6weM BHIGOpKM n = 15, pasmax
nbIbopku w=10-2=8,
YIOpA0YUB 3IeMEHTHI BHIGOPKY 110 BeJTMYMHe, IOIYINM
BADUAMOHHLIHN DSA:
2,2,2,3,4,4,5,5,5,7,7,7, 7, 10, 10.

PaznmuaHBIME B JaHHON BHIOOpKE SABIAIOTCH HJIEMEHTHI
x =2,x,=3 x,=4, x,=95, x,="1, x,=10; UX 4aCTOTEI COOT-
BeTCTBeHHOpaBHHn —3 n, —1 n, -2 n=3,n,=4,n,=2.
CnenosarennHo, c'ra'mcmqecrcnn psm ncxom{on BLI60pKH
MOXKHO 3alIMCaTh B BUJe CAEAYIOmeil TabaIunsr:

x, 2 3 4 5 7 10
n, 3 1 2 3 4 2
P, 0,2 [ 007 [ 013 ] 02 | 0,26 | 0,13

1A KOHTPOJIA NPAaBUIEHOCTH HaXOIUM In,=15, Ip,=1.

MareMaTHUuyecKoe OXKUIAHUE npnGmeceHHo PaBHO (TeM
TOYHee, YeM GOJIbIlle YMCI0 UCOBITAHUI) CpeJHeMy apH(Me-
TUYECKOMY HabI0faeMEbIX 3HAYCHUH CIyIatiHOM BeTHYNHEI.

MaTemMaTH4YecKoe OKHAAHNE MOYKHO HANTH IO OAHOM U3

Tpex Q)opmyn'
n n n
==2%; ==Y xmn =2 %D
i=1

i=1 i=1

all—l
al.—A

Xf=%(2+2+2+3+4+4+5+5+5+7+7+7+7+10+10)z5,3;

=%(2-3+3-1+4-2+5-3+7-4+10-2)=5,3;

X’=(2-0,2+3-0,07+4-0,13+5-0,2+7-0,26+10-0,13)=5,3;
=(2-0,2+3-0,07+4-0,13+5~0,2+7°0,26+10-0,13)z5,3.

Ilosnuron uacror CTPOUTCA CJHACeAYIOIIUM 06pa30M: mo
TOPH30HTAJIY OTKJIAAbIBaeM 3HAYEHUA 3JIEMEHTOB BHGOPKH,
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a 10 BEPTUKAJIM — COOTBETCTBYIOILHE YACTOTHI, COEANHAEM
MONydeHHble TOYKYU JIOMAHON JUHUEH.
Jina pauHOi 3a/a9U IOJIYINM:

n?’
4T
34
24 ¢
14
—t—tt—t—t —
12 3 4 5 7 10 x
Ne 158.

B rpynme Ha 3aHATUH [0 CTATHCTHKE IPOBOAUTCH SKCHE-
PMIMEHT IO PETUCTPAl HOMEPa MeCsIla POXAEHUA KAXK0T0
U3 CTyAeHTOB (Ompoc IMPOBOAMTCH, HAMPHUMEDP, IO CIHCKY
rpynmner). IocTpoiiTe BapHAOUOHHEIA U CcTaTHCTHYeCKHH
psifsl MoMydeHHOM BhIGopku. Onpesenure o6BeM U pa3zMax
BLIGOpKH. BRIYHCINTH MaTeMaTHIeCKOoe OXXHJaHWE TpeMd
cnocobamu. IlocTpofiTe MOMHUIroH YacCTOT.

Bonpochi no Teme

1. Kaxotii memod wauye 6cez0 UCnonb3yemca npu nposgede-
HUU cmamucmu4eckozo ucciedosanua?

2. Iepewucaume ocHOBHbLE NOKA3AMENL 6bLO0POUHOU CO80-
kynnocmu, daiime um onpedeneHus.

3. O6sacHuUmMe NOHAMUS: 6GPUAYUOKHbLL pad u cmamu-
cmuueckul pao.

4. Iepeuucnume oCHO6HbLE 6bI00POLHbIE XAPAKMEPUCTUKL.
ITo Kaxum GOPMYLAM LX MOKCHO EbLHUCAUMb?

5. Kaxoil zpagur Ha3bi8aemca noiuzonom?
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Tema 4.5. UnTepBanbHoe pacnpenenexue
BblGOpKKM. CTaTUCTUYECKUE OLIeHKH
napameTpoB pacnpepgeneHus

@) TepmuHbl

« F'ucrorpamma

+ BribopouHroe cpexnnee
- MaTeMaTHuecKoe OXKMAAHME JUCKDPETHOM CIy4ailHON BeJNYMHBI
+ ducnepcus fucKpeTHOH cnyqam{on BeJIMUMHbBI
«CraTucTnueckuit pax
- CpeHee KBaZipaTHYeCKOe OTKIOHEHHE

Sz : .

Y OCHOBHbIE MOHATUA J
e | x

ITycre pana nsyvenns xonuyecrsensoro npusHakxa X us re-
HePaJIbHOM COBOKYIIHOCTH H3BJICUEHA BEIGODKA Xis Xy euny Xy |
Habaromasmuecs snadeHus x,, mpusaaxka X HA3LIBAIOT
BapuaHTaMU. Homopaemocn [IPH3HAKA X, Ha3bIBaeTcH
gacToToi n,. CyMMa BCeX 4acTOT paBHa 7. OTHOCHTeJIbHaH
Jacrora — p = n/n — BHIGOPOYHEBIH AHAJIOI BepOATHOCTH
b, IOABJIEHUA 3HAYEHUS X, caydaiiHo# Rennuunnl X. Torma
Bm6opqumM aHaJIOTOM psma pacipeaesieHUs eCTeCTReHHO ;
CUHTATE BAPUAIHOHHLIN P, ;

AHMCKpeTHBIM BapHALMOHHBIM PAJOM paCIpeleeHAS ‘
Ha3BIBAETCA PAHYKHMPOBAHHAA (PAacCHOJIOXKEHHAA B MOPALKE !
BO3paCcTaHUs UM YOLIBAHNA) COBOKYIHOCTb BAPHAHTOB X,
C COOTBETCTBYIOIMMH MM YaCTOTAMH 7., MJIH OTHOCHTEJb- r
HBIMH 4aCTOTaMH p,.

AHaTOTMYHO IOMUTOHY pacupe/ieleHHs CTPOUTCS IIOJIH- }
TOH OTHOCUTEJIBHEIX dacToT. HenemecooGpasuo mocrpoenue ;
AUCKDPETHOIO pAfia AJIst HEIIPEePHIBHON caydaiiHON BeTUYHHEBI A
WIH J01A JUCKPETHOH, YHCJI0 BO3MOMKHBIX 3HAYERHI KOTOPOit 1
BeJINKO. B nofo6HEIX cly4asx ciefyeT HOCTPOMTHL MHTep- ‘
BaJdbHEIA psg. .
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HuTepBaAbHBLIM BapHMAITHOHHEBLIM PAAOM HAa3BIBaeTCH
VIOPAAOUYEHHAS COBOKYIHOCTh MHTEPBAJIOB BapbUPOBAHUS
3HAYEeHNH CcaydYaiHoil BeJHMUYUHBEI ¢ COOTBETCTBYIOIIMMH
YaCTOTAMH UM OTHOCHUTEIBHBIMM YaCTOTAMU IIONMafaHui B
KaXKBIN M3 HUX 3HaUeHWIH BeJIUYHUHEL,

IIpu 6onbinoM o6BeMe BHIOOPKE Goslee HATVIALHOE MpeA-
cTapjIeHHe JaeT THUCTOrpaMma — cTyhneHuaras ¢urypa,
coCTOAM{as U3 MPAMOYrONBHIKOB, OCHOBAHUAMMU KOTOPBIX
CIY>KAT YaCTUYHEIE MHTEPBaJbl AJIUHEI A, & BHICOTEL PaBHEI
OTHOCHUTEJbHOM YacToTe MM JacToTe.

HocTpous BapuanUOHHEIH pAJ ¥ H306pasuB ero rpadu-
YeCKU, MOYKHO IMOJIYUHUTh IIepBOHAYANBHOE IIPeJCTaBIEHHE O
3aKOHOMEpPHOCTAX, HMEIINX MECTO B paAAy HalmiofeHuii.
OpHaKo Ha IpaKTHKE 3a9acTyI0 3TOro Hefocratouno. Takasa
cHTyallusi BO3HHKAET, HaIpUMep, Korja umeerca Heob-
XO[UMOCT: CPABHUTH ABa psfa u Gonee. CpaBHUTENLHBIE
paciupefieleHUs MOI'YT CYIIECTBEHHO OTJIHYAThCA APYr OT
apyra. Oy MOTYT UMeTh PasJNYHble CpeJJHYe 3HaUYeHUA CIIy-
yaitHoll BeIMUMHLI UK PA3JIHYATECH PACCEUBAHNEM JaHHBIX
HabmofeHN# BOKDPYr yKasaHHLIX 3HaueHuil. IlosTomy misa
JabHeNNIero M3ydeHusa M3MeHeHUsA 3HAUYeHWH ciydaiHoi
BeJIMYUHEI HCIIOJB3YIOT YHUCJIOBbIE XapPaKTEPUCTHKY BapHa-
IMUOHHBIX PALOB. X 0OBIYHO HA3BIBAIOT CTATUCTUYECKUMHK
XapaKTepMCTHKaMM, NI OIleHKaMU.

PaceMoTpuM npumep.

B pesynsTaTe M3MepeHMA pOCTa Jerell mosydeHa BbI-
bopka:

118,121, 115, 125, ¥25, 117, 124, 120, 120, 119, 121, 119,
122,127,118, 120, 123, 130, 123, 116, 124, 127, 120, 122.

IlocrpoiiTe rucTOrpaMMy, €CJIM YHCJIO HACTHUYHBIX IMPO-
MEXYTKOB PaBHO 5.

Pewenue:

HanMensbInee sHayeHne Boi6opru: 115.

HaunGosaenee suayenne Beroopxu: 130.

- Ilnuea uHTepBada h = 129%11—5- = 3.
Yucao momafaHMii BBIGOPKY B YACTHYHbBIE IIPOMEXYTKH
COOTBETCTBEHHO PaBHO:
[115, 118) — 3, [118, 121) — 8, [121, 124) — 6,
[124, 127) — 4, [127, 130] — 3.
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CocTaBuM MHTepBANLHEIH BADHANMOHHELIN pAx:

X, | [115,118) |[118,121)[[121,124)[[124,127) | [127,130]
n, 3 8 6 4 3
P, 3/24 8/24 6/24 4/24 3/24

Hna KoHTponA MpaBUIBHOCTH HAXOXUM
Zn,=24, Ip,=1.

Hna Harasgsoro mpexcTaBieHMs MHTEePBAJBHOTO paaa
OOBIYHO CTPOST TUCTOrpaMMy — CTOJNGUATYIO AUArpaMMy.
TucrorpaMma mokassiBaer 3Hauenme YaCTOTE! (UJIU OTHO-
CUTEJBHOH UacCTOTHI) Ha KaXkAOM MHTEpBale BEIOOPOYHOI
COBOKYITHOCTH.

Crpoum rucrorpammy:

k]
T

OB N 100

115 118 121 124 127 130 X

i

Maremaruyeckoe oXuaanne TCKPETHOI
Cy4anHON BENUYHHDI

B maTemaTuueckoil craTucTmKe BBOJATCS YHCJIOBEIE
XapaKTepUCTHKH BEIGOPDKH AHAJOTMYHO UHUCIOBBIM Xapak-
TEPUCTUKAM CIYYaiHEIX BEINYKH B TEODHU BEPOATHOCTH.

PacemoTpum BriGopounsie XapaKTEePUCTUKHU A BEIGOPKH
obseMoM n: Xy Xyy eeny X0

MaremaTuueckoe okumanue — sTo CpejlHee 3HAYeHMe
CIyYaiHOH BeNUIUHEI. s AVCKDPeTHOH ciyuailHO# Be-
JMIHHEL MATeMaTHIeCKUM oxufanueM M (X) HasniBaeTcs
CyMMa NpousBefileHNi 3HAYEHNI CIy4afiHoON BeJIMYMHEI Ha
BEPOATHOCTh 3TUX 3HAYEHHH.
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BbIGOPOYHBIM MAaTEMATHIECKUM OXUJaHHEM (BBI6OpPOU-
HBEIM CpeJHUM) Ha3bIBaIOT CpefiHee apudmerudecKoe BbIGOP-
kxu. MareMaTHyecKoe OKU/IaHue MOKHO HaTH IO OAHOH U3
Tpex GopMyI:

n

1) X = Exi; 2) X= -I—inni; 3)§ = inpi'
i=1 ni=1 i=1

X |-

4

[lucnepcua AUCKPETHOM
CRy4aiHOH BENUYMHDI

Br160pouHOI AucTiepcyell HA3bIBAIOT Cpeatee apudmeTH-
yecKoe KBaapaToB OTKJIOHEHH 3HaueHMl BRIGOPKY OT BbIGO-
pOYHOTO CPERHETO. Iucnepcus BEIMUCASETCA IO dopmynam:

1) D= %i(x,- -5 2) D= - X e
i=1 i=1

Haitnem MaTeMaTudecKkoe OXXHAaHNe U JAUCIIEPCHIO AT
npmwepa 3, Aas 9TOrO BBEIUYICJIMM CpejHMe 3HaUeHHsd HH-

TepBaja:
x; 116,5 119,56 122,5 125,56 128,5
o 0,125 0,333 0,25 0,167 0,125

. n
X = inpi =
i=1

- 14,5625 + 39,7935 + 30,625 + 20,9585 + 16,0625 ~ 122.

3HauyuT, CpefHee 3HaUEHHe POCTa geTeil 3TOW TPYMIBI
122 cm. '

D= Z(xi ‘f)zpi =
i=1

=(116,5-122)* - 0,125+ (119,5-122)% - 0,333 +
+(122,5 -122)* - 0,25 +(125,5-122)? - 0,167 +
+(128,5-122)? - 0,125 = 13,25.
CrnemoBaTesbHO, pasépoc 3HAYEHUI POCTA OKOJIO CPeJHETO
3HavYeHNA COCTABIAET MPUMEPHO 13 cm.
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3ananua
ANA CaMOCTOATENbLHOK paboThl

"

S

Ne 159.
Wzyuanu Bo3jeficTBHE HOBOTO Ipenapara Ha Maccy Teja
1a00paTOPHEIX MBINIeH., Macchl B rpaMMax OKasaJINCh paB-
ueiMu: 64, 69, 83, 80, 70, 74, 75, 77, 77. O6seM BRIOODKH
n=29,
IIpoBenn craTuCTHYECKYIO 00pabOTKY NaHHBIX.
PE3VYJIETATHI PACYETA HA KOMIIBIOTEPE:
T'panunsr maTepsanoB: OTHOC. YacTOTAa:

64—68,75 0,12
- 68,75-173,50 0,22
73,50-78,25 0,44
78,25—-83 0,22

MareMaTHdeckoe OXKHXaHHE X = 74,08.

OnpeaennTe MaTeMaTUYeCKOe OJKHAaHNe U CDABHUTE ero
¢ HafileHHHIM Ha KOMIOBIOTEPE. Pe3yJbTaThl OKpyriasiite A0
TeICTYHBIX. ITocTpoiiTe rucTOrpaMMy pacipejejieHNA IacToT.

Pexomendayuu K 8binoaHenul0 sadavu.

ITomMecTM pe3yJbTATHI BEIYHCIEHHUI B Ta6auny:

E;:’;elf Tpannr Cepepuna |OTHOCHTEIBHAS x
P MHTEepBaJa |HMHTEpBAJA X, 9acToTa p, 1Py
BaJIa i
1 64—68,75 66,375 0,12 7,965
2 68,75—173,50 71,125 0,22 15,648
3 73,560—-78,25 75,875 0,44 33,385
4 78,25—83 80,625 0,22 17,738

MaTeMaTHyecKoe OJKHAaHUe HAXOZUM 1o GopmyIie

n
X= Zx,- p; = 7,965+ 15,648 + 33,385 + 17,738 = 74,736.
i=1
MaremarudecKoe OKHUAaHNe, HANACHHOE HA KOMIIBIOTEDE,
TOYHO He COBIIAAAeT IO 3HAYEHHUIO ¢ TeM, KOTopoe Hal/ieHO
no ¢opmyiae, HO npubausuTensHo pasHo. HeGosabnue He-
TOYHOCTH JOIYCKAXOTCA BCJICACTBHEE OKPYIJIEHHUA GOJBIIOro
KOJHMYECTBA YHCEN.
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HocTpouM TrUCTOrpaMMy paclpeieleHHsa 4YacroT, OT-
KJafbIBasg IO ocu abcluce IIHPHHY MHTepBaja, a 0 OCH
OPAUHAT — OTHOCHUTEJBHYIO YACTOTY BCTPEUaeMOCTH.

PA

0,5 1 0,44
0,4 1
0,3
0,2
0,1

0,22 * 0,22

0,12

64 68,75 73,50 78,25 83 X

Ne 160.

Bapuanr 1.
Wsyuanu cpefHee apTepUAJILHOE JaBJIeHIE B HAYaJIBHOH

cTaguy 1Ioxa (MM pr. cr.). O6BbeM BeIGopKHU 1 =15.
ITpoBenu cTaTHCTHYECKYI0 00paGOTKY JAHHEIX.
PEBVJILTATHI PACUETA HA KOMIIBIOTEPE:

T'paHUIEI HHTEDPBAJIOB: OTHOC. JacToTa:
89—-94 0,06

94—-99 0,34

99-104 0,4

104-109 0,2

Marematuueckoe oxuganue X = 99,86.
TlocrpoiiTe rUCTOrpaMMy paclpejiejeHus 4acToT, Olpe-
JelTe MaTeMaTHUecKOe OXKK/laHNe M CPaBHHTE ero ¢ Hai-
JEeHHBIM HA KOMIIBIOTEpe. )

Bapuanr 2.
Usyuany cpefiHee apTEPHAILHOE JABJIEHUE B KOHEYHOM

craguu IIoKa (MM prT. cr.). O6seM BeIGOpKHY = 15.
IIpoBesu cTaTUCTHYECKYIO 06PaGOTKY JaHHBIX.
PE3VJILTATHI PACYETA HA KOMIIBIOTEPE:

T'paHuIEl UHTEPBAJIOB: OTHOC. YacToTa:
51—57 0,14

57—63 0,4

63—69 0,26

69—75 0,2

Maremaruueckoe oxuganue X =63,46.

344




ITocTpoiiTe rucrorpaMmy pacmpefefieHHs 4acTOT, oIpe-
fleJIUTe MaTeMaTH4ecKoe OKHJaHNWe M CPaBHUTE ero ¢ HAail-
AeHHBIM Ha KOMIILIOTEpe.

Bapuanr 3.
Usyuanu poct myxuua 25 sner (cM) AJIA ropoicKoi
MEeCTHOCTH.
O6weM BRIGOprU 1 =19.
ITposenn crarucTUYecKy0 06paGoOTKY JaHHBIX.
PE3YJIBTATBI PACUETA HA KOMIIBIOTEPE:

TI'pasinnsr unrepeanos: OtHoc. yacTorTa:
160—164 0,1

164—-168 0,15

168—-172 0,37

172-176 0,28

176-180 0,1

Maremaruueckoe oxuganaue X =170,15.

IocTpoiiTe rucrorpaMmy pacmpefiesieHMs YacToT, onpe-
JenuTe MaTeMaTH4YeCKoe OKUNaHKe M CPABHUTe ero ¢ Haii-
JEeHHBLIM Ha KOMIIBIOTEpe.

Bapuayr 4.
Hay4anm cpefHIO0 JIMTEALHOCTD NpeGhIBaHMs GONILHOTO
Ha Koiike B cranuoHape (B u).
O6weMm BrIGopxY n =21,
IIpoBenn craTHCTUYECKYIO 00pabOTKY JAHHEIX.
PE3YJIBTATHI PACYETA HA KOMIILIOTEPE:

T'parnner narepsanos: OrHoc. yacrora:
161-165 0,06
165-169 0,19
169-173 0,47
173-177 - 0,19
177-181 0,09

Maremaruueckoe oxuganue X =171,42.

ITocTpoiiTe rucTorpaMmy paclpefeeHHS YaCTOT, OIpe-
AenrTe MaTeMaTHYecKoe OKUJaHHWe M CPABHUTE ero ¢ Haii-
JIeHHEIM Ha KOMIILIOTEpe.

Bapuanr 5.

Usyuanu BospeiicTBUe onpeaeneHHOH GU3MONIPONEAYPHI
Ha YacTOTy CepAedYHBIX COKpaueHuit (yi./MuH) y rpynms
ucnsITyeMerx. O6seM BLIGOpKH 1 =18.
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IIpoBenu CTaTUCTAYECKYIO 00paGoTKY AAHHBIX.
PE3VJILTATHI PACYETA HA KOMITBIOTEPE:

I'paHuLEl HHTEPBAJIOB: OrHoc. yacToTa:
67—-68,2 0,09
68,2—69,4 0,16
69,4—70,6 0,44
70,6—171,8 0,22
71,8—73 ; 0,09

Maremarudeckoe oxunaane X =70,16.
IMocTpoiiTe TUCTOrPaAMMY pacIpeAesieHUs 4acToT, oupe-
AeuTe MaTeMaTH4ecKoe OXKHJaHWE U CPABHHUTE €ro ¢ Haii-
NEeHHBEIM Ha KOMIBIOTEpE.

Bapuant 6.
Hsyuanu cpefHee apTepuajbHOE AaBlieHHE B ITOCJHEMH-

($apKTHOM COCTOAHUM (MM PT.CT.). O6beM BHIGOPKH 1 = 23.
IIpoBenu CTaTHCTHYECKYIO 00paGOTKY JAHHBIX.
PESVJILTATHI PACUETA HA KOMIIBIOTEPE:

TpaHUIB MHTEPBAJIOB: OTHoOC. YacToTa:
5970 ' 0,17
70—-81 0,26
81—-92 0,24
92-103 0,20
103-114 0,13

MaremaTinueckoe oxuaaane X =85,04.
IocrpoiiTe TUCTOrpaMMy pacnpeieseHHs 9acToT, onpe-
JelnTe MaTeMaTUYeCKOe OXKUJaHUEe ¥ CPABHHUTE €ro ¢ Hai-
IeHHBEIM Ha KOMIBIOTEpe.,

BapmuasT 7.
‘Wsyuanu cpeiHee apTepualibHOE AaBlIeHUe ¥ 6OJBHEIX C
NOHM;XEeHHBIM TeMOTJIOGNHOM B KpoBu (MM pT. cT.). O6BeM
BBIGOpPKHN N = 23.
IIpoBey CTATHCTHUECKYIO 06pabOTKY AAHHBIX.
PERVJILTATEI PACUETA HA KOMIIBIOTEPE:

I'paHUIEI UHTEPBAJIOB: OrHOC. YacTOTAa:
60—70 0,11
70—80 0,21
80—-90 0,14
90—-100 0,20
100—110 0,13
110-120 0,21
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MaremaTtndeckoe oxunanue X = 85,04.

ITocTpoiiTe rucrorpaMmy pacmpefieJIeHHs 4acToT, oIpe-
AeNIATe MaTeMATHUYECKOe OKUJAHNE M CDABHUTE €ro ¢ HAali-
JeHHBIM Ha KOMIIBIOTEDe.

Bapuanr 8.
H3yuanm oxBaT AuCIIaHCEPHBLIM HaGTIONEHIEM y Hacele-
HUA 100 rofaM. O6beM BbIGOPKY 1 = 9,
ITposesn crarucTudeckyo 06paboTKy JaHHBIX.
PE3VJIBTATEI PACYETA HA KOMIILIOTEPE:

T'paunusr uaTEpBATOB: OrHoc. gacToTa:
30-40 0,12
40-50 0,32
50—-60 0,42
60—-70 0,14

Maremarndeckoe oxugaane X = 50,80.

IocrpoiiTe rucTorpaMMy pacripefieleHUs 9acTOT, OIpe-
AeNHTe MaTEMaTHYECKOe OXUAAHNWE U CPABHUTE €ro ¢ Hai-
JeHHBIM Ha KOMNBIOTEpe.

Bapuanr 9.

Usygany cucronudeckoe faBjienne B HaYaILHOMN cTaguu
mIoKa (MM PT. CT.) y JIOfe#, OCTABIIMXCA B JKUBBIX. O6heM
BEIOOpKHM n = 21.

IIposenn craTucrudeckyio 06paGoTKy ZaHHBIX.

PE3SVJIBTATHI PACYETA HA KOMIIBIOTEPE:

T'panwnier uareppanos: OTHOC. "acrora:
93-105 0,07
105-117 0,28
117-129 0,33
129~141 ) 0,23
141153 0,09

MaTemaTuyeckoe oxxunanume X =123,95.

ITocTpoiiTe rucrorpammy pacmpeneneHus 4acTor, ompe-
AenrTe MAaTEMATHYECKOEe OKU/JAHHE U CPaBHUTE ero ¢ Haii-
OEeHHBIM Ha KOMIBIOTEpe.

BapuanTt 10.

Usyqamu cucronnveckoe JaBieHne B HAYAIBHON CTAAUN
IIOKa (MM PT. CT.) y JIOAeil, yMepIIuX nocie moka. O6nem
BBIOOpKH n =12,

ITposenu craTucrudecKyio o6paboTKY AAHHBIX.
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PEBVJIBTATEI PACUETA HA KOMIIBIOTEPE:

T'panHuIisl “HTEPBAIOB: OrHoc. YacToTa:
79-90 0,16
90-101 0,26
101—-112 0,33
112-123 0,25

Marematruueckoe oxuganue X =101,83.

IocTpoiiTe TECTOrpaMMy pacnpejeleHus 4acToT, onpe-
JennTe MaTeMaTHHeCKoe OXKHUJAHHNE M CDaBHHUTE €ro C Haii-
JeHHBIM Ha KOMIBIOTEpe.

Bapmuanr 11.
Hsyyanm cpeEee apTepHajbHOe JaBlIeHNE B HAYaJbHOM

craguu moka (MM. pT. cT.). O6beM BrIGOPKH n = 15.
IIpoBesn CTATHCTHYECKYIO 0OpaGOTKY JaHHBIX.
PE3YJILTATHI PACYETA HA KOMIILIOTEPE:

T'pasunEl MHTEPBAJIOB: OTHOC. 4aCTOTA:
85—90 0,06

90-95 : 0,34

95—100 0,4

100-105 0,2

MaremaTtnueckoe oxupanne X = 92,45,

ITocTpoiiTe rucTOrpaMMy pacapefesieHusd 4acToT, Ompe-
HeluTe MaTeMaTHUecKoe OJKHMJaHUe M CPABHHTE ero ¢ Hail-
IEHHBEIM Ha KOMIbIOTEpe. |

Bapuant 12. ]
Wsyuanu cpefHee apTepHAaIbHOE AaBJIeHNe B KOHEYHOM
CTafuy IoKa (MM. pT. CT.).
O6BeM BuiGOopkH n = 15.
TIpoBenn CTATHCTHUECKYIO 00PaGOTKY JaHHEIX.
PE3VJIBTATHI PACUETA HA KOMIIBIOTEPE:

T'pauunsl #¥HTEPBANORB: OTHOC. JacToTAa:
50—55 0,14

55—60 0,4

60—70 0,26

70-75 0,2

Maremaruueckoe oxxujganue X = 64,51,

ITocTpoiiTe rucTOrpaMMy pacrnpejeieHus YacToT, Ompe-
JexUTe MaTeMaTHUecKoe OXKHWAaHUe ¥ CPaBHMTE ero ¢ Haii-
JIEHHBLIM Ha KOMITBIOTEDE.
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BapuanTt 13.
Wsyganmu poct myxdua 25 xer (cm) Aas ropoackoi
mecTHoCTH. O6BbeM BBIGOPKM n = 19, ‘ ‘
IIposexnn craTucrTudecKyw 06paboTKy KaHHBIX. "
PE3VJIBTATEI PACYETA HA KOMIIBIOTEPE:

I'paHUIEI MHTEPBAJIOB: OrHoc. uacToTAa: : |
165-170 . 0,1 “
170-175 0,15 :
175-180 0,37 \
180—-185 0,28 |
185—190 0,1

MaremaTuueckoe oxuganue X = 182,43.

ITocTpoiiTe rucTorpaMMy pacupefiefeHds 4acToT, olpe-
AelNTe MaTeMaTHYeCKOe OKUJaHMe ¥ CPDABHHUTE €ro ¢ Hali-
JeHHBIM Ha KOMIIBIOTEpE.

BapuanT 14.
H3yqann cpeRHIO0 ANUTEILHOCTH IPeGLIBAHNS GOIBHOTO
Ha Koifke B craimuoHape (B u).
O6weM BriGopru n = 21,
~» IIpoBenu cTaTHCTHYECKY0 06paboTKy JaHHBIX.
PE3YJIBTATHEI PACYHETA HA KOMITLIOTEPE:

I'pannnsr nHTEPBANOB: OTHOC. YacToTa:
120-125 0,06
125-130 ‘ 0,19
130-135 . 0,47
135-140 0,19
140—-145 0,09

Maremaruueckoe oxugaame X = 171,42.

IlocTpoiiTe rucTorpaMMy pacnpefieJleHHs 4acTOT, OIpe-
NleJIiTe MaTeMaTHUeCKOe OKUNAHNE U CPaBHHTe ero ¢ Haii-
JE€HHBIM Ha KOMIILIOTEpE:

BapuanT 15.

Wsy4anu BosgeiicTBUe OlpeseeHHOM (DU3UONIPOIeYPEI
Ha YaCTOTY CePAEYHEIX COKpaIleHuit (yA./MUH) y IpyIIIsI
ucnbITyeMerx. O0beM BeibopKH n = 18,

IIpoBesnn crarucTuueckyio o6paboTKy JAHHEIX.

PE3SYJIBTATHI PACYETA HA KOMIIBEIOTEPE:

Tpannnsr nETEPBAJIOB: OTHoc. 4acToTAa:
60—-63 « . 0,09

6366 | 0,16
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69—72 0,22

72—-75 0,09

MaTtemaruueckoe oxugaane X = 67,29,

ITocTpoiiTe rECTOrPaMMy pacnpefieleHUs 9acToT, OIpe-
JeluTe MaTeMaTUYecKoe OXKHUJAHKE ¥ CPaBHHUTE ero ¢ Haii-
IeHHBIM Ha KOMIBIOTEDE.

Bapuasr 16. ;
Wsyuanu cpefHee apTepuasbHOE HAaBJEHUE B IOCJTEHH-
(apKTHOM COCTOSHHUH (MM. PT. CT.). O6beM BHIGOPKH 1 = 23.
IIpoBenu cTaTHCTHYECKYIO 06paGOTKY AaHHBIX. )
PE3VJILTATEI PACYETA HA KOMIIBIOTEPE:

T'pannnsl MHTEPBAIOB: OTHOC. YacTOTA:
60—-70 0,17
70—-80 0,26
80—90 0,24
90—-100 0,20
100=110 . 0,13

Maremaruueckoe oxuganne X = 86,74.

TlocTpoiiTe rECTOrpaMMy pacipejeleHHs YacToT, OIpe-
IeqUTe MaTeMaTUdecKoe OKMAaHUe U CPABHHUTE ero ¢ Hail-
JeHHEIM Ha KOMIIBIOTEpE.

Bapuanr 17.

W3zyuanu cpefHee apTepHajibHOe AaBleHHEe ¥ GOJILHBIX C
[OHMKeHHLIM FeéMOII06MHOM B KPOBH (MM. pT. cT.). O6BeM
BHIOOPKH 1 = 23.

IIpoBenu cTAaTHCTUYECKYIO 00paGoTKY AaHHBIX.

PE3VJIBTATEI PACUETA HA KOMIIBIOTEPE:

T'paHuIisl MHTEPBAJIOB: OTHOC. YacToTa:
80—-85 0,11

85-90 0,21

90-95 0,14

95—100 0,20

100—-105 0,13

105-110 0,21

MartemaTuueckoe oxunanue X = 95,64.

TlocTpoiiTe rECTOrpaMMy DaclpefielIeHUs HacToT, onpe-
JeauTe MaTeMaTHYecKoe OXKMJAaHKE ¥ CDABHHTE €ro C Haii-
IEeHHEIM Ha KOMIIBIOTEpE.
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BapuanTt 18.
Hsyuyannm oxBaT aucHaHCepHEIM HabilofeHHEM y Hace-
JIEeHUS IO I'OAaM.
O6wem BEIGODKY 1 = 9.
IIposenn craTucTHYeCKyI0 06pabOTKY JAHHEIX.
PE3SYJIBTATHI PACYETA HA KOMIILIOTEPE:

Ppanunsl wHETEPBAJOB: OrHOC. uacToTa:
. 40-50 0,12

50—-60 0,32

60-70 0,42

70—80 0,14

MareMaruueckoe oxunanue X = 61,45.

IToctpoiiTe rucTorpaMmy pacmpezieSIeHUs 9acTOT, OIpe-
JeJInTe MaTeMaTHiecKoe OKUJaHHe ¥ CPaBHUTE ero ¢ Haii-
' IeHHBIM Ha KOMIBIOTEpe.

Bapuanr 19.

Hzyuanu cucronudeckoe fapjeHNne B HAYaIbHON CTALUH
OKA (MM. PT. CT.) ¥y JoAell, OCTaBIIMXCA B KUBBIX. O6beM
BEIOOpKH n = 21,

IIpoBenn craTucTUyecKyoo 06paboTKy NaHHBIX.

”  PE3YJIbTATEI PACYETA HA KOMIIBIOTEPE:

TI'parnner mHTEpBANTOB: OTHOC. yacToTa:
100-110 0,07
110-120 0,28
120-130 0,33
130140 0,23
140—-150 0,09

Maremarmyeckoe oxugaune X = 122,35,

ITocTpoiiTe rucTorpaMmy pacupesieJieHHs 4acTOT, OIpe-
JeuTe MaTeMaTUIecKoe OKHMAaHKe U CPaBHHTE ero ¢ Haii-
JEeHHBIM Ha KOMIbBIOTEpe.

Bapuant 20.

Uayyanu cucronnvueckoe JaBieHHe B HA9aIbHON CTaIuH
mIoKa (MM. pPT. CT.) ¥ Jilogei, yMepImIux mocie moka. O6beM
BeIGODKH n = 12.

ITpoBesn craTHcTHYECKYIO 06paGOTKY AAHHEIX.

‘PE3YJIBTATHI PACUETA HA KOMIIBIOTEPE:

I'paEMusl HHTEPBAIOB: OrHoc. gacroTa:
120-130 0,16

130-140 0,26
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140—-150 0,33

150—-160 0,25

MaremaTtuyeckoe oxxuganne X = 142,64.

TlocTpofiTe rHCTOrpaMMy DaclpefieleHus 4acToT, ompe-
AelHTe MaTeMaTHYeCKoe OKHUJaHKe U CPaBEHTe ero ¢ Hai-
NeHHBIM Ha KOMIEBIOTEpE.

Ne 161.

Ina crepylolpux YCIOBHH 3ajad BRIYMCIUTE MaTeMa-
TH4ecKoe OXHUAaHMWe (BHIOOPOUHOE cpefHee), OUCIIePCUIO
AVCKPETHOH coyualfHON BeNHIHHBI.

Bapuanr 1.

B pesyasraTe 10 0fMHAKOBHIX NPO06 OBLIM MOTYYEHBI
clefyionMe 3HAUEHHUA COJAepXaHHA MapraHua: 0,69%;
0,70%; 0,67%; 0,66%; 0,69%; 0,67%; 0,68%; 0,67%;
0,68%; 0,68%.

Bapuanr 2.

Ilpu ompejeneHNN MHUKDPOAHANUTUYECKUM crocobom
COAepIKaHUA a30Ta B AAHHOM Ipobe OBLIK IOTYYEeHE! CIeAY-
fomue peaynbTaThl: 9,29%; 9,38%; 9,35%; 9,43%; 9,563%:
9,48%; 9,61%; 9,68%.

Bapuanr 3.

B pesysnbTaTe M3MEpEHHI IuaMeTpa KaNMLIApa B CTEHKE
JEeTOUHBIX AJIbBeON OBIIHN IOJAYYEHBI ciaejyloliye AaHHBbIE:
2,83 mkwm; 2,81 mMrm; 2,85 Mrm; 2,87 MKM; 2,86 MKM;
2,83 MrM; 2,85 mxM; 2,83 MxM; 2,84 MKM.

Bapuaurt 4.

ITo pesyabTaTaM KCIEPUMEHTOB ObLIM HOJIyIeHEI CEAY-
folye IOKA3aTeN aKTUBHOCTY TabJeTOK NeHTaruHa: 3,2;
3.4; 3,3; 3,5; 3,6; 8,7; 3,4; 3,3; 3,4; 3,7; 3,2.

Bapuaur 5.

IIpu moacyere KOJIMIECTBA JUCTHEB Y ONHOTO U3 JIEKap-
CTBeHHEIX PACTeHUH OBIIM ITONYYeHB! CIeAyIoIre JaHHbIe:
8, 10, 7,9, 11, 6, 9, 8, 10, 7.

Bapuanr 6.

IIpoBefieHBl U3MEPeHHA BISKOCTH KPOBH Y 9 GONBHEIX.
3HAYEeHUS OTHOCUTEIbHOH BABKOCTY KPOBM y GONMBHEIX CO-
. crasmiu: b, 4, 3, 2, 6, 3,4, 8, 10.
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Bapuanr 7.

Ha rpynne maGopaTopHBIX Miulleli M3ydaad BO3Aeii-
CTBH€ Ha OPraHM3M HOBOr0 mpemapaTa. Iloclle MeCHUHBIX
UCIBITAaHHH Macca Tela IPBI3YHOEB, BRIDa)KeHHad B PaMMax,
BapLUpOBala clefyioInuM obpasom: 80, 76, 75, 64, 70, 68,
72, 79, 83.

Bapuanr 8.

ITo pesyapTaTaM 3KCIEPHMEHTOB OLLIN HOXYJeHEI ClIe-
RYIOUIVe IOKA3aTeN AKTEBHOCTH TabIeTOK TeTpalKInHA:
10,1; 10,5; 10,4; 10,4; 10,8; 10,1; 10,5; 10,2; 10,4; 10,7.

Bapuanr 9.

Bsanu xpoBs Ha aHANH3 Y GOMBHEIX, TeKABIIMX B OIHOM
otneneHuu GonpHuIEL. [Io pe3yabTaTaM MONYYUIN KOJUYe-
CTBO JIEMKOIIMTOB B KPoBH (B Thic.) B 1 Mm3: 3,5; 4,5; 8,1;

'7,5; 10,6; 5,6; 6,2; 8,3; 9,7; 11,4. ¥ 3/I0pOBOro Yer0BeKa
HopMma 49 TeIc. nelikonuTos B 1 Mme.

Bapuant 10.

JKusHeHHAA €MKOCTH JIETKUX V GOJILHEIX, COCTOABIIHX
Ha AuCIaHCEPHOM ydere, cocTaBmia: 2,5 i; 3,2 ix; 4,5 x;
2,7 1; 5,1 n; 8,8 m; 3,6 1; 4,2 n; 4,3 1; 3,1 1.

Ne 162,
Hano BpeMs HefleIbHOM HArPY3KH KOMIELIOTEPoB B 50 y4e6-
HEIX 3aBefleHHUAX:
38 60 41 51 33 42 45 21 53
60 60 52 47 46 49 49 14 57
54 59 77 47 48 48 58 32 42
58 61 30 61 35 47 72 41 45
44 56 30 40 67 65 39 48 43
60 54 42 59 50

Haiigure pasMax BBIGODKH, UHCJIO U JJIHHY HMHTEpDBa-
JIOB, MAKCHUMAJLHOe ¥ MUHUMAJIbHOE 3HAYEHHS 3JIEeMEHTOB
BEIOOPKH, a TAKIKEe COCTaBbTe TAGIHMIY YACTOT (3aIMINUTE
IPyNIUpPOBaHHOE CTATHCTHYECKOe pacupeneenne). IIpunars
niepBoIii mHTEpBai 14—23. BRIuncinTe MaTeMaTH4ecKoe 03KH-
JaHVe JBYMA Pa3IHIHBIMH CIIOCO0AMHM, AUCTIEPCHIO B CpefHee
KBaZpaTUYHOE OTKJIOHeHMe. ITocTpoiiTe rucTOrpaMMy 9acToT.
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Perxomendayuu K 6biNOLHEHUID 3adavu:
MaxcrMaabHEIN 3JeMeHT BHIGOPKH — 77.
MUHEMMAIPHEIN 37eMeHT BHIGOPKH — 14.

PasMax BriGoprn w =77 -14=63.

JinuHaa OZHOTO MHTEpPBAJIA 23-14=9.

Konmaecrso uaTepsanoB 63/9 =17,

PesyabTaThl IPYNIXPOBKM CBOAUM B TabAMIly 4aCcTOT.

}i

2
~
2.4

Homep
MHTEpBajia

MHTEpBaNa

]
B
=]
[
(]
<
o

T'pannnsl
CepenuHa

MHTEpBaja
Yactora
Pi

%
<
B
A
=)
5]
&
=
<
=1
]
£

o

14-23| 18,5 0,04 0,74 37 892,8
23—-32| 27,5 0,06 1,65 82,5 436,0
32—41] 36,5 0,12 4,38 219 141,1
41-50§ 45,5 0,36 16,38 819 8,3
50-59| 54,5 0,2 10,9 545 37,5
59—-68| 63,5 0,18 11,43 | 5715 228,6
68—-77| 72,5 2 0,04 2,9 145 581,8
Y1 |3-48,38]|2=2419|X=2326,1

S o ol bo] -

MareMaTHUeCKOe OKUAaHIe MOXKHO BEIYMCAUTE PA3IAd-
HBEIMH cHocobaMm:

—_ n _ 1 n _ 1 n
nNX=xp; 2 X==Yxn; 3) X= =Y x,.
i=1 L niz ni-1
Ilna mepsoro crocoba X =48,38, Ans BTOPOTO
X =2419 / 50 ~ 48,38.
Iucriepcusl BIYUCIISAETCA 110 dopmyie

D= —I—Z(xi - Xy = = 46,5.
ni=1

CpeaHee KBafpaTHiecKoe OTKIOHEHNE

o= D = /46,5 =6,8.
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Jna gaHHOTO HmpHMepa I'MCTOrPAMMA YacTOT 6YAeT BBI-
rASAEeTh CIAEAYIOIIUM 00pa3om:

n‘}
204

154

104

5Jr-

14 23 32 41 50 59 68 77 x

Ne 163.

CocraBbTe BEIOOPOYHYIO COBOKYIIHOCTE H3MEPEHHA POCTa
JleTell MOAPOCTKOBOTrO Bo3pacTa nu3 40 snementos (120 cm —
150 cm). Haitaure pasmax BEIGOpKH, MAKCHMAJIBHOE H MHU-
HUMaJIbHOE 3HaueHus. PasleiiTe BEICOPKY Ha 6 uHTepBaNOB
H cOCTaBbTe TAOMUIy 4acTOT. BrrducnuTe MaTeMaTudecKoe
okuAaHME (ZByMs cIioco6aMu), ANCIEpPCUIO B CpefHee KBa-
Jparuueckoe oTkJIoHeHMe. ITocTpoliTe rucTorpaMmy pacmpe-
OeJIeHUA YacTOoT.

N 164.
OT1ragaB KpoCCBOPAEL, BBl IPOUTETE B BEIIEIEHHOM CTOJI0-
Ile Ha3BaHMe pa3fieNla MaTeMaTHKH.

Kpocceopa Ne 1

1 [ 1 ]

ENEE
41 1 1]

9|

o T 1T 1]
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1. Pacceanue cay4daiiHO# BeIMYMHEL.
2. IlapaMerp, XapaKTepU3YOIUA KaKyl0-Tn00 BeAUYNHY.
3. O6paboTKa JaHHEBIX C IOCHEAYIOINUM BEIBOJIOM.
4. TIpepsIBUCTOCTH CIy4aliHOW BEeIUYNHEL.
5. Cron6uarass AUarpaMma.
6. Ha6op 06beKTOB, COGPAaHHEIX 110 OAHOMY NPU3HAKY.
7. KoauuecTBO BAPHAHTOB B BHIOODKe.
8. Jlomanas JIMHUS, XapaKTepuUsylomas 3aBHCHMOCTh Ya-
CTOTEIL OT CIIyYaifHOl BeJIMUYUHEI.
9. Ha6op BEIOpaHHBIX 06BEKTOB U3 IeHEPAILHON COBOKYII-
HOCTH.
10. PazHOCTh MEXAY HAaMOONHUINM M HANMEHBIIWM 3HaAYE-
HUAMH BBIOODKM.

Kpocceopa Ne 2

1 TTT T I 1Tl

9 [ T T [ 1]

|10

1. Ha6op 06'E€KTOB, COQPAHHBIX 110 OMHOMY IIPU3HAKY.
2. ITapaMeTp, XapaKTepU3YIOUiil KaKyo0-11u60 BeNuIUHY.
3. O6paboTKa ZAHHEIX C MOCAENYIOLINM BEIBOJOM.
4. IIpepsIBUCTOCTb.
5. Cronfuarass guarpaMma.
6. OpraEusoBaHHOe cTaTHCTHYeCKoe HabfofeHue B Ipefe-
Jax CTPaHBI.
7. KonuuyecTBO BAPUAHTOB B BHIGODKe.
8. JloMaHad JWHUSA, XapaKTepUIyrolnasd 3aBHCHUMOCTb 4a-
CTOTHI OT CJHYYaHOH BeJIMYUHEL.
9. YncleHHoe 3HaUeHNE ITOKa3aTeA.
10. PazHocTs MexAy HaMOONBIIMM U HAMMEHBIITUM 3Had4e-
HUAMH BLIOOPKH.
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Ne 165.
Beimonaure TecToBhle 3agaHUs.

1. KoamyecTso cnoco6oB COCTaBIEeHHA CIIMCKA U3 5 UeoBeK

pasHo:
1) 120; 2) 5;
3) 1; 4) 2.

2. B amuxe 4 yepHbIX u 6 Gesnslx mapos. U3 Hero cirydaii-
HEIM 00pa3oM GepyT OAMH Imap. BepoATHOCTH TOTO, UTO
JTOT IIAp OKayKeTCS YePHBIM, PABHA:

1) 0,4; 2) 0,6;
3) 0,2; 4) 1.

3. 3aKoH pacmpefieleHUsI BepOATHOCTEH AMCKDPETHON CIy-

yaiiHON BenuumHBl X MMeeT BHJ:

X[ 25 [s8
P o1 p, |06

Torzna seposarnocTs p, paBHa:
1) 0,3; 2) 0,7;
»3) 0; 4) 0,5.
4. MaTemMaTuueckoe OXHUAAHUE AUCKPETHOH ciydaiiHoil
BeJIMYMHEBI, 3a4aHHOHN 3aKOHOM pacmpejieeHus, PaBHO:
X 2 5 8
p 0,210,311 0,5

1) 5,9; 2) 5;
3) 15; 4) 1.

5. ITo nesn mpousseaeno 10 BLICTPENOB, 3apETNCTPHPOBAHO
7 nonagauuii, TOra OTHOCHTEIbHAS YaCTOTa IONAJAHUS
B I[eJTh paBHA:
1)0,7; 2) 0,35;
3) 0,5; 4) 0,3.

6. Ilo janHOMY pacupefeeHui0 BEIGODKY 3HaueHHe BBHIOO- I
pouHOil cpegHeit paBHO: |
x | 2| 5| 8 '

n 1 4 5

i
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1) 3,9; 2) 3,5;
3) 4; 4) 3.

7. BeposTHOCTD IOSIBJICHNS OJHOTO U3 ABYX HECOBMECTHbIX
cob6eiTHii A 1 B (6e3pas3jUdYHO KaKoro), BEPOATHOCTH
KOTODHIX cooTBeTcTBeHHO P(A)=0,4 1 P(B)=0,3, paBHa:
1) 0,7; 2) 0,12;

3)0,1; 4) 0,3.

8. Ecu BepoATHQCTL HONajaHUA B MHIIEHD CcOCTaBJAAET
0,3, Torga BepOSATHOCTH IPOMaxa paBHA!
1)0,7; 2) 0,3;
3)0,5; 4) 1,3.

9. HeBO3MOXHBIMH SIBIAIOTCA CJeAYIOLIHeE IBa COOBITUA:
1) nmosBnerne 10 0UKOB IpU GPOCAHUY UTPAILHON KOCTH; -
2) moasnenue 19 ouxoB npyu 6pocaHUK TPeX UTPAJBHBIX
KoCTeil; )

3) noaBnenue 10 04KoB mpu GPOCAHUU TPEX UTPAJBHBIX
KocTeli,

4) nosiBnenue 15 oukos npu 6pocaHNM TPeX UrPATBHBIX
KoOCTeil.

10. CKoabKuMHK cnocob6aMy M3 BOCBMH KaHAHLATOB MOXKHO
BLIOpAThL TPEX JIHI HA TPHU OAMHAKOBLIE JOJKHOCTH?
1) 56; 2) 336;
3) 3; 4) 8.

11. Ecqu BepOsITHOCTD TIOPAXKEHHUA IeNH MePBbIM CTPeIKOM
pasHa 0,4; Broperm — 0,5, Torga BepoATHOCTD IIOpaxe-
HUSA Heiay 000MMHU CTPeIKaMH paBHA:

1) 0,2; '2) 0,9;
3) 0,45; 4) 0,1.

12. CocTaBbTe 3aKOH pacupe/leieHus cIy4aiHON BeJUIHNHBL
X — umcsa BHIUTPABIINX JOTEepEHHEIX OMIETOB U3 IBYX
KyIUIeHHBIX, €CJIM BEpPOSITHOCTh BRIMIPHILIA JIOGOTO JIO-
tepefinoro Guiera paHa 0,1, comocraBiaf 3HAYCHUA
caydaifHoil BeTUYHNHEL U X BEPOATHOCTH.
1.X=0 2.X=1 3.X=2
1) 0,81; 2) 0,18; 3) 0,01.

13. MuckperHasa ciydaifHas BeJHYUHA X npumHMMaeT ABa
BO3MOJKHBIX 3HAYEHUA: X, = 2 C BEPOATHOCTEIO 04ux,c
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BEPOATHOCTEIO p,. Ecnim MaTeMaTmueckoe OXXHAaHUE
M(X) =5, Toraa x, pasHo:
1) 7; 2) 0,6;
3) 3,6; 4) 2,5.
14. ITo nesu npousseaeHo 20 BLICTPEJIOB, 3aperHCTPHPOBAHO
18 nonapganwii, Torga OTHOCUTEILHAS YACTOTa NONAKAHUA
B IleJIb paBHa:
1)0,9; 2) 0,18;
3) 0,5; 4) 0,1. ,
15. Mucnepcus cayuyafiHoll BeJIWIMHBI, 3aNaHHOH 3aKOHOM H
pacnpejejieHls, paBHa: |
X o] 1] 2 ﬁ
P 0,5610,21] 0,3 ‘

1) 0,76; 2) 0,8;
3) 1,4; 4) 2,04.

16. BeposaTHocTH cOGBITUH A ¥ B COOTBETCTBEHHO PABHEI
P(A)=0,4 u P(B)=0,5. YcTaHOBHTE COOTBETCTBHE MEKIY
BEPOATHOCTSAMH YKa3aHHBIX COOBITHI ¥ NX SHAYEHUAMU.
1) BeposaTHOCTh NOABIEHHA XOTA Gl OAHOTO M3 ABYX !

HECOBMECTHHIX coOnITHit A u B.
2) BepoATHOCTH COBMECTHOr'O NOABIEHUSA ABYX He3aBH-
CHUMBIX cOORITHII A u B.
3) BepoaTHOCTB COGBITHSA, IIPOTHBOIOIOHOTO COORITHIO A.
1) 0,9;
2) 0,2; 1
3) 0,6.

17. Teopus BepOATHOCTH — BTO:

1) Paznen mMaTeMaTHKHM, M3ydYaloIUil CBA3K MEXKAY Be-
POSITHOCTSIMM CIYYAHHBIX COOBITHM.

2) Pasnesn MaTeMaTHKHM, U3YUYAIOMMI CBASH MEXAY KC-
IepUMEHTANLHLIME JaHHBIMH.

3) Paspmen MareMaTHKM, M3YJYaIOMHUA CBA3H MEXAY Me-
TOJaMH CHCTEMAaTHU3aIHH. ‘

4) Pasnen MaTeMaTUKH, H3YYAIOIUH CBA3H MEXAY QYHK-
LHAMU,

18.B amuxe 3 xextnix u 7 cuHUX mapos. Y3 amuka ciy- I
yaiiHEIM 06pasom GepyT oamn map. BepoaTHOCTH TOTO,
YTO ITOT IIAP OKAXKETCS JKEJTHIM, paBHa: 1‘
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19.

20.

21.

22.

23.

24.

1) 100%; 2) 0,3;
3) 0,7; 4) 0,5.

MareMaTiadecKoe OKHAAaHHE TUCKPETHOH caywaiimoi
BeJIMUYMHBI, 32JaHHOM 3aKOHOM pacIpefiesieHNd, PABHO:

X 1 2 3
P 0,3 1011 0,6

1) 6; ,  2)2,1;

3)2,3; Ty

B amuke 2 Genblx ¥ 8 YepHBIX IIAPOB. W3 amuka ciay-
gaitapiM 06pasoM GepyT ozuH IDap. BepoATHOCTL TOTO,
YTO 3TOT IHAp OKa)Kercsa OeNIbIM, PaBHA:

D1 2) 0,5;

3)0,2; 4) 0,8.

Ecnu MaTeMaTHdecKoe OKMIAaHUe KBajpaTa CrydaiHoH
BeJUYMHBI, 3aaHHO 3aKOHOM pacHpefeieHHsA, PaBHO
M(X? = 2,3, Toraa aucuepcus paBHa:
X -2 0 1
P 0,5}021]0,3

1) 1,81; 2) 2;
3)0,7; 4) 1,7.

ITo zaHHOMY pacnpeieieHHIO BEIGOPKY 3HaUeHHe BBI0O-
poUHO cpefHell paBHO:

X, 4 7 8
n .| 3 2 5

1) 6,6; 2) 6;
3) T; 4) 6,3.

B amuKe 8 KpacHBIX ¥ 12 3eseHbIX HIAPOB. W3 amuka
cityuaiHEIM 06pagoM GepyT ofwH mIap. BepoATHOCTS TOTO,
YTO HTOT IIAP OKAXKETCsS KPACHBIM, PaBHA:

1) 0,6%; 2) 1%;

3)0,2%; 4) 0,4%.

MaTeMaTHdecKoe OKHAAHNE JUCKPETHOH CIydaiHOR
BeIMYMHDI, 3aJaHHOM 3aKOHOM paclpel/leieHid, PAaBHO:

X 1 3 6

P 0,2 0,3 0,5
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1) 10; 2) 4,1; |
] 3) 3,9; 4) 2. :
25.Ilonuron — aTo0:
1) rpadur GyHKIUM;
2) rpaduyeckoe uzobpakeHNe HHTEPBAILHOTO PAAA pac-
npeReneHus;
3) rpaduueckoe m3obpaskeHWe AMCKPETHOTrO psafa pac-
IpefeIeHus; ‘
4) rpa¢gudeckoe u3oGparkeHre OTHOIIEHUS YACTOTHI K
OTHOCUTENILHOH YacToTe.

i R

26. B amuxe 3 xenThiX U 7 cUHEX mapos. U3 amuka cay-
4aiHbIM 06pasom GepyT oxuH map. BepoaTHocTs Toro,
YTO 3TOT LIAP OKAMKETCS JKEJITHIM, paBHA:

1) 100%; 2) 0,3%;
3) 0,7%; 4) 0,5%.

27. MaTeMaTrnyecKasa CTATUCTHKAa — 3TO:

1) pasgen MaTeMaTHKM, U3YIAIOMMI CBA3M MeXAY CIy-
YafiHEIMHU BeJIMUMHAMUY;

2) pasfien MaTeMaTHKH, IOCBAIIEHHBII METOAAM CHCTEMA-
TH3ATHM, 00paGOTKYU U HCCIEROBAHUS CTATHCTHYECKIX
HaHHBIX;

3) pasfien MaTeMATHKHM, N3YYAIOMINNA CBA3H MEXKIAY Me-
TOXAMY CHCTEMAaTHU3AINH;

4) pasfies MaTeMaTHUKU, U3YIAIOIIN CBA3U MeXAY HYHK-
OUAMH.

28. TucrorpaMmma — 3To:

1) rpaduk QyHRINM;

2) rpadmieckoe u306paxkeHe HHTEPBAILHOTO PALA Pac-
npefesIeHs;

3) rpaduueckoe m3obpaskeHMe AUCKPETHOTO pAfa pac-
npeAeeHus;

4) rpadudeckoe u30GpaXKeHWe OTHOUIEHMUS YACTOTHI K
OTHOCHUTEJNBHOH 4acToTe.

29. MaremaTu4ecKoe OXHJaHWEe XUCKPETHOH CiyvaiiHoOM
BeJIMYMHBI, 33JaHHOK 3AKOHOM paclpeAesieHNs, PaBHO:

X 4 5 6

P 0,4 0,1 0,5
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1) 15; 2) 5,1;
3) 4; 4) 6.
30. Bribopka — 23TO:
1) MHOXecTBO 0GbEKTOB, CIYyYailHO OTOOPaHHBIX U3 Te-
HepaJbHOH COBOKYIITHOCTH;
2) MHOECTBO 00'beKTOB, OXHOPOAHBIX OTHOCHUTEIBHO
HECKOJIBpKUX IPUSHAKOB;
3) MHOKeCTBO OOTLEKTOB, OJXHOPOJAHBIX OTHOCHTEJIBHO
OAHOTO IpU3HAKA;
4) MHOXeECTBO OG'BEKTOB, COODAHHBIX N0 ORHOMY IpH-
' 3HAaKY. :

Bonpochi o Teme

1. Kakue 6udbi 2paguros ucnoib3yiomeca 018 zpagduieckozo
npedcmaenenus 6b.00pKuU?
2. Ymo makoe 2pynnupoéarHoe cmamucmuieckoe pacnpe-
denenue?
3. Jlaiime onpedenerue OCHOBHbLLM Xapakmepucmukam
6bL00pOUHOZ0 pacnpedenerus.
4. I'de naxodam npumeHeHue CMAMUCMULECKUE paciembi?
5. B uem cywecmeennoe omauiue CMamucmuieckozo u
UHMePBaNbHOZ0 pacnpedenenus 6b.00pKU?

Tema 4.6. Menuko-gemorpacuyeckue
noxkasarenu

@) TepmuHbl

o [lemorpadua

o Memuko-AeMorpadpuaeckne MOKa3aTean
o TToKasaTeNb POKAAEMOCTH

» TToxasaresib CMEPTHOCTH

o EcTecTBEHHBIN MPHPOCT
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OCHOBHbIE NOHATUA

Menuko-gemorpadiuyeckne nokasarenu

Hemorpadusa (or rped. deémos — HapOA H ...rpadus) —
HAYKa O HAPOJOHACENIEHHM, O 3aKOHOMEPHOCTAX BOCIIPO-
H3BOJICTBA HAacCeJeHUA B OOIIeCTBEHHO-UCTOPUUECKOH 06y-
CIIOBJIEHHOCTH 3TOro nponecca. ITo marepuanam craTucTuky
AeMorpadus u3y4yaer BOCIPOM3BOACTEO HACETIEHUSA B IeJioM
¥ ero KOMIIOHEHTH KaK MAacCOBBIe COI[MAJIbHBIE IIPOIECCHI,
WX KOJUYECTBEHHEIe B3aMMOCBI3M ¢ BO3PACTHO-TIONOBOIH
CTPYKTYpPOil HaceleHUsA, 3aBUCHMOCTH OT COIMANBHEIX M
S9KOHOMMYECKHX ABJIEHHH, XapaKTeP B3aUMOZAeHCTBHSA POCTa
HaceJIeHUs ¢ 00IeCTBeHHLIM PA3BHUTHEM. Hpnmenaa craTu-
CTHYeCKHe, MaTeMaTHYeCKue U, COOCTBEHHO, AeMorpaduye-
CKIe METOAH, PaspabaTHIBAIOTCS TEOPUsA BOCIPOU3BOACTBA
HaceJIeHHUd, AeMorpaduyecKkye IPOrHO3kLI, 0G0CHOBLIBAETCS
AeMorpaduyecKas MONTUTHKA CTPAHEL.

OCHOBHEIMYE MeUKO-IeMOrPAhHIeCKIMH IOKA3ATEAAMHI
ABIAKTCHA POXKAAEMOCTh, CMEPTHOCTH, €CTECTBEHHBIH NpH-
pOCT HaceJeHHs.

Koaddunuenrom (mau mokasarenem) poskaaeMoCTH
Ha3bIBAETCA UHCJIO POAUBIINXCH 34 IOX, NPUXOZAIIeecs HA
1000 nacenenus. Koaduuuentom oGmeit CMEpPTHOCTH
CIYXKHUT KOJMYECTBO yMepiiux 3a rox Ha 1000 maceneHms.

EcTecTBenHsIii NpHpOCT HaceJeHMA MOXHO YCTaHO-
BUTH JUIIb NPH OJAHOBPEMEHHOM HM3YYEHHHU DPOXJAEMOCTH
H CMEPTHOCTH B HX B3auMHoH cpasu. Ifoxkasateian ecre-
CTBEHHOT0 IPHUPOCTa OIpEeJeJsIeTCs HMyTeM BBEIYHUCICHUSA
Pa3HOCTU MEXY IOKa3aTeJIAMU POXKIAEMOCTH ¥ CMEPTHOCTH
HaceJIeHn4,

[ToraszaTenu n3MepAIOTCA B IPOMUILIE (THICAIHAA YACTB);
obosnauarored %o.

ITo onenxe PegepansHoil 1y 165l rocyiapcTBEHHOH CTa-
tucTuKH (Poccrara), uncneHHOCTD TOCTOSHHOIO HACETCHUS
Poccuiickoit Megepanuu ma 1 aBrycra 2009 r. cocraBmsana
141,9 MiH yemoBeK M ¢ Havana roja yMeHBIIWIACH HA
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31,5 ThHIC. uenoBeK, win Ha 0,02% , a Ha COOTBETCTBYIOMIYIO
IaTy mpembiAywiero roga — Ha 125,1 Thic. 9eI0BEK, MM HA
0,09%.

1 oxTa6pa 2009 r. crano usBecTHo, 4To Poccrar, B xoze
HOATOTOBKH OTJIOKeHHo# mepemucu 2010 r., oGHapyxui,
YTO TEKYIIasA YACIEHHOCTh HaceneHus Poccuu MoKeT cocra-
BuTh 140 MJIH UesNOBex, UTO Ha 2 MJH MeHbIIe PacdeTHOH
nudpsl. o 0GHAPOROBAHHEIM B Hadajie OKTAGDA TOro e
rojia JAHHBIM JOKJIZNA Hporpammer paseutusa OOH crpana,
HaceJIeHMe KOTOPOM coKpaTmjach Ha 6,6 MJIH 4elOBeK C
1993 r., norepser k 2025 r. eme 11 MaH.

Coruacuo exeronuomy Joxnany @ouzsa OOH B obiractu
HapofoHacenenus 3a 2004 r., B Poccum mpojgoxaercs je-
morpaduyeckuii KpU3uc.

Poct HaceseHus B crpaHe mpexparmics ¢ 1991 r. (pox-
naemocts B PCOCP ynana HHKe YPOBHSA IPOCTOTO 3aMele-
HUsA HOKoJeHui eme B 1960-e rr.). CmeprHOCTS B 1,5 pasa
IpeBBIIIaeT POKAAEMOCTH, HACEeJEeHHe COKpaIlaercd Ha
HECKOJBKO COTEH TBICAY YeJIOBEK e:KerofHo.

HeratusHoil ocoGerHocThi0 Poccuy aBisgercda TOT QakT,
4TO B pesy/bTaTe AeMorpadndecKoro nepexo/ia poxaaeMocTb
ymana Jio yPOBHS PasBUTHIX CTPaH, B TO BpeMA KaK CMepT-
HOCTH JOCTUIJIA YPOBHA Pa3BUBAOIUXCAH.

Tlo MHeHHUI0O HEKOTOpPBIX AeMorpados, majeHue cMepT-
HOCTH B Pe3yJbTATe PAasBHTUA 3APABOOXPAHEHHUA KOMIIEH-
cupoBasock ¢ 1960-x IT. pOCTOM aIKOr0JbHOH CMEPTHOCTH.
AnxoronbHas cMeprHocTh B Poccunm (600—700 Teic. ueio-
BeK B roff) CBA3aHA C CAMBIM BBICOKMM B MUpe YPOBHEM
rmoTpebIeHHs JIEraJbHBIX M HEJeraJlbHBIX AJKOTOJbHBIX
HanuTKoB. OHA MOKpHIBaeT coboit 6obIIyI0 YacTh PasphiBa
MeKJy POXAaeMOCTHIO ¥ CMEPTHOCTEIO, 00YCIOBIMBAIONIEro
penonyaanuio Poccun.

9TOMy MHEHUIO HUKAK He IPOTHBOPEYUT MHEHHE HEeKO-
TOPBIX APYIUX AeMorpadoB, KOTOpbIE CYUTAIOT, ITO BRICOKAA
CMepTHOCTH CBf3aHa C He3aBepIIeHHOCTHIO IPOIECCOB MO-
nepHusannu Pocenu, BRJIIOYAS COIMOKYJbTYDPHBIN aCHEeKT.
B uacTHOCTH, 3a60Ta 0 COGCTBEHHOM 3[[0POBLE He SBJIAETCA
BBICOKOi IIeHHOCTHIO B PAMKAaX MEeHTAINTETA CYIIeCTBEHHOM
YaCTH HaceJeHUsA, UTO IpenolpefiesifeT BEICOKYIO AJTKOT0IM-
3aIIMI0, CMEPTHOCTD OT HECYACTHHIX CIIydaes (BKJIOUaA JOTI),
aHOMAIBHYIO PacHpOCTPaHeHHOCTh pAna GosesHei U Ap.
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Coxparenue YnuCIeHHOCTH HACETEHUA HECKOIBKO CHED-
JKUBAETCA MMMMUrpanuei, B IepPBYI0 o4YepeAb STHHYECKHX
PYCCKHUX M PYCCKOA3BIMHEIX n3 crpad CHI' (Kasaxcran, Cpen-
HAA A3ua u 3aKaBKasbe), OAHAKO K HACTOAIMIEMY BpEMeHHU
9TH Pe3epPBEI COKpamalmoTcs. Poccusa He cMorsia B NOJHOM
Mepe BOCIOJIb30BATHCS OMArONpPUATHOH KOHBIOHKTYPOH M
CTPEMJIEHHEM COOTEYECTBEHHHUKOB BePHYTHCH B Poccuio (Bo
MHOTOM H3-3a HErHOKOM MMMHUIDAIIMOHHON MOJTUTHKH).

lepenuch HaceneHus

Ilepenucy HaceneHuss — 3To opranusanmus cbopa, o6pa-
00TKM U ny6IuKanuy eMorpaduecKux, 9KOHOMIUYECKUX U
COIMAJIBHEIX JAHHBIX 000 BceM HaceleHHH, IIPOKHBAIOIIEM
B OIlpefleJIeHHBIA MOMEHT BPEMEHU B CTpaHe.

IIpunmnunsl nepenucn:

1. BceoGInHOCTh 0XBaTa HACEJEHHA.

2. HenocpejcTBEHHOE MOJyIeHHe CBeAeHMH OT HaceleHUs
IyTeM OIpoca KOHKPETHHIX JINII.

3. Camoonpenenenve mofeil Ipu OTBETaX Ha BOIPOCHI,
T. €. MIEePelNCch MPOBOJUTCA TONLKO IO OTBETAM CAMNX
onpamnBaeMbIX, 6e3 OIpebABIeHN UMH JOKYMEHTOB.

4. KorduaeHIIaIsHOCT COO0IIaeMbIX HacelIeHIEM CBefe-
HUIH,

TouHOCTE M COMOCTaBUMOCTE BCEX AAHHBIX, MOJIYUEHHBIX
TIpU Nepenycy, 00ecIeInBaOTCA:

1) npoBesenneM nepenucH o efUHOM IPOrpaMMe 1 IPABH-
JIaM Ha Bcell TepPHTOPHHU CTPAHBI;

2) cGopoM cBeA€HUI Ha OfHY AATy, Ha OAHO H TO YK€ TOYHOe
BpeMs — MOMEHT CUeTd HacCeJICeHHU,

3) pesynpTaThl MEPenncH MyGIMKYIOTCA TOJABKO B BHAE
CBOAHBIX TAaOJUI, (NPUHOUN KOHGUAECHIUATLHOCTH).
ITo namrbIM Depenucu Hacenenus 2002 T. YUCIEHHOCTH

Hacenenus Poccun ¢ 1989 mo 2002 r. ynana sa 2,8 MuH.
B nacrosiee BpeMs Kaxayi0 MUHYTY B Poccuu posxzaoTcs
3 yenoBeka, a ymuparT — 4. O6memMupoBas TeHIEHINS
IPOTHUBOIIOJIOKHA: OTHOIIEHUE KOJHYECTBA DPOKICHUN K
cMepTaM pasHO 2,6. OcofeHHO BeIUKa CMEPTHOCTb YV pOC-
CHUCKHX MYKYHH, CPeAHAA HMPOXOIAKHUTENBHOCTD JKH3HU
KOTOpHIX 61,4 roga, 4TO CBA3aHO, B YACTHOCTH, C BHICOKHUM
YPOBHeM NOTpPe6JIeHNA KPeNKUX AJKOTOJbHLIX HATUTKOB,
GONBIIMM KOJHMYEeCTBOM HECYACTHBIX CIydYaeB, YOMMCTB u

365 ‘




camoy0OuiicTs. IIpomo/nKUTEIBHOCTD XKUSHY JKeHIITUH 3HAYN-
TeJLHO BhHIIe — 73,9 roga. YposeHs poxkaaemoctu B Poccuu
He ofeciledyuBaeT IPOCTOr0 BOCIPOM3BOACTBA HACEIEHUA.

ITanee mpeACTABIEHEI MAaTEePUANBl BCEPOCCUHCKOH Ie-
penucH Hacemexnusi 2010 r., gaHHbIe B3ATHI ¢ caliTa WWW.
http://www.perepis-2010.ru/results_of_the_census/
results-inform.php, @egepanbaas rocyjapcTBeHHasa cIykba
CTATUCTUKH.

TIpescTaBIeHHBIGFUTOIN HHTEPECHH HE TOJHKO UMCJIEH-
HBIMHI IIOKA3aTeJIAMH, HO M pasHooOpasueM ZHarpamm, C
KOTODPLIMU AOJKHBI YMETH paboTaTh MeAMIHMHCKHe paboT-
HHKH cpeJHero 3BeHa.

PacemorpuM HeKOTODBIE NTOTH Beepoccuiickoit epenucu
Hacenenns 2010 r., moiyueHHBIe B pe3yiNbTaTe aBTOMATU-
3UpoBaHHON 00paboTKM mepenucHslx JauctoB PegepanbHOK
cIIy»K60# rocyZapCTBEHHON CTATHCTUKH.

1. YHCNIEHHOCTb U Pa3MELEHHE HACENEeHMA

ITo manueIM BeepoccnificKoi mmepeniuc HaceNeHUs, IIpo-
BefleHHOI1 1o cocrosumio Ha 14 orkrabpsa 2010 rogma, umc-
JIeHHOCTh TIOCTOSIHHOrO HacejeHus Poccuiickoit Penepann
cocraBmaa 142,9 MiH JesioBeK.

IIpu nepenucu 6n110 yureHo 90 Teic. rpaxkjan Poccuii-
ckoil Megepanun, HAXOAAIUXCS Ha JATY IIEPEIUCH 3a pyDe-
JKOM B CBA3Y € AJUTEIBHON CNyKeOHOo# KOMaHAMPOBKOM 1O
JIMHMH OPraHoB rOCYJapCTBEHHOMH BIACTH ¥ MPOMKUBAIOIINX
¢ HUMH UJIeHOB UX AoMoxozsaiicTs (B 2002 r. 107 TrIC.).

Kpome Toro, npu nepenucu 6u110 yureno 489 TrIc. ueso-
BeK, BpeMeHHO (MeHee 1 roja) HaXOAWBIIMXCA HA TE€PPHUTO-
puu Poccuriickoit Pemepaliiii ¥ MOCTOAHHO NIPOXKHBAIOIINX
3a pybexom (B 2002 r. — 239 ThIC. YeJOBEK).

Poccuiickaga Pefepaninsd 3aHEMaeT BOCbMOE MECTO B
MHpe 110 YHCIeHHOCTH HacesdeHus mocie Kurag (1335 miu
yenosek), Maaunm (1210 mun yemosek), CITA (309 min ye-
snosek), Muaonesuu (238 murH venosek), Bpasumuu (191 mrr
yejgosek), Ilaxmcrana (165 mMuH vyemoBex) M Banrnagem
(147 MIH YeJOBEK).

IIo cpasHenuio ¢ mepenuchio HaceneHus 2002 r. guc-
JICHHOCTHL HaCeJNeHUsi YMeHbIIMiach Ha 2,3 MIH YeJIOBeK,
B TOM 4uCJe B TOPOJCKUX HaceJeHHBIX NYHKTax — Ha 1,1
MJTH 4eJIOBeK, B CEJIbCKOIl MECTHOCTH — Ha 1,2 MJIH YeJIOBeK.
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CpeaHeronossle TeMIEI
Tricad 4es0BEK o
2010 r. cokpauesus, B %
B % K cnpaBOYHO,
2002 r. | 2010 r. | 2002 r.* ;3120033 3a 1989-
) 2002 rr.
Bce nacerenne | 145167 | 142857 98,4 -0,20 -0,09
Popozcxoe 106429 | 105314 | 99,0 -0,13 -0,10
HaceJegue
Censcroe 38738 | 37543 | 96,9 -0,39 -0,06
HaceJeHHue

*3nech W Jajlee OTHOCHTEJbHEIE TIOKA3aTelN PACCINTAHEI N3
26COTIOTHRIX AAHHBIX A0 KX OKPYTJIEHUA B THICAIM WM MUATMOHEI
YeJIOBeK.

Kareropun HaceleHHd, yYTeHHOro Npy MPOBEeHHA
Bcepoccuiickoii IepenucH HaceJeHus 2010 r.

_ BCEIO YYTEHO NPU BCEPOCCUIACKON
MEPEMNCU HACENEHUA 2010 .
143 436,2 mbic. Yyenoeex

[ |
HACENEHUE TNMuua, BpeMeHHO HaxoauBLLnecs
POCCUUCKON Ha TeppuTopumn Poccuiickon ®enepauvy,
SEQEPALIMK HO NOCTOAHHO NPOXUBaloUMe 3a pyGexoM
142 946,8 489,4 mbic. Yenoeex

mbic. 4ernosek

NOCTOAHHOE IpaxaaHe Poccuiickon Penepauum, Haxo-
HACENEHUE AWBLLIKeCH 3a pyGexoM B CBA3U C anuTenb-
POCCUNCKON Hoi cryxebHon KOMaHAUPOBKO#A NO NUHUA
®ENEPALIMM OpraHoB rocyapcTBeHHo! BracTv
142 856,5 90,3 mbic. Yenosexk

mbic. Yenoeex

COOTHOIIEHNE IOPOMKAH U CEILCKIX JKUTeNIeil COCTaBY-
70 B 2010 r. 74 u 26% COOTBETCTBEHHO.

Hacenenne Poccuiickoit @efepaniyyl NpoxUBaeT B 2386
FOPOACKUX HACeJIeHHBIX MYHKTaX (ropojiax ¥ IOCeJKax ro-
pozckoro Tuna) u 134 Thic. CeNLCKUX HACEJeHHBIX IYHKTAX.

HUsMmeHeHNs B pa3MelleHHM IOPOACKOro HaceJeHHsd
XapaKTepU3YIOTCA CIEeAYIOIUMH NaHHBIMU:
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B ropojax IpOXXMBaeT 93% TOpOACKOTO HaceleHH# (B
2002 r. — 90%), ocTanbHOE TOPOACKOE HAaceseHue KUBET B
[oceJIKax FOpOACKOro THIA.

HaMeHeHHE YHCISHHOCTH MOCTOSHHAOTO HACEACHHHA
(o JapHBIM nepenuceii), MJIH eJ0oBer

1607 e 8 U2 g

140 1
120 ;
100 4
80
60 |
W
20
04

MfTH YEROBEK

1959 1. 1970 . 1979 v 1989 r. 2002+ 2010r.
B roposckoe cenbcKoe

CooTHOmeHHEe FOPOACKOT0 H CEeNCKOro HACeJeHu:H
Poccuiickoit ®emepanun, %

Cenbcxoe
Hacenexue

Topoackoe
Hacenenne

"T4959tr.  1970%  1979%  1989r  2002r  2010r
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3a MeKIIepenuCHOM IIepuoj YHUCJIO CEJbCKHX HaceJeH-
HBIX OYHKTOB YMEHBLUIIMJIOCH Ha 8,5 THIC. ceJl M JepeBeHb.
9T0 TPOM3OIILIO 32 CUET BKJIIOUEHUS CeJIbCKUX HaceJIeHHBIX
TIIYHKTOB B 4epTy T'OPOAOB M IIOCEJKOB M'OPOJACKOTO THIA, a
TaKKe MX JUKBHAAUMY II0 PElIeHUSM MECTHBHIX OPraHOB
BJIACTH B CBSA3K C €CTECTBEHHOH YOBIIBIO X MUTIDAUVIOHHBEIM
OTTOKOM HaceJIeHUd B JPYTHe HaceJleHHbIe MyHKTHL. BmecTe ¢
TeM IpH mepenucy ObLIo 3adbuxcrpoBaHo 19,4 TeIC. CelIBCKUX
HaceJeHHBIX NYHKTOB, B KOTOPHIX HacejeHne PakTudecKH He
npoxkusano. 1Io cpaBHEHHIO ¢ IIPOILJIOH IIEPENHChI0 JUCIO
TAKUX HaCeJeHHBIX MYHKTOB yBelIHM4maoch Ha 48%.

2. PasmeuieHue HaceneHus no TeppuTopuu
Poccuiickon degepauun

YucieHHOCTh HaceJeHUA mo ¢eJepajbHBIM OKpyram
U3MEHUIACh CIeAYIOIINM 00pas3oM:

Bce Hacenenue, B % K urory
MJIH 4el.
2002r. | 2010r. | 2002 . | 2010 .

Poccniickas ®exepanus 145,2 142,9 100 100
Hen'rpanhnmfl 38,0 38,4 26,2 26,9
(demepaibHBIi OKPYT
CeBepo-Bana;}Hmﬁ 14,0 13,6 9,6 9,5
denepanbHbli OKPYT
TOxubit ) 14,0 13,9 9,6 9,7
denepalbHbIH OKPYT i
CeBepo—Ranfscrcun . 8,9 9,4 6,2 6,6
denepanbHLll OKpPYr
Hpnsonxccmiﬁ 31,1 29,9 21,5 20,9
denepanbHBIL OKPYT
Ypansckut 1 12,4 12,1 8,5 8,5
denepanbHLIN OKPYT
CuGupexuit 20,1 19,3 | 13,8 13,5
¢enepanbHEBI OKPYT
llanbnesoc'ro:mmﬁ 6,7 6,3 4,6 4,4
denepasbHEIX OKPYT

372




3. BospactHo-nonoBoii cocras

ITo mamHBIM Depenvicu Hacemerns 2010 r. YUCJIEHHOCTh
JKEHIIUE NPEBHIIaeT YHCIEHHOCTh MYXXuuH Ha 10,8 Min

qesoBek. B 2002 r. aro npeBbluenue cocrasiszo 10,0 man
YeJIOBeK.

Mng wenoser Hoxa Myxuur

2010r.8 % B o6oIeit
Mysxaans YKenmunnr ¥ 2002 r. YHCACEHOCTH
HacexeHus, %

Myx- | Ken-
2002 r.}2010 r.| 2002 r.|2010 1. quE | e 2002 r.| 2010 r.

Bee 67,6 | 66,1 | 77,6 | 76,8 | 97,7 | 99,0 | 46,6 | 46,2
HaceJIieHHe

Topoacxoe | g, 48,1 | 57,3 [ 57,2 | 97,9 | 99,9 | 46,2 | 457
HaceleHHe

Ceunbcxoe 18,5 | 18,0 | 20,3 | 19,6 | 97,1 | 96,7 | 476 | 478
HacelleHHe

Ha 1000 myxunsr B 2010 r. npuxopuxocsk 1163 xenmu-
HEI, B 2002 r.— 1147.

Ho panseiM mepenmcu 2010 r. npeoblasianue YHCIeH-
HOCTH JKEHINUH HaJ YHUCICHHOCTBIO MY)KYMH OTMEUAETCH ¢
30-neTHero Bospacra (8 2002 r. — ¢ 33-meTHeErO BO3pacra).

3ameTHEIE H3MEHeHMA IPOU3OILIHN B BO3PacTHOM cCocTaBe
HaceJIeHUdd.

Yucao xenmun na 1000 myxunn

WS ropogekos [T CBNLOKOS == BCO HACENEKHE
1250 | 1243

-+
]

o 1196—

\.

1200 121 S sL 1174
-

-
~ 1147 1163
- 1440 -
1150 1218 wesl o™ - o o -
1100 125
1098
1050 104

1959 ¢ 1970+ 1979«

1889 r. 20021 2010+

ITo uroram Beepoccuiickoit nepenucu HacexeHus 2010 r.

CPeHUI BO3pACT JKUTeJel CTpaHB cocTaBmy 39 Jer (B
2002 r. — 37,7 ner).
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BospacTHo-II0JI0Bad NHUpaMUia HANIALHO HINIOCTPUPYET
NPOM3ONUIEAIIe H3MEHEeHUA B MeKIePerlucHOl Ieprox.

2002 r. 2010 r.

Bospacr, ner Bospacr, net

: HettyuHbi MyxuuHs! by KenLmkb!
8 85
0 &
5 s
el 70
65 &5
0 €
85 o 55
5 50
45 45
© 40
£ 25
B 20
25 g 25
N x 26
. s 15 9
13 1
H 5
9 e 4 ey
1500 1000 500 O O 500 1000 1500 1500 1000 500 O 0 500 1000 1500
THIC. Nen. THIC. Yen.
W wonoxe TpyAOCNOCoGHOM Bo3pacTa B = TpyaocnocoSHom so3pacte

[ crapwe TpyrocrocoBHoro Bospacta PA3HMLA MEXAY YNCAEHHOCTBIO MYXHUH W KEHLIMH

MenuauHBIA BO3PACT HACEJEHHNS O OTIEJILHBIM CTPAaHAM, JeT

Anonmna 44,7
Fepmatns 44,3
Wranus 43,2
DuHNSHAUA 42,0
Asctpus 41,8
(Useviuapus 41,4
Ulseuus . 40,7
Wenanus 40,1
dpanips 39,9
BenmkoBputanun 39,8
Hopeerms 38,7
Poccus* 38,0
ClA 36,9
l
¢} 10 20 30 40 S0

Tlo naunsiM Beepoccufickoi epeunncn Hacenenus 2010 r.: Meguasrsblit
BozpacT — 38 jer., cpegHuii Bospact — 39 ner. Mcrouauk uubopManuu
no apyrum crpaaM — World Population Prospects. The 2010 Revision.
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4. Cocroaxue B Gpake, poXaaemocTb

Yucno cynpyskecKux nap cocrasmio 33 muH (8 2002 r. —
34 miH). M3 ob1ero yucia cympyskeckux nap 4,4 mus (13%)
COCTOSAIM B HesaperucrpuposanHom Opaxe (8 2002 r. —
3,3 muH, uan 9,7%).
BpaguHoe cOCTOAHME HACEJIeHH
B Bo3pacte 16 jeT u Gosree, MIH e,
80 7
70 - 67,9 66,5

02002 (J2010
60

50

40

30 24,9 24,0

20
135 138 415 116
10
0 - T T "
Hukoraa we Cocrosume Bposble PasBenieHHble
cocronBumMe B Gpake B Gpake OMUMANBHO H
pasowenumecs

Kpome Toro, 1,8 Thic. 4eJ0BeK B Bo3pacTe MoJIoXe 16 jer
yKa3aju, 9T0 OHU COCTOSAT B Opake, u3 Hux 1,1 TrIc. derno-
BeK — B HezapeructpupoBaHHOM (B 2002 r. cooTBETCTBEHHO
3,7 TeIC. ¥ 2,2 THIC. YEJIOBEK).

Bpaunoe cocroamne HaceaeHHS
(1a 1000 uexoBex B Bospacte 16 meT n Goaee)

o -
70 [J 2002r. W 2010r.
600+ §78 573 @] cocToAume

‘ B He3aperuCTPUPOBaHHOM Gpake
500
400+
300+
2001 15 19
101

100 95

o Hukorga #e coc Brosbie Paseepetinbie

s 6pake " pazowepgiunecs
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IIo nanubiM nepenucu 2010 r. poxAaeMOCTE V KeHINUH
B BozpacTe 15 ner u Gosee, IPOKUBAIOMINX B YACTHEIX HO-
MOXO3AICTBaX, XapaKTePU3YETCs CIeAVIOLIMMA JAHHBIMME:

Bce keHIIUHEI B BO3- MnH gesoBek 2010 r. B % k urory

pacre 15 ner u 6onee, B% K
OTBETHBIIHE HA BOIPOC 2002 r. 12010 r.| 9002 r. | 2002 r.|2010 .

0 POXITaeMOCTU, M3 HUX

YKa3aJH TUCIO POXKIEH- 62,9 62,4 99,3 100 100
HEIX TeTeil:

1 19,2 19,4 101,4 30,5 31,2
2 21,2 21,5 101,5 33,7 34,4
3 5,6 5,5 97,5 8,9 8,7
4 1,6 1,4 87,1 2,5 2,2
5 u 6onee 1,7 1,2 72,3 2,7 2,0
He ponmnu Hu oxsOro

13,6 13,4 98,4 21,7 21,5

pefeHKa

Cpeanee 4MCIO POKACHHBIX JKEHIMHAMY JeTeil yMeHb-
muyiock B pacuere Ha 1000 xewmun ¢ 1513 B 2002 r. xo
1469 B 2010 r. B ropoicKux HaceleHHBLIX INYHKTAX 3TOT
nokasaTenb coctaBun 1328 mereit (8 2002 r. — 1350), a B
cere — 1876 (8 2002 r. — 1993).

13 obmieii yrcIeHHOCTH SKEHIUH B BospacTe 15 et u 60-
Jlee, POAMBLINX AeTell, IEPBOro pefeHKa POANIN B BO3PACTE
15—19 mer 19% :xeHiuuH, B BospacTe 20—24 metr — 54%, B
BospacTte 25—29 jer — 19%, B Bospacre 30—34 jget — 5,3%,
B BospacTte 35 seT u Gomee — 1,9% sxeHuUIUH.

5. Yucno v cocraB JOMOX03AMCTB

B 2010 r. 610 3adukcupoBano 54,6 MJIH YacTHBIX AO-
MOXO03AHCTB, B KOTOPBIX Opoxkusajo 141,0 MaH yejoBex,
uin 99% Bcero Hacemenus Poccun. Ilo pasmepy gacTHEIE
JOMOX03giCcTBa (Zajee XOMOX03dHCTBA) pacHpelelAloTCH
CAEZVIOIIUM 00pasoM:
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Yncno pomoxo- | 2010 r., B % x urory

Bceero xoMoxo- "

3sA#CTE, B TOM YHCIE 3AUCTB, MIH B% K

KOMOXO3HMCTRA, 2002 r. } 2010 r. | 2002 r. | 2002 r. | 2010 r.

cocroamue: 52,7 54,6 | 103,5 100 100
u3 1 yesoBeka 11,8 14,0 119,4 22,3 25,7
U3 2 4eJOBeK 14,5 15,6 107,1 27,6 28,5
Hu3 3 YeoBeK 12,5 12,3 98,0 23,8 22,5
u3 4 yenoBex 9,0 7,9 88,4 17,0 14,5
u3 5 gemoBex 41 3.0 2,9 96,1 5,7 5,4
u3 6 u Gonee 1,9 1,9 | 974 | 36 3,4

YesioBeK

Cpenuuit pasmep fxo- 2,7 2.6 N » <

MOXO03aHcTBa, 4e.

Cpeanuii pasMep A0MOX03dicTBa (cpefiHee YNCJIO0 UIeHOB
ZOMOX03aicTBa) B Poccum ymMeHbmImics u cocrasua 2,6 ve-
aoseka (B 2002 r. — 2,7 vyemosexra). HeBricokmit cpepumit
pasMep AOMOXO038icTBa B Iejiom no Poccum o0ycromieH
Haju4YueM OOJIBIIOrO YMCJIa NOMOXO3AHCTB, COCTOAIINX U3
OJHOTO M ABYX YeJIOBEK, TAKHe JOMOXO3AHCTBA COCTABIAIOT
60Jiee MOJOBMHBI BCeX YACTHHIX JOMOXO3AMCTB.

Cpean 10MOX0381CTB, COCTOAIINX U3 ABYX U 60jiee 4eyo-
BeK, 17,9 maa gomoxosaiicTs (44%) umeloT Jfereil MoJoxKe
18 set (8 2002 r. noM0OX035HCTBa, UMEIOIIHE JeTeld MOJO-
ke 18 ger, cocraBnsnu 52%). B MexnepenucHo# mepHox
YBeJIUUMIOoCk Ha 15 % 4wncio JOMOX03AUCTB, He MMEIOLINX
mereit no 18 Jet.

B cocraBe aomoxo3siicTB, Kak B ropofie, TaKk ¥ B cele,
TIO-IIPEKHEMY NpeolGafialoT JAOMOXO03AHNCTBA ¢ OAHHHM pe-
OeHKOM.

B KOJLUIEKTHMBHEIX AOMOXO03SAHCTBaX (3TO JIAIA, MPOXKH-
BalOIVie B JETCKMUX JAOMAX, UIKOJAaX-MHTEpHATaxX AJA Je-
Teli-CUPOT U JeTell, ocraBmnxcs 6e3 moneueHns poguTesei,
CTAIIMOHAPHAIX YUPEeKAEHUSIX COUANBHOI0 O0CIYKHBAHUA,
KazapMax, MecTax JHINeHUs CBOOGOALI, MOHACTHIPSX U TOMY
NoZOOHEIX CHeIMANUSHPOBAHHBIX YUPEXKAEHUSIX) YITEHO

1,8 MnH yenosek, a B 2002 r. — 2,3 man yenosex. Ilpu ne-
penncu 2010 r. 66110 3aduKCHPOBAHO 34 THIC. JOMOXO3AHACTB
Gesgomunx (B 2002 r. — 68 ThIC.), B KOTOpPBIE BXOAAT NOYUTH
64 TrIC. yesoBex (B 2002 r. — 143 THIC. YeNIOBEK).
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Uncno # pasmep moMoxozsiicTs

B Hux npoxusaet
141,0 Mnx yenosexk,
unu 99% Bcero

HaceneHus Poccuu

54,6 mnH
YaCTHbIX
AOMOXO03ACTB

Cpennuit paamep
AOMOXO3AUCTBA —
2,6 yenoseka

54 %

® 31 uenosexa — 25,7%

14,5 %

®u32uenosex - 28,5%
®us3yenosex - 22.5%
wwiduenosex ~ 14,5%
B H354enosex -~ 5,4%

22,5%

% w36 wenosek v Gonee — 3,4%

€

6. HaunonanbHeii cocras,
BllafleHne A3bIKami, rpaXxaaHcTBo

B coorsererBnu ¢ Korcruryuueit Poceuiickoit Degepa-
VY HallMOHAJIbHAA HPUHALNEXHOCTh B X0/l OIpoca Hace-
JIEHUA YKa3hIBAJNACh CAMHMU ONPALIMBAEMBIMH HA OCHOEE
CamoonpeReeHUA U 3alUCHBAIACh IEPENUCHEIMU PaGOTHH-
KAMM CTPOro CO CJIOB ompaimnsaeMbx. IIpu pacemorpenun
HAIMOHAIBLHOTO COCTaBa HAaCENeHUSA CleyeT UMeTh B BUAY,
ITO Ha YUCJIEHHOCTE HACEJNEHUS OTHAENbHBIX HAIlMOHAMBHO-
CTeif MOIJIO NOBJMATH TO, YTO HACENeHHEe HMMENo IpaBoO He
OTB€YAaTh Ha BOMPOC O HALMOHANBHOM NPUHALIEHKHOCTH.
B cBasu ¢ atum B 2010 r. y 5,6 MuH YenoBek (zmourtn 4%, B
2002 r. — 1,5 MuH yenoBex, unu 1%) orcyreTsyror crenenus
0 HAUVIOHATBHOM NPUHANIEKHOCTH, U3 HUX 0 3,6 MJIH deo-
BEeK CBeJleHNA MOJNIYYeHB U3 afMUHHUCTDATHBHEIX MCTOUHH-
KOB, a 2 MJIH YeJIOBEK He OIIPele IHIN CBOIO HaIlMOHAJNBHYIO
NPUHALJIEHHOCTD.
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HsMeHenue YMCIeHHOCTH HaceJeHHd Haubolee
MHOT'OUMCIeHHBIX nauuonannuoc'reii
XapaKTepHu3yeTcd caexyromuMu TaHHbIMM:

- B % K yxkasaBmuM
Minn genoBek HAUMOHAILHYIO
NPUHAAIEIKHOCTh
2002r. | 2010r. | 2002r. 2012 r.
Bce macenesune 145,17 142,86
B TOM YHCJE yKa3apmimé
HAIMOHAJNBHYIO IPHHAK- 143,71 137,23 100,0 100,0
JIeKHOCTh
pycckue 115,89 111,02 80,64 80,90
TaTapsl 5,55 5,31 3,87 3,87
YHKPaWHILL 2,94 1,93 2,05 1,41
GamKUPHI 1,67 1,58 1,16 1,15
qyBaIn 1,64 1,44 1,14 1,05
geyeHIbI 1,36 1,43 0,95 1,04
apMsHe 1,13 1,18 0,79 0,86
aBapIbl 0,81 0,91 0,57 0,66
MOpJBa 0,84 0,74 0,59 0,54
Kasaxu 0,65 0,65 0,46 0,47
asepbaitKaHIbI 0,62 0,60 0,43 0,44
JApruHIB 0,51 0,59 0,35 0,43
YAMYPTHL 0,64 0,55 0,44 0,40
MapuHAIBI 0,60 0,55 0,42 0,40
OCEeTHHEI 0,51 0,53 0,36 0,39
6enopych 0,81 0,52 0,56 0,38
KaGapAuHLBI . 0,52 0,52 0,36 0,38
KYMBIKH 0,42 0,50 0,29 0,37
ARYyTHI (Caxa) 0,44 0,48 0,31 0,35
JIe3THHBI 0,41 0,47 0,29 0,35
6YPATHI 0,45 0,46 0,31 0,34
HErYImu 0,41 0,44 0,29 0,32
Apyrue HAHOHAJIBHOCTH 4,85 4,81 3,40 3,51
He yxaszasirne Eanuo-
HAJNBbHYI0 IPHHANJIeX-
HOCTb M JIMIA, IO KOTO- 1,46 5,63
pPBHIM CBeZeHUA NONYyYeHB!
13 aZMUHHCTPATHBHBIX
HCTOYHHUKOB
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Hannonam,nmﬁ COCTaB HaceJeHusd, YKa3aBmero
HAITHOHAJLHOCTS B HEePEeNMCHOM JIHCTE, MJIH YeJIOBeK

Tarapw  NUNEARNEIEEREC A 5 3]
Yipaunus MISNCImRSI: 1 93
Saumupe:  NENINERGR ] 53

Yysawn NENWGRE ] 34
Heveruw RSO 1,43

Apmnwe BRI 1,18

Acapue:  JiRENeNE 0,91

Mopass vdbwm 0,74

Kavaxw  ER 0,65

AsepSaiananus WG 0,60
Aaprawun HURY 0,59

Yamypres S3N% 0,55

Mapuitim 5883 0,55

Ocerune: 10K 0,53

Genopyen S0 0,52
KaGapgurus 1R 0,52

wymsice 5N 0,50
fyrm {cax3) SR 0,48
Nesewnnr 0 0,47

 Pyccxvie ypsn T 0,46
Hurywu 998 0,44
’ s o e
4 [lpyrne HauuoOHaNLHOCTH L Wuwe s 4,81

Q 1 2 3 4 5 6

W3 oburero yrca YaCTHEIX JOMOXO3ANRCTE, COCTOAIIMX N3
2 u Oonee uenosex, 84% AOMOX03SAHCTE ABIAIOTCA MOHOHA-
UMOHANBHBEIMHE, TAe BCe YWIeHEI ZOMOX03AHCTBa IPUHALIeKAT
K OJHOIt HAUHOHAJBHOCTH.

B 2010 r. BrageHue PYCCKHM sI3RIKOM yKasauo 138 man
yenoBeK (99,4% u3 uncia OTBETMBINMX HA BOMNPOC O BJa-
JeHUU PYCCKUM a3pIkoM), B 2002 r. — 142,6 MuH yeno-
BeK (99,2%). Cpeam ropoxkaH BIafelM PYCCKHMM S3BIKOM
101 mur 4enosek (99,8%), a cpeau ceabCKOro HaceMeHHS —
37 muH uenosek (98,7%).

Cpenu apyrux s3bIKOB HanGojiee pacpOCTPaHEHHLIMHI
ABJIAIOTCA AHTTIUHCKUN, TATApCKUL, HeMeIKuii, YeUeHCKH,
OamrKMpCcKui, YKpauHCKUH, 9yBamICKuil.

Biagenne pycckuM »KecTOBBIM S3BIKOM ITyXHMX yKa3aIn
121 TwIC. yesOBEK.

YucnenHocTs rpaxgan Poccuitickoil Pepepanun cocra-
Buna 137,9 mun uenoBex (99,4% JMi, yKa3aBIIMX I'DAK-
AaucTBo), 0,7 MIH UenOBeK HMEIOT IpaKAAaHCTBO APYTUX
rocyzapcers u 0,2 MJIH 4elOBeK — Juia 6es rpaskAaHCTRA.
U3 o0meit uncnerHocT rpaxzad Poccuiickoit ®enepanuu
79 THIC. YeJIOBEK MMEIOT ABa TpaskjaHcTBa. ¥ 6osee 4,1 M
Y€JI0BEK B MEpemrCHOM JUCTE I'PaKAAHCTBO He YKa3aHoO.
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HaMeHeHHe TpaXkaHCTBA HaceleHusa Poceuu 3a MexKite-
penuCcHON mepuo] BUAHO M3 CHAEAYIOMINX JaHHBIX:

B % K yKasaBIOUM

TeIc. UenoBeK
TPaXXAaHCTBO

2002 r. | 2010 r. | 2002 r. | 2010 r.
Bce HacesneHre, B ToM umene: | 145167 | 142857
yasaBime rpasiancTso, | 143898 | 138722 | 100,0 | 100,0
U3 HUX
rpaxnase Poccuu " 142443 | 137857 | 98,99 99,38
rpaﬁagf;f’“""’”‘“e Apa 44 79 0,03 0,06
MHOCTpPaHHBIe rpakaaHe 1025 687 0,71 0,49
M3 HUX HMeIoliHe rpax-
LAHCTBO:
cp e YIacTHHEOR 853 579 0,59 0,42
B TOM YHCJE:
AsepGaityrana 155 68 0,10 0,05
ApMeHnH 137 59 0,10 0,04
Benapycu 40 28 0,03 0,02
Kagsaxcrana 69 28 0,05 0,02
Kuprusun 29 45 0,02 0,03
Monpasuu 51 34 0,04 0,02
TamxukucTaHa 64 87 0,04 0,07
TypKMeHHK 6 6 0,00 |- 0,00
¥Y3bexucrana 71 131 0,05 0,10
Yxpauust 231 93 0,16 0,07
Ipyrux rocyfapcTs 172 108 0,12 0,07
Be3 rpaskaaHCTBa 430 1789 0,30 0,13
He ykasaBiuue rpasgaHCTBo #
7UUA, MO KOTOPEIM CBEIGHHUA | 1oaq 4135
MOJXYYEeHBI U3 AfMIHUCTPATHE-
HBIX HCTOTHHKOB
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7. YpoBeHb 06pa3oBaHuA HaceneHun

Ilpm nepenmcu Hacenmenmmsa 2010 r. yureno 110,6 mian
4YeJIOBEK B BoapacTe 15 ner u Gosee, uMerommx o6pasopa-
HIUe OCHOBHOe o0Ilee W BhILIe, UTO cocraBiser 91% aToii
BospacTtroii rpynnsl. Ilo cpasrenuo ¢ 2002 r. qucio aui ¢
YKa3aHHBIM YpOBHeM 00Da30BaHUA YBeIMIUIOCH Ha 1,2 MiIH
yenoBex (1,1%).

JduaaMuka ypoBHA 06pasoBaHus HACEIEHHS
B Bo3pacte 15 ner u Goxee crexyromad:

Ha 1000 uenosexk,
Mnu genoBex YKazaBHINX YPOBEHb
obpasoBaHHA

2002 2010 2002 2010

Bce Hacenerue B Boapacte
15 net u Gomee, B ToM 121,3 121,1
qucne:

HaceJleHHe B BozpacTe 15
ner U Gonee, ykasaBmee] 119,9 117,6 1000 1000
ypOBeHb 06pasoBaHMA:

npodeccroranbHOE 0Gpa-

30BaHNE

BhICHICE 19,4 27,5 162 234
H3 HEro mocJeBy30BCKOe 0,4 0,7 3 6

HeIoJHOe BhIcIIee 3,7 5,4 31 46
cpenHee 32,9 36,7 275 312
HaYaJIbLHOE 15,4 6,6 128 56

obiee o6pazoBanue
cpeneee (IoaHOE) 21,3 21,5 177 182
OCHOBHOE 16,7 12,9 139 110
HavaJIbHOE 9,3 6,3 789 54

He HMEIOT HAYaJlbHOTO 06- 1,2 0,7 10 6

ulero o6pasoBaHKA

He yxasasmmue ypoBens
06pasoOBaAHKA W JHIA, IO
KOTODBIM CBeJeHHS IIOJY- 1,4 3,5
YeHB! U3 AMHHHUCTPATHE-
HBIX HCTOYHHKOB

N3 o6meit YHCIeHHOCTH JINL C BHICIIMM IIpodheCcCHOHATD-
HBIM 00pasoBaHMEM CTeNeHb GakanaBpa uMeioT 1,1 muam
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yesosek (4,3% ), cnenuanucra — 25,1 mMiud gexoBex (93%)
u marucrpa 0,6 maH yenosek (2,3%).

YpoBeHb 06pa30BaHMA HACEICHHAA
B BoapacTte 15 et u Gonee, MIIH YeOBEK

40
36,7 0O 2002+
B 2010«

21,3215

Cpen cOenUalnCTOB C BEICIIUM NIPOGECCHOHATBHEIM
oGpasoBarueM 707 TbiC. YeJIOBEK HMMEIOT IIOCIEBY30BCKOE
obpasosanue (B 2002 r. — 369 THIC. YeNOBEK).

B Poccum macuuThIBaerca 596 ThIc. KAHAMJATOB HAYK
1 124 ThIC. AOKTOPOB HayK. Cpefy KaHAUAATOB HAYK >KEeH-
IIVHEI COCTaBAAIOT 265 Thic. uenoBek (44%), cpefn MOK-
TOpoB HayK — 41 trIc. uenmoBex (33%). ITo BospacTy cpenu
KaHAMAATOB HAYK Ipeo6IajaioT Julla B TPYAOCIOCOOHOM
BospacTe (65%), cpean NOKTOPOB HAyK — JIHIA cTaplle
Tpymocmoco6Horo Bodpacta (51%).

VYBemuunmacs YUCAEHHOCTD JIHUH, C HENOJHBLIM BBICIUM
oGpasosanuem (ua 44%), npu atom 68% n3 HUX IPOROJI-
JKaIOT obyueHHe.

HesnaunTenbHO BRIPOCKA YNCIEHHOCTH JIHI, HMEIOIUX
cpeauee (moymoe) obuiee oGpazoBanue (Ha 189 Tuic. YeoBeK,
unu Ha 0,9%). B TO jKe BpeMsa YMEHBIINIACH YHCICHHOCTD
JIUI, B Bo3pacTe 15 sieT u Gojiee ¢ OCHOBHBIM OOIIUM M Ha-
YaJLHBIM 00pasoBaHUEM.
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CregyeT OTMETHTh YMEHBIIEHWE JOJHM HErpaMOTHOTO
HaceJeHus B BoapacTte 10 jer u 6onee. Ecam B 2002 r. nons
HEerpaMOTHBIX B BTOif BO3pacTHOM rpymnmne cocrasnana 0,5%,
o B 2010 r. — 0,3%. Cpegu HerpaMOTHOI'O HaceJeHHUSA
42% — aro Juna B Bospacte 60 ner u Gonee (B 2002 r. —
67%).

8. VcToMHUKM CPEACTB K CYLeCTBOBAHUIO

B 2010 r. 103,6 MiaH 4eloBEeK MMeJU OJUH MCTOUHHK
CPeJICTB K CYIIeCTBOBAHMUIO, ABA KCTOYHUKA uMenn 33,0 MiH
YyeJ0BeK, TPX UCTOUHUKA ¥ Gosee Ob1IO ¥ 2,2 MJIH Y€JIOBEK
(cm. Tabx. "Ha cTp. 386).

9. IKoHOMHYECKAA aKTUBHOCTL HaceneHua

HsmeHnenne SKOHOMUUYECKOH AKTHUBHOCTU HaceJIeHHA
B BospacTe 15—64 Jer, IPOKHUBAIOIIEro B YACTHBIX AOMO-
X03gHCTBAX, B MeXIEpPenucHoil ImepHoj XapaKTepusyerca
CleAYIOMIAMY NaHHBIMH!

o MnH deaoBex 201/0 r. ] B Y% & urory
B% K
2002 r. {2010 r.| 5002 r. | 2002 r. [2010 r.

Hacenenne yacTHBIX JO-
MOXO03AHCTB B BO3pacTe 99,8 101,2 § 101,5 100 100
15-64 ner, B TOM 4HCIe:
3KOHOMMYECKH aKTHBHOE 67,1 71,2 106,1 67,2 70,3
HaceJIeHHe, B TOM 4HCJe:

3aHATHIe B DKOHOMHKE 59,7 64,9 108,8 59,8 64,1

M3 HUX HeHCHOHEDRI 3,7 6,4 174,6 3,7 6,3
6GeapaGoTHBIE 7,4 6,3 84,5 7.4 6,2
K3 HUX IeHCHOHEePHI 0,7 0,6 84,4 0,7 0,6

SKOHOMUYECKHN HEAKTHB- 30,9 25,4 82,2 31,0 25,1
HOe HaceJeHHe, U3 HUX!:

CTHIEeHIUATHI 2,8 2,1 74,3 2,8 2,0

IIEHCHOHEDHI 12,1 11,6 96,1 12,1 11,5
He ykasapimue 9KOHO-
MHYECKYI0 AKTHBHOCTh
¥ JTHIA, O XOTODRIM 1,8 | 46 | 2600 | 1,8 | 4.6
cBefleHNs OJYJEHbl
M3 afMUHUCTPATUBHBIX
MCTOYHUKOB

13. 3aK. 475 385 X
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OKOHOMUYeCcKass aKTHMBHOCTh HAaceJeHHsA BHIPOCJIA Ha
6,1%, Tmpu 3TOM DPOCT IPOHCXOAHUI 34 CUET YBEJHUCHUS
3aHATOro HaceneHus (Ha 8,8% ) npu oJHOBpeMeHHOM COKpa-
IIeHWH YHcJIeHHOCTH Oe3paborubix (Ha 16%).

YHCIeHHOCTh 3KOHOMMYECKH HEAKTHUBHOIO HACEJIEHHS
(zanpumep, HepaGOTAIOHIUX MEHCHOHEPOB, yYalluxcs, AO-
MOXO3f€K, JUI, He UMEIIUX ¥ He UINyINuX paGoTy) co-
Kparunack Ha 18%, a X AoJs cpead HACENCHHS YACTHBLIX
IOMOXO035i4cTB B Bogpacte 15—64 et coctasuna 25% mIpoTHB
31% B 2002 r.

B 2010 r. nz 109 mun genoBek B Bospacte 15—72 ier,
TIIPOKUBAIOIINX- B YACTHRIX JOMOXO3AHCTBAX, 72 MJH Ye-
noBeK (66% ) OBLIM SKOHOMHMYECKM aKTHMBHEIMH, a 32 MJIH
yenmoBeK (29%) — SKOHOMHYECKM HEAKTHUBHBLIMU H 5 MIH
yesoBeK (5% ) He YKasald S5KOHOMHYECKYIO0 aKTUBHOCTb.

ITourr 66 muE yenoBexk (mnum 91%) sKOHOMHUECKH
AaKTUBHOrO HaceJleHUsS B Bo3pacTe 15—72 JeT cocTaBISIOT
3aHATHIE B YKOHOMUKe, a 6,3 muau (uau 9 %) npuxoaurcs
Ha 6e3paboTurix. Cpeau 6e3paboTHEIX 2,8 MJIIH YeI0BEK, HIIN
44% , — aT0 MoJIOAeXE B BoapacTe 15—29 meT.

e B2010r. 1,7 mnu 3aHATHX (2,5% ) yKasaim, 4TO UMEIOT
He oxHy pabory. '

W3 obmiero umeia 3aHATHIX B 3KOHOMHKeE B BO3pacTe
15—72 ner abcomoTHoe GOMBIINHCTEO — 61,6 MJIH YenoBeK
(94%) aeasrorca paGoTatommuMHu mo Haiimy. ITo cpaBHeHHIO
¢ 2002 r. yHCcIeHHOCTH, HAEMHBIX PA0OTHHKOB YBEIHYNIIACE
Ha 5,8% . UncmeHHOCTS paborofgaresneil, IPABJIEKAIOIINX JJIS
OCYILIECTBJICEHNS CBOe 1eATebHOCTY HAéMHBIX PaGOTHUKOB,
cocraBmia 1,4 MmiH yesnoBek (B 2002 r. — 923 Tric. yesoBeK).
B xoze mepenucu HacemeHUS ObLIO yuTeHO 489 THIC. Yeso-
BEK, BpEMEHHO HAXOAMBINNXCS Ha Teppuropnu Poccuiickoit
Degepaliuy ¥ ITIOCTOSHHO NPOKUBAIOIINX 32 PyOesKoM.
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. Ieaun npuesna B Poccniickyro Mexepanuro

Apyrue u He yrasaswme
uens npuesna ~ 20%

———
..

CnyxebHan .
xomaunanposka - 1,3% Ha pabory - 66%

-
- -
- -
-
-

-

Ha otabix - 5,7%

»
e

Ha y4eby - 6,6%

HauuoHanbHbll NpoekT «3a0poBbe»

B Poccuu Buepsrie 3a mocaeguane 15 et 3adpuKCHpOBaH
eCTeCTBeHHBIII IIPUPOCT HaceJleHHsA, KOTOPHIA B aBI'ycTe
2009 r. cocraBuin 1 teIc. Yenosek. [To xanEEIM MunHNCTED-
CTBA 3JPaBOOXPAHEHUA U COIMANILHOIO PASBUTHA, 32 ABI'YCT
2009 r. B Poccum pogumoch 151,7 TBIC. Hereit, yMmepJo
150,7 15IC. yenoBex. KonuuecTBo pOoAUBIINXCA 34 SHBAPD —
aBryct coctasmino 1,164 MJIH udenoBeK, 4To GOJLIIE Ha
41 TeIC. 10 CPAaBHEHUIO C AHAJOTHUYHBIM mepuogom 2008 r.
KommuaectBo ymepmux cocrasuio 1,347 min, uto Ha 57 TEIC.
YeJIOBEK MeHbIIe nmokasaresias 2008 r.

C 1 anBapsa 2006 r. crapToBan npoexT «3xoposbe». IIpo-
€KT y2Ke TIOJIyUHJI Ha3BaHNe «HAIIMOHAJILHOTO IIPHOPUTETHOTO
NIpOeKTa» U ObLI pa3paboTaH MJIA peaau3aliuy IpeAIosKeHni
B.B. IlyTrHa mo coBepIIeHCTBOBAHMIO MEJUIIMHCKOM IIOMOLIH
B Poccuiickoit @epepanunu. OcHoBHAA 3a7adya IIPOEKTa —
yiaydlleHue CUTYaIlHM B 3APABOOXPAHEHUHU M CO3JaHUe
YCJIOBUH AJIA ero mociefyIomeil MoJepHU3aIUH.

B pamkax peanuzanuu HaAITMOHAJBLHOI'O IPOEKTA «310-
POBbE» MOJKHO BBIAEINTH TPHA OCHOBHEIX HANIPABJIEHMA: I10-
BEIIIIEHNE IPHOPUTETHOCTH IEPBUYHON MeAUKO-CAHUTADHOM
TIOMOIY, yCHJeHNe IPOoPUIAKTHIECKON HANpPaBICHHOCTU
3ApPaBOOXPAHEHHUSA, DACIINPEHNEe JOCTYIHOCTH BHICOKOTEX-
HOJIOTUYHOH MEJUIIMHCKON IIOMOIIH.
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OcHOBHBIe HanpaBJIeHHNA HAHOHAJIBHOTO MPOEKTA
«310pOBbE» M NONMOJHUTEILHBIE MEPONPHUATHA B 006jacTn
Aemorpadumn:

1. PazBuTHe IepBUYHON MEAWIHMHCKOMN ITOMOIITH.

2. PazsuTHe npopHIaKTHYECKOT0 HApaBJIeHUs MeINIIHH-
CKOM MOMOIIM, IIpoIlaraxjia 340poBoro obpasa sKHU3HH.

3. IloBplieHHe JOCTYIIHOCTH BBICOKOTEXHOJIOTHYHOI (zo-
porocrosieil) MeUINHCKONA ITOMOIIH,

4. OxasaHre MeJUIIMHCKOI IIOMOIIH KeHI{UHAM B II€PHUOJ
0epeMEeHHOCTH M POJOB 4Yepes CHCTEMY POAOBBIX CepPTH-
duxaros.

5. VBenuuenue mocobuii 1o MaTepUHCTBY U AeTCTBY: Io Oe-
pPEeMeHHOCTH ¥ POJAM, IDH POKAeHUH peOeHKa, 0 YXoay
3a peGeHKOM J0 JOCTIKEHNA MM BO3pacTa MOJyTopa JIeT
¥ IocOOWiA JKeHIIIMHAM IPH IOCTAHOBKE HA YUET B paHHUE
cpoxu OepeMeHHOCTH.

OcHOBHOe BHMMAaHME ILIAHUPYETCS YAEJIUTH YKpeIlile-
HUIO EePBUYHOr0 MEJUIMHHCKOI'O 3BeHA (MYHHIHIAJILHLIE
NOJIUKIHHHUKY, YYaCTKOBBIE GOJBHUIIBI) — YBEJIHYEHHUIO
3apNJIaThl YYACTKOBLIM BpauyaM ¥ MeACECTpaM, OCHAIIeHUIo
3THUX MeJAYUYPeXKAeHH! HeoOXOAMMBEIM 000OpyAOBaHHMEM, Iie-
peS6yueHnIo Bpauei o6Ieil NIpaKTHKK, BEBEJEHUIO POAOBBIX
cepTu(dUKaToB.

BreaeHUe POJOBLIX CePTH(PHUKATOB IPEAIIOJIAraeT CTUMY-
AUpoBaHye paboThl MKEHCKUX KOHCYIbTAIMM ¥ POAMIBHBIX
IOMOB Ha TeppuTopun Poccuu, KOTOpOe JOJKHO IPHUBECTU
K YAYYIIEHHI CUTYAIUH B POJOBCIOMOXKEHUN, CHUMKEHIIO
MATEPUHCKOM M MIAZEHYECKOH CMEepTHOCTH, NOBLIIIEHHIO
YPOBHS COIIPOBOIKIECHNS OepeMeHHOCTH U 00CIy KHBaHUs. 3a
KaXKIBIM CepPTU(PHKATOM CTOUT KOHKPETHASA CyMMa, KOTopas
OyZeT BeIILJIAYMBATHCA M3 POHIA CONNAILHOIO CTPAXOBAaHUA
P®, a crefoBaTenbHO, VIpeKASHNUS Oy YT 3aNHTEPECOBAHEI
B Ka)KJ0il KOHKpeTHOI OepeMeHHO.

HanuoHanbHEIH TIPOEKT «3A0POBRE» MpeAyCcMaTpUBAET
ycueHUe MPOoPUIAKTHIECKOH HAIIPAaBJI€HHOCTH 3APaBOOX-
paHeHHs, KOTOpOe pealmnsyercs depes:

e (bjopMUpOBaHVE Y HACEJCHHUA KYJIbTYPH! 340POBbSI;

® IIOBEIIIEHWE MOTHBAIINK K COXPAHEHHUIO CBOEro 340pPO-
BBA;

e MpoOBeJeHNE AONOJHUTEILHOR AMCIAHCEPH3ALUMN Da-
GoTalolmero HaceJeHus;
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s (popMHUpOBaHUe IAacIopTa 3A0POBbA paboTaroIIero
HaceJIeHUdd.

Ocoboe BHUMaHNe yIesieTCA TOBBIIIEeHNIO JOCTYITHOCTH
BBICOKOTEXHONOTHYHALIX BUAOB MEAMIMUHCKON IoMomIH,
YJOBJIETBOPEHHUIO TIOTPEOHOCTH HACEJIeHHA B JOPOTOCTOAIINX
BHAaX MeAWIIMHCKON IOMOIIM, MepeBoAy (eaepabHBIX
CHeNHATH3NPOBAHHBIX MEIUIIMHCKUX VUPEKISHUM Ha paboTy
B YCJIOBHAX I'OCYAAPCTBEHHOTO 3aJAHHUA.

TInamupyeTcs co3faHue HOBBIX MEZHIIMHCKUX HEHTPOB
BBICOKHX TEXHOJOTHH, CIOCOOHBIX € YYeTOM AOCTIEHKeHM
MeIUIIMHCKOH HAYKH COBefIINTH IMPOPHIB OTEYeCTBEHHOTO
3paBOOXpAaHEHHs B 00JIaCTH BEICOKHX TEXHOJIOIHMil u obecie-
YeHHA AOCTYIIHOCTH BBHICOKOTEXHOJIOIMYHOH MemuIIMHCKOi
TOMOILUH.

3apanua
ANA CaMOCTOATENbHO| paboTbi

N 164.
HUcnonpayiite ucxoauyo tabauny: «llemorpadpusa B Poc-
cuiickoil Pegepaiun»:

Tox Yucxennocts |Yucio poausimmuxcsd, | Yucno ymepmgx,
HaceJIeHUsI, MJIH TBIC. YeJIOBEK TBIC. YeJIOBEK

1990 148,0 1988,9 1656,0
1991 148.,5 1794,6 1690,7
1992 148,3 1587,6 1807,4
1993 148,3 1379,0 2129,3
1994 148,0 1408,2 2301,3
1995 147,9 1363,8 2203,8
1996 147,6 1304,6 2082,2
1997 147,1 1259,9 2015,8
1998 146,7 1283,3 1988,7
1999 146,3 1214,6 2140,3
2000 146,1 1266,8 2217,1
2001 145,7 1301,6 2254,8
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2002 145,2 1306,9 2242,2
2003 144,1 1353,8 2261,9
2004 143,4 1391,2 2235,6
2005 143,0 1457,4 2304,1
2006 142,6 1479,6 2167,3
2007 142,83 1610,1 2080,5
2008 142,1 1717,5 2076,6
2009 142,0 1724,1 2078,2
2010 142,2 1735,8 2077,3

Brruuciure cireayrouie MequKo-aeMorpaduuecKme moKa-
3aTeJIH: IOKA3aTeNh POXKIAEMOCTH, MOKA3aTeNs CMEPTHOCTH,
TOKa3aTesNb €CTeCTBEHHOTO IPHUPOCTa HacesJeHHA. J[aHHBIE
IOMeCTHTe TaKkKke B Tabnumny:

Tonm IToxasatens Iloxasatens Ecrecrsennsrii
POXIAEMOCTH CMEpPTHOCTH IPHPOCT
{%.o) (%o) (%o0)
1990
2010 ¢

Brruuciaenusa nposoanTe o GopmyaaMm:
Yucao pORMBLINXCH

Hoxazareis JKMBBIMH 3a rog + 1000
1) poxpaemoctH @ =
(%o) CpenrerofoBas YUCIEHHOCTh
HaceJeHUuA
Iloxasarens

Ywucao ymepmux 3a rox - 1000

2) o6meii cMepTHO-

e (%o) CpeAHerofoBast YHCJICHHOCTD
HaceJIeHnA
Hoxazarens IokazaTenn IToxasatens

3) ecTecTBeHHOTO IpHpPOCTA = -
HaceIeHUs (% 0) POXKIaeMOCTH CMEPTHOCTH
Jis aHanA3a W CpaBHEHMSA HOCTPoiiTe rpadpuyeckue
3aBMCHMOCTH BCEX TpeX IoKasaTejeil B OJHOIl cucTeMe Ko-
OPDAMHAT: Ha FOPM3OHTAJIBLHONK OCH OTJIOXKHTE Tofla C OAMHA-
KOBBIM MHTeDBayoM (1 cM), HA BEePTHKANILHOU OCH BefeTcs
OTCYeT ImoKasaTeyei B MaciuTabe 1 kimerka — 1 %o. [paduxn
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BBIZICJINTE DAa3IUYHBIMY L[BETAMH, HANIPUMED, IOKasaTelb
pPOKIAaEMOCTH — KPACHBIII I[BET, IOKA3AaTeIb CMEPTHOCTH —
YepHBIH I[BET, eCTeCTBeHHAIH MPUPOCT — 3eJeHbIR I(BeT.

Bonpochbl no Teme

1. ITepeuucaume ocHosHbie Meduio-OemozpaduiecKue no-
kazamenu. ITo Kagum popmynam onu eviuucasomea?

2. Kaxosa dunamuka usmernernus poxcdaemocmu 6 paccma-
mpusaemom nepuode?

3. Kax menanacy cmepmuocme no zooam?

4. 9Ymo MO}HO CKa3amb 0 eCMmecmeeHHOM Npupocme Ha-
cenenua 6 Poccuu 6 nocnednue 200o1?

5. dmo eéam uszeecmHno 0 HAYUOKHAILHOM npoerxme «300po-
8ve»?

UcTopnueckue cBefexuns K pasaeny 4

Teopua BepoOATHOCTEH

Teopuss BeposaTHOCTell BosHUKJa B cepeauHe XVII B.
IlepBBle paGoTEl IO TEOPHH BEPOATHOCTEH, IPHHAIIEKAB-
mue ¢paHnysckuMm yuenbsiM B. ITackamo u II. depma u
TOJIIAHACKOMY ydieHoMy X. 'loiirency, DOSBLJINCH B CBA3U
¢ IOACYETOM PA3JMYHBLIX BEPOSTHOCTEH B a3apTHBIX Urpax.
Kpynuberii ycmex TeopHH BepOATHOCTEH CBA3aH C MMEHEM
mBeiinapckoro maremaruxa 1. Bepryanu, ycTaHOBUBIIETO
3aKOH GOJIBUIMX UMCEN JJIA CXeMBl He3aBUCHMBIX HCIIBITA-
HMIl ¢ OByMs Hcxomamu (omyGamkosano B 1713 r.): mpm
HEeOIPAHHUEHHOM KOJHMYECTBE UYMCJa UCIIBITAHMH dacToTa
MOABJEHNA COOLITHS PaBHA €r0 BePOATHOCTH.

Craegyromuii (BTopoil) nepuoi HCTOPHHU TeOPHH BEPO-
araocreit (XVIII — mawamo XIX B.) cBABAH ¢ MMEHaMU
A. Myaspa (Auraus), II. Jlannaca (Ppaunusa), K. T'aycca
(Tepmanus) u C. Ilyaccona (Ppanius). ITo Oepuox, KOrja
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TEOPUA BEPOATHOCTEH yiKe HAXOAUT DAX BechbMa aKTyalib-
HBIX UPUMEHEeHUl B eCTEeCTBOSHAHUM ¥ TeXHUKe (TJaBHBIM
ob6paszoM B Teopud OwINGOK HabaiofeHuil, pasBUBIIEHCA B
CBA3M C OTPeOHOCTAMY I'e0Ae3NY U ACTPOHOMUH, U B TEOPHH
crpensOer). K aromy mepmosy oTHocuTcs [JOKAa3aTeNbCTBO
[IEePBBIX NpefelbHBIX TeopeM, HOCAIIUX Telneph HasBaHUA
reopem Jlamnaca (1812) u Ilyaccona (1837); A. Jlesxanxpom
(Ppannua, 1806) u layccom (1808) B 3T0 ke BpeMsA GBLI
paspafoTaH cnoco0 HAMMEHBIIHNX KBAaApPAaTOB.

TpeTnii nepuos UCTOPUK TEOPUH BepOATHOCTEH (BTOpas
nonosuHa XIX B.) cBASAH B OCHOBHOM ¢ MMEHAMU PYCCKUX
MaTteMaTHKOB [lapuyTus JIsBoBuua Yebnimiesa (1821—-1894),
Anexcanapa MuxaitnoBuya Jlanynosa (1857—1918) u An-
Apesa Annpeesnda Mapkosa (crapiuero, 1856—1922). Teopus
BEPOATHOCTH paszBuBatack B Poccuu u panbire (8 XVIII .
PsJl TPYZIOB IO TEOPHHM BePOATHOCTH GBI HAanucaH paboras-
mwumu B Poccun JI. Oitnepom, H. Bepuyanu u JI. Bepryin;
BO BTOPOI IIepuos pasBUTHSA TEOPUU BePOATHOCTEH CJIexyeT
ormeruTh paborer M.B. Ocrporpagckoro (1801-1861) mo
BOIIPOCAM TEOPHUHM BEPOATHOCTEHM, CBSA3AHHBIM C MATEeMAaTHu-
qecrcon craructukoii, u B.fI. Bynakosckoro (1804—1889)
116 IprMeHeHuo TEOPUU BePOATHOCTEH K CTPAXOBOMY Jely,
cratTucTuke u gemorpadun). Co BTopoit mososunsl XIX B.
HCCJIeAOBAHUA IO TEOPUM BeposiTHOcTed B Poccum 3aHUMa-
10T Bexymiee mecto B mupe. I1.JI. UeOrIieR 1 ero ydeHUKN
A.M. JIanynoB u A.A. MapKoB NOCTaBM/IY U PEIINIM PAL
ofImux 3a7la4 B TEOPUH BepOATHOCTEH, 0606LIAIOIMIMX Teo-
pemur Bepuysm u Jlannaca. I1.JI. YeGrimies upesBerdaiino
npocto pokasan (1867) zakon GonbUIMX 4YMCeN MPU BechMa
oburux npefnonoxkeHusax. OH e BHepBhIe ¢hHOPMYIHPOBAI
(1887) nenTpansHYIO IPEAEILHYIO TEOPEMY AJISA CYMM He3a-
BUCHMBIX CIy9ailHBIX BeJIWUNH U YKa3aJ OLUH U3 METOJOB ee
ZokasarenbeTsa. [Ipyrum merosom A.M. JIanyHoB nmonyumn
(1901) 6m3K0e K OKOHYATEILHOMY PeIlleHre 3TOTO BOIIPOCa.
A.A. MapkoB Bnepesle paccmorpen (1907) ogumm ciryuait
3aBUCHUMBIX HCIBITAHUH, KOTOPHIH BIOCACACTBHM HOJIYIHII
HasBaHMe neneit A.A. Mapkosa.

B 3anagnroit Espone Bo Bropoii nonosude XIX B. mouy-
YUY OOJBIIOe PAsBUTHE PaGOTHI 110 MaTeMaTHIeCKOH cTa-
tucruke (B Bemsruu — A. Kerie, 8 Aarsiuu — @. TanbToH)
U craTucTHYeckoll ¢usuxe (8 ABctpunm — JI. Bonasuman),
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KOTOpBIe HAPAAY ¢ OCHOBHRIMY Te€OPeTHYeCKUMH paboTamMu
I1.JI. Ye6rmmena, A.M. Jlanynosa u A.A. MapkoBa cospaiu
OCHOBY [JIA CYIIECTBEHHOI'O paclIUpeHMsA NpobreMaTHKH
TEOPHH BepOATHOCTEH B 4YeTBepTOM (COBPEMEHHOM) IIepHoje
ee PasBUTHA. ITOT IEPUMOJ HUCTOPHUH TEOPUH BepOATHOCTEH
XapaKTepu3yeTCcA Ype3BhHIYaiHBEIM paclIMpeHHeM Kpyra ee
TIpUMEHeHHH, CO3[JaHUEeM HeCKOJBKHUX CHCTeM 06e3yKopH-
3HEHHO CTPOroro MaTeMaTHdeCKoro o0OCHOBaHWA TEOPUH
BEPOATHOCTH, HOBBIX MOIIHLIX METOHOB, TPeOYIOIIUX HHOTAA
npuMeHeHus (IIOMHMO KJIACCHYECKOro aHalN3a) CPeACTB
TEOPUH MHOMKECTB, Teopuy MYHKIUH AelCTBUTENLHOIO IIe-
peMeHHOro n GQYHRKOIHOHAJNLHOrO aHaIH3a. B aror mepuog
NpPH OYEHB GOJBIIOM YCHJIEHUHN PabOTHI IO TEOPUW BEPOST-
HocTel 3a py6exxoMm (Bo Ppannuu — 3. Bopeuxs, II. Jlesn,
M. ®pemre, B l'epmanun — P. Musec, B CIIIA — H. Bunep,
B. ®esnep, Hx. [Iy6, 8 HIzenuu — I'. Kpamep) coseTcrasn
HAYKa OpOJOJIKAaeT 3aHUMATL 3Ha4YUTeJNbHOEe, a B DAZe Ha-
DpaBJeHNN ¥ Befyllee I0J0KeHNe., B Hamell crpane HOBBIH
1epHOJ Pa3BUTHSA TEOPUH BepPOSTHOCTEH OTKPLIBAeTCA Aed-
reasnoctsio C.H. Bepumreiina, 3uaunTensao o6o6iousmIe-
ro Kiaccuyeckue npejenvusie Teopemsl II.JI. Yebrimesa,
A.M. Jlanyrnoea u A.A. MapkoBa u BuepBhie B Poccun
HIMPOKO IOCTABHBIIEr0 paboTy 10 IpHMMeHEeHUIO TEOPKH Be-
poATHocTell K ecrecTBosHauuio. B Mockee A.f. Xuruus u
A_H. Konmoropos Ha4yajiu ¢ IPUMEHEHHUA K BOIIpocaM TEOPHH
BEPOATHOCTEl MeTOA0B TeOpPHUM MYHKIMIH AeMCTBUTEIHHOTO
nepemennoro. Ilosguee (8 30-x rr.) onm (u E.E. Cayn-
KMii) 3a710)KMJIM OCHOBBHI TE€OPHH CIYYAHHBIX IIPOLECCOB.
B.H. Pomanosckuit (Tamkenrt) u H.B. CmuprOB (MOCKBa)
TIOCTABMJIM HA OOJBINYIO BRICOTY pPaboTy HO IpMMEHEHUAM
TeOpUH BepOATHOCTEHM K MareMaTHdecKko craructure. Kpome
OOIIMPHOII MOCKOBCKOM I'DYHIEI CHEIHAJMCTOB II0 TEOPHU
BeposTHOCTeH, paspaboTkoit mpo6ieM TeOPUH BePOSITHOCTEMH
sanumarores B Canxr-Ilerep6ypre (kadeapa FO.B. JIunanKa)
u B Knese. v

IIepsoii ny6ankamueit o Teopun BepoATHOCTEMH B Poccnn
6b1a, KaKk H3BEeCTHO, pabora Jawmumna Bepryiamum «OmniT
Hogoﬁ TeopUH O Mepe Kpebus», onybaukoBaHHas B 1738 r.
B IIATOM TOMe «3anucoK UMmepaTopckoil AKajeMuu HAYK» .
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IIepBoit poccuiickoii guccepTamueil mo TeOpuUU BEpPOAT-
HocTel ObLia marucrepckas auccepraunusa I1.JI. YeOwimena
«OnOBIT 37eMEeHTAapHOr0 AaHAJIM3a TEOPHUH BEPOSITHOCTEH»,
BBITIOJIHEHHAA 110 npefJioxkennio mpodeccopa H.Jl. BpammMma-
Ha Ha (PU3HKO-MaTeMaTHYeCKoM (aryasrere MOCKOBCKOrO
yHuBepcurera B 1845 r. u samuuiesHas B 1846 r,

A mepBBIf KypC JeKOU# MO TeOPHM BEPOATHOCTEH B
MockoBckom yHuBepcuTeTe ObLI mpoyuTaH B 1850 r. mpo-
tdeccopom A. 0. Jasuposeim (1823—1886).

B 310 xe Bpema B CaHkr-IlerepGypre Teopueil Bepo-
SATHOCTE! M MaTeMaTHYECKOHl CTAaTHCTHKOH 3aHMMAIOTCA
axagemnk M.B. Ocrporpaackuii n akagemuk B.f1. Bynsakos-
CKHuH, KoTopslil uagaer (1846 r.) mepesril pycckuit yueGHUK
«OcHOBaHHA MaTeMATHYECKON TEOPHUHU BEPOATHOCTEM ».

C 1847 r. II.JI. YeOuIner HaYUHAET npeponana'n; B
Cankr-Ilerep6yprckom yaueepcutrere. C 1860 r. x Hemy
nepexonut ot B. f. Bynakosckoro Kypc Teopuu BepOATHO-
cTeil, UTO CTAJIO AOMOJMHUTENBHBIM CTUMYJIOM AJIS €ro pas-
MBIILJIEHUH B 3T0ii 001acTi. CoGCTBeHHO, C 9TOrO BpeMeHH U
IPOHUCXOANT 3aPOKAEHHe «IeTepOypPrcKoi HIKOMLI» TEOPHH
BEPOATHOCTEll, IIPOCIABJIEHHON BBHIAAIIOUMHCA paboTaMu
axagemukos I1.J1. YeGrimena, A.A. Mapkosa, A.M. Jlaoymo-
Ba. Fabpanusle TPYASI 3TUX YUEHBLIX BHIILIHM B CBET B CEpHU
«Knaccuku Hayku u rexHuku» Msgareasctsa AH CCCP.

C 1907 mo 1933 r. B XapbsKoBe paboTaj axKajgeMHK
C.H. Bepumreitn (1880—1968), KoTOpEIi He TOJILKO 3HAYH-
TeJILHO NPOABHUHYJI HCCIIEA0BAHNA NMeTepOYPICKOM MIKOJIEI IO
npefieIbHEIM TEOPEMaM TEOPHU BePOSITHOCTEH, HO M 3aHsJICS
BOIIPOCAMU JIOTHYECKOro 000CHOBaHUA camMoi TeopuH («OmbIT
aKCHOMATHYECKOro 0OOCHOBAHUA TEOPHH BEPOSTHOCTEH»).

Hauajo coBpeMeHHOro nmepuojia B pa3BUTHH TEOPHUH Be-
poATHOCTe#l B MOCKOBCKOM YHHBEPCHUTETE OBLIO IMOJOMXKEHO
paboramu A.fl. XuHYKMHA 110 3aKOHY HOBTOPHOrO Jorapudma
(1923, 1924), E.E. Cayuxoro mo Teopu# CIy4alHbIX QYHK-
nuit (1925) u paboroit A.fI. Xunuuna u A.H. Koamoropoza
«O CXOAMMOCTH PSAJOB, WIEHBI KOTOPHIX OIPEAeNSIOTCS

ciIy4yaeM», onyOaumKoBanHO# B 1925 r. (Ha HeMENKOM A3HI- -

Ke). B 1926 r. A.fI. XuHYMH HPOYHUTA IIEPBHIA B HCTOPHUU
MoOCKOBCKOro YHUBEPCHUTETA CIHEeIHAJBHBEIR KYPC II0 TEOPHU
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BEpPOATHOCTeH, caymareasMu Kotoporo 6stu A.H. Kosmo-
ropos, H.B. Cmupnos, B.U. I'musenko.

Fanuneo Manvnen

TeopeTHKO-MHOXKECTBEHHBIH MOAX0Z K mpobieMaM Te-
OpUU BEePOATHOCTEH, 3aPOAMBIINIACSI B HeApax JY3WHCKOMN
MaTeMaTH4YeCKO# HIKOJBI H ¢ YCIEeXOM NpHMeHeHHBIH
A.f. Xunwwaeiv 1 A.H. KosMoroposslM, okasaics CTOJIb
[JIOKOTBOPHBIM, UTO, IO CYIIECTBY, MMEHHO Ha HEM M OCHO-
BaHA BCA COBPEeMEHHAs TEOPHUSA BePOSATHOCTEI.

B 1933 r. B MOCKOBCKOM YHHBEDPCHUTETE OpPraHM3YyeTCsa
MeXaHHKO-MaTeMaTHIYeCcKHUH (PaKyJIbTET, B COCTaBe KOTOPOro
B 1935 r. 6pu1a 0bpasosana xadenpa TeOPUN BePOATHOCTE,
CTABINAa# OJHWM Y3 OCHOBHBIX I€HTPOB II0 NOATOTOBKE
CHEIUATVCTOR M HAYYHEIM UCCIETOBAHUAM B 00JIACTH TEOPUN
BEPOATHOCTEH U MaTeMaTHYeCKOH CTATUCTHKMY B Halleil cTpa-
He. MHorme moxoJieHUsI COBETCKHUX M POCCHHMCKHMX YUeHEIX
B 3TOM 00JIACTH HAYKM CUHUTAXOT ce0A HernocpeCTBeHHBIMU
nuromiamu 3Toil Kadenpnl. IlepBiii 3aBeayiomuiil kadenpoi
A H. Konmoropos pykoeogui Kadeapoi ¢ 1935 mo 1966 r.,
¢ 1966 mo 1995 r. e sasenosan B.B. 'menenko. B cedrsa-
6pe 1996 r. saseayromum Kadeapoi TEOPUH BePOATHOCTEH
usbpan A.H. Iupses.

396




6 OCHOBHBIX HAYYHBIX JOCTHIKEHUAX MOCKOBCKOM HIKO-
JIbl TEOPUU BepPOATHOCTEH U KadeADHI TEOPHUH BEPOATHOCTEH
MOCKOBCKOro YHHBEPCHTETA HMMEETCS AOCTATOYHOE YHUCJIO
my6auKauit 0630pHOTO XapaKkTepa, B KOTOPAIX MOMKHO HANTH
JeTaTbHOe U3JIOXKeHNe MHOTMX HAayJIHBIX Pe3yJIbTaToB.

Maremaruyeckan CTaTUCTUKA

CIoBO «CTATHCTHKA» UMEeT JIATHUHCKOE IPOUCXOXKAeHNe
(ot status — cocrosHue). B cpefHue BeKa OHO 03HAYAJIO 110-
JIUTHYECKOE COCTOSTHUE TOCYyAapcTBa. B HayKy 3TOT TepMuUH
BBegeH B XVIII B. HemMenkuM yueHsIM ['oTdpugom AxeHBa-
jgeM. CoGCcTBEHHO KaK HayKa CTaTUCTHKA BO3SHHUKJIA TONLKO
8 XVII B., ofHaKo CTaTHCTHUECKAN yUYeT CYIeCTBOBAM Ye
B Iuy6oKoi apeBHOCTH. Tak, M3BECTHO, UTO ellfe 3a 5 THIC.
JeT A0 H.d. HPOBOAWINCH Ilepelm¥cH HaceaeHus B Kurae,
OCYIIleCTBJIAJIOCH CpaBHEHME BOCHHOTO IIOTEHIIMANA PA3HBIX
CTpaH, BeJICA y4eT UMYIecTBa rpaxkiaH B JIpesHeM Pume,
3aTeM — HaceJeHHsd, JOMALIHEro HMYIIecTBa, 3eMelb B
. Cpegaue Beka.

MareMaTHuecKas CTAaTHCTHKA KAaK HaYKA HAYMHAETCH C
pabor sHaMeHHTOro HeMenkoro marematuka Kapia Ppu-
apuxa Taycca (1777—1855), KoTopelif Ha OCHOBe TeopuHU
BEPOATHOCTEH HccIefoBal ¥ 060CHOBAM METOJ HaUMEHBIIINX
KBaJIpaToOB, CO3MaHHEIH UM B 1795 r. u mpuMeHeHHHBIH AN
00paboTKM aCTPOHOMHYECKHX AAHHEIX (C HEeNBI0 YTOUHEHUS
opbuTsl Majoi naanetsl Ilepepa). Ero umeneM yacro Hasel-
BAIOT OAHO U3 Hauboyiee NONYJIAPHEIX paclpefeeHuil Bepo-
ATHOCTEl — HOPMAJIbHOE, a B TEOPUY CJIIYYANHEBIX IPOIeCCOB
OCHOBHOM O6BEKT M3yUeHUA — raycCOBCKME IIPOIecCHI.

B xoune XIX — navane XX BB. KPYNHEBIA BKJIaj B MaTe-
MaTHYECKYIO CTATHCTHKY BHECIH AHTJIMHCKIE MCCIeJOBaTe-
au, npexae Bcero K. ITupcou (1857—1936) u P.A. ®umep
(1890—-1962). B uactHocTH, [Inpcon paspaGoran Kpurepuii
«XH-KBaJpaT» HPOBEPKU CTATHCTHYECKHX TuIoTe3, a Pu-
iHiep — AUCIEePCHOHHHIM aHAaJNW3, TEOPHI0 NJIaHUPOBAHUA
SKCIePUMEHTa, MeTOJ MAaKCHMAJLHOI'O0 NpAaBAONOAOOHA
OLIEHKH IIapaMeTpOB.

B 30-e rogpt XX B. monak Exxu Heliman (1894—-1977) u
agravdasud O. IIupcor pazsuan 00UIyI0 TEOPHIO IPOBEPKH
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cTaTHCTUYECKUX THUIOTE3, a COBETCKHE MaTeMaTUKU aKaze-
muk A.H. Kommoropos (1903—1987) u uren-KoppecIoHAEHT
AH CCCP H.B. Cmupnos (1900—1966) 3a0:x1u OCHOBBI
HenapaMeTpuueckoii cratuctuku. B 40-e roast XX B. pyMBIH
A. Banpx (1902—-1950) nocTpousa TeopHI0 IOCIeA0BaTENb-
HOI'0 CTATHCTHUYECKOI0 aHAIW34.

MaremMaTHdecKass CTaTHCTHUKa OYpHO pasBuBaercd U
B HactosAmee BpeMs. Tak, 3a mocmeguue 40 ser MOXKHO
BBEIJ[eINTL YeThbIpe NMPUHIMOMAIBPHO HOBBIX HAIDABJIEHUS
HceJaeJOBaHMMA:

1) paspaboTka ¥ BHeJpeHNe MaTeMaTHUYeCKHX METOJNOB
NJIaHHUPOBAHUA 3KCIIEPHUMEHTOB;

2) pasBUTHe CTATHCTUKH OOBEKTOB HEUHCJIOBOM NIPHPOABI
KaK CaMOCTOSITeJRHOr0 HAIPABJEHUA B IPHUKJIALHOHN
MaTeMaTHYeCKOH CTaTHCTHKE; -

3) pa3BUTHE CTATHCTHYECKHX METOAOB, YCTOMUMBBIX IIO
OTHOIIIEHUIO K MAaJILIM OTKJIOHEHUSM OT HMCIIOJb3yeMOi
BEpPOATHOCTHOH MOJEJIN;

4) mupoKoe pa3BepThHIBAHUE paboT 10 CO3XAHUIO KOMIIBIO-
TepHBIX NAKETOB MPOTpaMM, NpeAHasHa4YeHHBIX IJd
NPOBEJEHKA CTATUCTUUECKOTO aHANKN3a JaHHBIX.
CaHuTapHasT cTaTHUCTHKa Hadajaa dopMHpoBaThbcA B

Poccun B mocnenueit uerseptu XIX B. mpexje BCero B TPy-
nax II. 1. Kypxkuna (1858—1939), B. I'. MuxaiisoBcKOro
(1871—1926), ®.J1. Mapkyszona (1884—1967) u ap.

MpaxTuyeckue paborbl

1. Ilocrpoenue rpadnra pyHKIEH.
Hcnonssys nporpammy Microsoft Excel, nocrpoiite
rpadpuK QYHKOUM K 3aIUIIUTE OCHOBHBIE CBOIICTEBA.
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1 Ja)y=4x3-3x*+5 5)!/:1_ 3
2
x
2 a)y=é—x3+x2 " 6 y= 2_1
= x\1-
3 a) y=12x - x* 0 y=x* ¥
4 lay=x*-6x2+x 6)y=x2—4
, o ]
5 a)y=x-6x2+9x-3 6)y=—4——2x
2x -1
6 (a)y=2x'-4x2+8 6 y= 2
(x-1)
7 |a)y=3xt-622-1 6 y=——2
a) y=3x* - bx* - (x_2)2
2
8 =2x3-3x2+7 6) Y=
2y VYA
9 a) y=3x1—4x3-12x2+ 2 5)y=m
= 3xt— 8x3: 6) Y=
10 |a)y=3xt-8x%+1 ) Y P

Tabauny sHaYEHU X ¥ y MOXKHO S3aNOJHATH U BepTH-

KaJbHO, 1 TOPU30OHTAJIBHO.
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Cx y Tpadux dpysxmun
o | 76.00 y = 5x%— 15x*+ 31x + 76
; v A
4000,00
1 | 97,00 /
3500,00 I

1,5 105,63 3000,00

/

2 | 118,00 | 2500,00 7/
2.5 | 137,88 | 2000.00 /
1500,00
3 | 169,00 /

1000,00
3,5 | 215,13 | 500,00 J/
4 |280,00| 00007 ———

4 6 8 10 12,

4,5 | 367,38

5 | 481,00

5,5 | 624,63

6 | 802,00

6,5 1016,88

7 (1273,00

7,5 {1574,13

8 [1924,00

8,5 |12326,38

9 |2785,00

9,5 13303,63

10 |3886,00

400




ITpumep 2. :
s pacuera y = sin x BBezuTe QOPMYNY B Auelixu Ta-
6nunbr = SIN (PAIIIAHBI (Axpec ayeitku))

x y x y
-180 ~1,22515E 16 0 0
-170 ~0,173648178 10 0,173648178
-160 —0,342020143 20 0,342020143
-150 -0,5 30 0,5
—-140 —-0,64278761 40 0,64278761
-130 —0,766044443 50 0,766044443
-120 —0,866025404 60 0,866025404
-110 —-0,939692621 70 0,939692621
~100 —0,984807753 80 0,984807753
-90 -1 90 1
—80 —0,984807753 100 0,984807753
70 —-0,939692621 110 0,939692621
—60 -0,866025404 120 0,866025404
-50 —0,766044443 130 0,766044443
—40 —-0,64278761 140 0,64278761
-30 -0,5 150 0,5
~20 —-0,342020143 160 0,342020143
-10 —0,173648178 170 0,173648178
0 0 180 1,22515E-16
I'padux dyrxomuu
Yy =sinx
1
// \\
0,5 /
=3 olo|o /7
AL EEERENE \
|
\ JEHEHHEEE
=0,5
N Vi ‘
¢
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2. IlocTpoeHHe guarpamMM.

Hcnoassys nporpammy Microsoft Excel, spimonnure
3ajaHud:

1) Bpaun peKoMeHAYIOT SHEBHYIO HOPMY HHIIH Daclpeze-
NATH Ha 4eThIpe NMpHeMa: yTpeHHWil 3aBTpak — 25%,
BTOpOIi 3aBTpaK — 15, o6ex — 45, yxxua — 15%. Ilo-
CTpoiiTe KPYTrOBYIO AUATPAMMY pacIpefieeHusa THEBHOM
HOPMBI TIHIIH.

2) IIo BO3PAaCTHOMY ;COCTABY YKHUTEJIH Canxr-Ilerepbypra
pacHpeje/IUIUCh CleAyIomuM obpasom: a0 16 mer —
12,2%, or 16 mo 25 — 25,7, or 25 no 60 mer — 50,4,
crapnie 60 ner — 11,7%. IlocTpoiiTe N0 3THM JaHHEIM
KPYTOBYIO JUArpaMmy.

3) B Tabaune MoKasaHO paclpejeieHue NPUSHIBHUKOB IO
pocTy:

Poct, cMm Yacrora
155—-160 7
160-165 10
165—170 28
170-175 36
175—-180 49
180—185 26
185-190 ) : 15
190-195 9

HocTpoiiTe rHCTOrpaMMy 4YacToT ¥ I'MCTOIPAMMY OTHO-
CHTeJNbHBIX YacToT. )
4) Ucnonp3ya CTATHCTHYECKHE JAaHHBIE POAMIBLHOrO AOMA,
3aI0JHNTE Tabauny:

Ren me- 1 2 30
cAna
Koau-
JeCTBO
MaJIbLIH-
KOB

Koan-
YecTBO
JeBOYEK
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IlocTpoiiTe rpaduxm, nOKaspIBAOIINE POXKACHNIE MATH-
YNKOB U JAeBOYECK.
5) B rabxuie yrasan pacxon Marepuanos JIIIV no ksap-

TANAM.
Ne | Marepuans 1-it 2-i 3-i 4-i
» KBapTaJ | KBaprahx | KBapTanx | xBapran

1 |Oinpuus 634 | 615 629 625
2 |Buars 156 165 178 149

3 |Mackn 80 67 75 50

4 |Baxuibl 743 781 698 752

5 |Xanarsr 81 88 77 65

ITocrpoiiTe 06pEMHYIO I'CTOTPAMMY II0 00pA3ny:
Hcnoassosanue marepuanos B JIIIY

800
700
600
500

400
300
200
100

0

1-it kBapran 2-if kBapTan 3-it KBapran 4-i kBapTan

B mnpunwy M@ 6uAETH O Macku O Gaxunsr W XaxaTel

3. IIpuban:keHHoe BLITUCIIEHNE HHTETPAA.

Iocrpoiite Ha KAeTyaTOM OyMare CHCTEMY KOODAHHAT
¢ MacmTaboM «ABe KJIeTKH — eNUHMLA AMUHEI». Haltgure
npubaniKeHHbBle 3HAUEHUA CJEAYIOMMX HHTErpajoB, IIO-
cTpouB rpadMKy NOAEIHTEIPANLHEIX GYHKIUN U BLIUMCIAA
IIouIaAu rpaMKoOB M0 «KIETKaM».

10 1010 10 nx
1) jo,lxzdx; 2) j—- dx; 3) jssin— dx;
0 0o % 0 10
8 5 v nx
4) IO,szdx; 5) I5cos— dx.
: % 10
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4. IIpu6insxeHHOe BEIYMCICHHE HHTErpana ¢ NOMoOUIbIO0
MHTErpajJbHbIX CyMM.

Xox paboTsI:

— Brifepurte ogny n3 GyHKIUN, YKABAHHAIX B IPeAbIAYIIEH
pabore.

— CocraBbTe Tabauny sHaueHNiT QYHKIUH, PasbuB 061acTh
oIpefeNeHUA HA PABHbIe YacTU JIIHHON Ax = 1.

— BhrruncnuTe ABe MHTErpajbHBIE CYMMEI, BRIOMDAsA 3Ha-
YeHs QYHKIUM [JIs IepBOM CYMMEI Ha JIeBBIX KOHIAX
HOPOMEXYTKOB [x;; x' + Ax], a mast BTOpOil CyMMBI HA
NpaBhIX.

— IlpuBeauTe reoMeTPUYECKYIO HILTIOCTPANMIO BEIYUCILAE-
MO IJIOIaA¥ MHTErpPaJbHBIX CYMM.

— ComocraBbTe OTBET ¢ MOJYYEHHHEIM B IPeJBIAYIIEM 3a-

JAaHUU Pe3yJIbTATOM ¥ CO CJHeJYOIMMH 3HAYEHUAMU

mromaneii ¢ Tounoctbio Ao 0,01:

10 1010
1) j 0,1x%dx ~ 33,33; 2) j —dx ~ 23,02;
X
0 0

10 8
3) [ 5sin Xax ~31,83;  4) [0,2x%dx ~34,13;
0 10 0

5
5) | 5cos X dx ~ 31,85.
L7710

5. IIpubauxenHoe pemrenne TuddepeHuaiLHOro ypas-
HEeHMs MeTonoM Jiijaepa.

IIpy BHITIONHEHHH OPaKTHYeCKoH paboThl HeoOXOAUMO
PeIInTh 3aa4y: HaliTH pemenne A depeHINATLHOTO YpaB-
HeHHUA Y’ =y — x?, YHOBJIETBOPAIOIIee HAYAIBLHOMY YCIOBUIO

=2 npu x,=0.

1) Hponepyre, yro pyHKuuA y=x? + 2x + 2 gBAAETCA TOYU-
HBEIM pellleHHeM IIOCTaBJIeHHOH 3aflaun.

2) Byaem cTpouTh rpaduk HPHOJHKEHHOTO DEIIeHHUA B
Buze JoMaHo# nuuuu. JlomaHada CTPOUTCS, HAauMHAA C
trouku P, (0; 2). 3navenus x = x, GepyTcsa HA OTpe3Ke
[0; 1], Haqnnax ¢ x,=0, ¢ marom h TaK: X, +,=%, + h.
3HaveHne y =y, quncnﬂe'rca mo q)opmyne ypaBHerm
npaMoit Y, +,=Y, +Y, * h, HaumHagA C Yy, = 2. Yraosoit
koaddunuenT y,’ Baxopurca us AuddepeHIHATBHOTO
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ypaBHeHHA Yy '=y, ~ x 2. CocraBbTe Tabuuuy 3HaveHHi
X, Y, Yy, nnaorpeska (0; 1] npu mare h=0,2.

3) IlocrpoiiTe omanyI0 P, P, ... P, u3 HaiileHHBIX TOYEK
P, (x,; y,). Hocrpoiite rpaduk Tounoro pemrenus Ha or-
peske [0; 1]. Haiiaure HauGobIIee OTKIOHEHNE TOYHOTO
peuleHusA A, OT NpuGIHKEHHOTO.

4) IloBTopuTe BBIUMCHIEHNA 1. 2 C marom h=0,1. Ilocrpoii-
T€ HOBYIO JIOMaHYI0 JIMHUIO. BEIYHCINTE HOBOE OTKJIOHE-
Hue A,. Bo ckonpKo pas TouHee NONyunIoch IpuGIMKe-

A
HHE (T. €. KAKOBO OTHOILEHHE A—Z) IpYU YMeHBLINEHUY
1

nrara BaBoe?
6. IToctrpoenue rpados.

Brimonnure 3agaHuA pusA caMocToATeNsHOH DpaGoTh
Ne 97—101 remst 3.2. «OCHOBHEIE NOHATHS TEOPHU rpacdoB»
Ha KommbioTepe. [1a peammsanum ucmonnsyiiTe rpadmde-
CKHii pefaxTop (moboii, MoxHOo Paint) mu6o rpadmueckue
BO3MOKHOCTH Microsoft Word — HarnsfHO IpeAcTaBbTe
rpadbl B BU/le DUCYHKA rpadUuecKoro pelakTopa HiId CXeMEI
TEKCTOBQTO IIpoleccopa.

7. Amanu3s pemorpaguueckoii cutyanuu 8 Poccun.

1) [To nCXOAHBIM JAHHBIM BEIYHCIATE NOKA3aTElb POK-
JaeMOCTH, TI0KA3aTelb CMEPTHOCTH M eCTeCTBEHHBIH
IPHPOCT C UCHONL30BaHHEM O(HCHOI IIPOrpaMMEI
Microsoft Excel.

Hemorpadgmsa Poccuiickoit degepannn

Yuce-
JgeH- | Uueno | Yncno | Iloka- | IIoka- | Ecre-
HOCTB | poams- | ymMep- | 3aTent | 3aTenb | CTBeH-

HI}";I Tom | mace- | mmxcsa, | mux | poxaa- cMepT- HBIA
neHud | (Thic. | (THIC. | eMocTH | HocTHM | mpHpOCT
(M | wenm.) | werm.) | (%o) (%o) (%o)
gyeJ.)

1 ]1990| 148,0 | 1988,9 |1656,0{ 13,44 | 11,19 2,25

19 12008

SamoJyiHUTE TAaGIUNY, NCIOAL3YA AaHHEIE HA c. 390—391.
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- 2) B aroii Ke mporpaMme 1ocTpoiiTe rpagUEy paccMa-
TPHBaeMBIX IIOKasaTeseil.
HNemorpadnaeckne noKasaTeau

20,00
N

15,00 e
...

e,
10,00 K Shii AREE TR PR eI <ol g 4

5,00 »

0,00 S~

12 4 5 6 7 8 9 1011 12 13 14 15
-5,00 ———t—— —

Tor&isarens

-10,00

= [IokaszaTelb POKA2EMOCTH
—=— [lokaszaTelib CMEPTHOCTH
4 EcTecTBeHHEIl IPHPOCT

3) OTBeThbTE HA BONPOCHL:
— Kak u3MeHANACH POXKAAEMOCTH B PacCMaTpUBaeMOM
nepuome?
— Y70 MOKHO cKasaTh O IIOKasaTejJle CMEPTHOCTH 34
nociaenuue 20 ner?
— Yro mpoucxoauTr B Poccum C ecTeCTBEHHBIM IIpU-
pocrom?
— BrInosHeHHNEe KAKOT'0 IPAaBUTEILCTBEHHOTO JOKYMEHTA
JIOJI*KHO HOPMAaJIU30BaTh AeMorpadMIecKyI0 CUTYalHIo
PD?
8. CocTapieHnse M 3amoJHeHHe TaOJauH.
Cocrasbre Tabaumy, MCOOAB3yA mporpamMmy Microsoft
Excel, nna pacdera CTOMMOCTH allT€YK¥ NMEPBOH MeAWIIMH-
CKO# IIOMOILIM:

HaumeHnosanue
JeK. CpeAcTBa

Ne n/m KonuuecTso CTOMMOCTH

Hroro:

9. MogennpoBaHue OHOJOTHYECKHMX IIPOIECCOB.
CylmecTByeT THIOTE3a, YTO YKU3Hb YeJOBEKa MOAYMHSA-
eTcA TPeM IMKJIXIeCKHM IpoLeccaM, HashiBaeMbIM OHODHT-
MaM#u. 9TH IUKJIEI OIMKECEIBAIOT TPY CTOPOHEL CAMOYYBCTBUA
YeJIOBeKa: (PU3NYECKYI0, SMONHMOHANBHYI0 M HMHTEJIEKTY-
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anpHyl0. BHOpPUTME XapakTepusyOT MOABEMBI M CHAXLI
Halrero cocToAHus. CuuraeTcs, 4TO «B3jeTaM» rpaduka,
TIPeACTABJIAIOIIEr0 cO00H CHHYCOMAANLHYIO 3aBUCHMOCTS,
COOTBeTCTBYIOT GoJlee Garonpuarasie oM. [HH, B KOTOpPhIe
rpaduK nepexomuT depes och abenmce, cCIUTaOTCs Hebaro-
npuATHHIME. He Bce c4MTaOT 3Ty TEOPHUIO CTPOTO HAYUHOIA,
HO MHOTHE BepAT B Hee. Bosee Toro, B HEKOTOPLIX cTpadax
MUpA B KPUTHYECKHE AHH, KOTAa OCh aGCIuce IepeceKaroT
OAHOBPEMEHHO ABe UM TPY KPUBRIE, JIOAAM Ipodeccuii ¢ no-
BEIIIEHHBIM YPOBHEM PHUCKA (JIeTIMKAM, KacKajgepaM U T. II.)
NpefOCTABIAIOTCS BEIXONHbLIE AHH.

3a TOYKy oTcdeTa BCEX TpeX GHOpPHTMOB bepeTcs AeHb
POKAeHusA desnoBeka. MOMEHT poKjeHUS AJNA ueJloBeKa
O4eHb TPYZEH, BeAlb BCe TPH OGHOPHTMA B BTOT JeHEL IIepeceKa-
10T och abcuuce. C TOUKH 3peHus GHOJOrUH 5TO FOCTATOUHO
npaBJonoKo6HO, Befb PeGeHOK, MOABIAACE Ha CBET, MeHAET
BOJHYIO cpelly obutanmnsa Ha BosgymHyio. IIpoEcxofur rio-
GanpHas mepecTpoiiKa Bcero opraHU3Ma.

Pusndeckuil GHOPHTM XapaKTepHU3yeT *KU3HEHHbIE CHIBI
4JeNoBeKa, T.e. ero QpusmuecKkoe camMouyecTeme. Ilepmoamy-
HOCTE,€Tr0 COCTaBJIAeT 23 AHA.

IMONMOHANBHEH GHOPUTM XapaKTepusyeT BHYTDPEHHHIA
HacTpO# YeJIOBEKA, €ro CrocoGHOCTH SMOIMOHAILHOIO BOC-
OpUATAA OKpYKamoero. [IpoxomKuTeabHOCTL HepHoxa
SMOIMOHAJNLHOTO IUKJA paBHa 28 aHAM.

Tperwnii 6uOpPUTM XapaKkTepusyeT MBICIUTEIBHbIE CIOCO6-
HOCTH, HHTEJLIEKTYalbHOE COCTOAHME YeloBeKa. I[uKiudg-
HOCTB ero — 33 aus.

ITpeanaraercs oCyIeCTBUTE MOIeTMPOBAHYE GHOPUTMOB
AT KOHKPETHOrO 4YeJ0BeKa OT YKASAHHOM TeKyIeH AaThl
(nEA OoTCUeTa) Ha MecsAn BHepeX C IEJBI0 AAJBHENIIEro
aHaJTK3a MOJAEJH.

ITens MomemmpoBaHMA — HA OCHOBe aHAJIM3a WHIWBH-
AyaJIbHBIX OMODHTMOB NPOTHO3MPOBATHL HeGIArompHUATHEIE
AHY, BBIOMpaTh GmarompHATHBIE AHM AJS PasHOTO poja
JAeATeNHOCTH.

YKasaHHEIe IUKJIBI MOXXHO ONNCATH NPHBEAEHHBIMH
HIDKE BBRIDAYKEHMAMU, B KOTODBIX IIepeMeHHAad X — KOJH-
YeCTBO IPO’KUTHIX YEJIOBEKOM HHeil:

dmsuuecknii nuxa OU3B (x) = sin (2nx/23);

aMonuoHaNbHbIE nukx MO (x) = sin (2rnx/28);

HHTeNeKTyanbHbli nukx HHT (x) =sin (2nx/33).
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IIpumeuanue.

O6paTtuTe sHuEMaHMe! B Ka Ay (bOpMyJIy BXOZUT BhIpa-
sxkenue (A9 — $B$4), KoTopoe BEIYUCIAET KOJIUYECTBO AHEH,
MPOYKUTEIX 4eJNOBeKOM. U XOTdA 5TO BRIpAKEHWE COREPIKUT
CCBUIKY HA SUeliKy, B KOTOPLIX 3alNCaHbl JaThl, CPea 3JIeK-
TPOHHBIX TAGINIl ABTOMATUIECKH BEIUHCIAET KAXAYIO JATY
KaK KOJMJYecTBO AHeH, mpomepmux ¢ 1 amBaps 1900 r.,
a 3aTeM ompeJessieT PasHOCThL Mexxay Humu. Ilpm sanucu
(hOpMyJI CIeyeT UCTIOAB30BATh BCTABKY CTAHAAPTHBIX (PYHK-
wunt CUH (...) u IIN. #

Jara samonusercs no ¢opmary 00.00.0000. Eciu nara
HabpaHa MPaBUIBLHO, TO f4Yelike aBTOMaTHIecKy GyaeT npu-
cBoeH ¢opmat Jara. [IpusHakoM npaBHILHOro Habopa AaThl
SABIAEeTCA BLIDABHUBAHYE 3HaUEeHUA BIPaBo.

Sanumem pacueTHbIe (OPMYJIBL:

Aueiixa Popmyna
A9 = $B$5 1)
Al0 =A9+1 (2)
B9 = CUH(2*TIN()*(A9-$B$4)/23) = |(3)
(03] = CUH(2*TIN()*(A9-$B$4)/28) 4)
D9 = CUH(2*TIN()*(A9-$B$4)/33) (5)

B nporpamme Microsoft Excel rabauna 3anojHAaeTcA
cJaeAyIOLIMM 00pasoM.

A B C D
BuopuTmMbl

HUcxogubie
AaHHbIe

Jara poxgenus | 06.03.1984
Iara orcuera |01.04.1998

IinTe bHOCTD
TPOT'HO3a

30

PesyabnTaThl

TTopaaKoBbIi dusuye- IMOINOo- AuTeniexkTy-
HOMep cKoe HaJNbBHOE ansHOe

®opmyaa 1 ®opmyna 3| Dopmyna 4 | Popmyna 5
®opmyna 2 3amoJHUTL BHU3

| 0 || & [~ W [N

—
o

[
—

3amoJIHUTD ]




CpaBHuTE pesynbTaThl, HOJIydYeHHEIE TIOCTIE BBOAA (op-
MYJ, ¢ pe3yJbTATAMU, IPUBEeHHBIMHU B [IPUMepe pacdeTa.

3 Ilopaakosriit | dusuye- IMOIHo- HaTenrexry-
JeHb CKOe HaJILHOE anbHOoe

9 01.04.1998 0,40 -0,22 -0,99

107 02.04.1998 0,14 -0,43 -1,00

11| 03.04.1998 -0,14 -0,62 -0,97

IMocTpoiite guarpammy (rpadmk) u CpaBHUTe ee ¢ HH-
JKeCHaeAyIoe:
) Brnoputmsr. Jara poxg, 06.03.1984

HJara orcuera 01.04.1998
1,50

1,00

K O 0 o
S OO

.04,1998
.1998

%0
=3
=
oy
<

0,50 -

03.04.1998
105.04.1998
107.04.1998
109.04.1998

27.04.1998

9004.1998

0,00

-0,501
~1,001

-1,50

I—o— Dusuyeckoe —~~ OMOLHUOHAIBHOE 4 I/Imejmemyanbuoe]

CoBnagenrve 3HaueHHH ¢ KORTPOIBHBIM 00pasIoM IoKa-
3bIBA€T MPABHUJILHOCTH BBEAEHUA (HPOPMYII.

Pacuer 6MOpUTMOB peasbHOTO YeJIOBeKa

1. Beenute B Aueiiky B4 aary poxgenus KOHKPETHOTO ye-
noBeka (cebs), a B Aveliky B5 — xaTy orcuera 6uopurMma.

2. IIpocnenuTe mepecdeT 3HAYEHUH ¥ M3MEHeHWA Ha Aua-
rpamme.

3. Onpeznenure 6IArONPUATHBIE U HebJaroupuATHLIE HU
IJIsT TaHHOTO 4YeJIoBeKa.

4. CoxpaHnuTe BBHINOJHEHHYIO pabory B (paitre Buopurmer
Ha Pabouem crose.

Onpejenenyie COBMECTUMOCTH JIIOfiel Io GHOPATMAM
Korza y npyx moneii coBnagamoT MK OUeHb OIU3KH rpa-
(GUKH 0 0fHOMY, ABYM WM JajKe BCeM TpeM OMOPHUTMAM, TO
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MOKHO IPEAIIOJOMKUTh JOBOJHHO BBICOKYIO COBMECTHMOCTH
3THX JIOHeH. :

ITocrpoum Mojens GuU3HIeCcKoi, 3MOMUOHATILHON M HH-
TeANeKTYaNbHOH COBMECTMMOCTH ABYX aApysefi. Ilmsa sroro
BEINIOJIHUATE CJIERYIOI[HE JefCcTBHUA:

1. OTRpBITE daiin BuopuTMEL.

2. BrizemuTs panee paccuMTaHHLIE CTONONBI CBOUX 6GuopuUT-
MOB, CKOIIMPOBaTh MX M BCTABHUTH B cTonbusl E, F, G,
HCIONB3YSA KOMaHILy CrenuanbsHasd BcTaBKka — TOJBKO

. BHAYEHUS.

3. Beecru B sueiiky D4 pary posxaenus apyra. Mozers
MTHOBEHHO IIPOCUMTAETCS JJIA HOBHIX JaHHBIX. . .

4. B cronbnax H, I, J nposecT: pacueT CyMMapHBIX Guc-
puTMOB 110 QopMyIam. :

H I J
8 Pusngeckas OmonmonanbHas | MHTennekTyanbHad
cymma cyMMa cymmMa
9 =B9 +E9 =C9 +F9 =D9 +G9
10 |3anoannuTs BHKA3| 3amONHUTHL BHU3 3anoMHATL BHU3

5. Ilo cronbuam H, I, J nOCTpOUTEs TUHEHHYIO JHATPAMMY
(rpadux) dusugeckoil, SMONVMOHAILHON ¥ MHTEJIEKTY-
anbpHOMH coBMecTuMocTh. [IpuMep cyMMapHO# fuarpaMMBbl
npejcTaBieH Huxe. MakcuMalbHBble 3HaAYEHHA MO OCH
Y Ha auarpaMMe YKasbIBAIOT cTeleHb COBMECTHUMOCTH:
ecau pasmep mo Y npeswimaer 1,5, To Bl ¢ APYTOM B
XOpoiueM KOHTaKTe.

CymMMapHEIe GHOPHTMEI
Ian poxnenna: 06.03.1984 » 11.10.1984

2,00

1.00 [ld..\
0,00

—1,00 v

-2,00

1 13 15 17 19 21

—— Pu3. cymMMa  —e-IMoN,. cymMma  + WHTER. cyMMa
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10. Baneosornyeckas oneHKa GHOPHTMOIOrHIECKOT'0 THIIA
OpraHM3al i HEPBHOM CHCTEMBEI.

OnpenennTs THO GHOPHTMOJOrMYECKOH OpPraHU3AI[AH
HEPBHOM! CHCTeMBbI NPY NIOMOIIM PETUCTPAI[MH JaCTOTHL Cep-
neuHoil gearensHoctu (YUCC).

Xox paboTsl;

. ITposoaum uccregoBanue Ha cebe, ompenenssa u pukcH-
py# B nipotokoje Beanaunasl YCC.

. Boibupaem Jsro6ste 10 fHeil ¢ OTHOCHTEHHO PABHOMEPHOIA
3arpy’KeHHOCTBI0 (OTCYTCTBHE NMPA3NHUKOB, COPEBHOBA-
HU#, 9K3aMEHOB).

. B BriGpannble ZHUM, HauyMHASA C DOHeNEeNbHHMKA, eKe-
AHeBHO B 8, 12, 16, 20 u 24 yaca noxcuutsiBaeM YCC
3a 1 MuHyTY.

. Illopcuer YCC npoBoguM B MOTOKEHUY CHASA HOCTe 5 MUR
OTIBIXA.

. Pegynbrar 3aHoCHM B HU)KenpHuBeAeHHYIO TabauLy.

) YCC za 1 munyry
PHO — I'mnspora Mapuna lemnansesna B cyTounom
H HeJeIHOM UMKJAX B IepHOL ¢ 7 "oaOpa 2005 r.
no 16 Hoabpa 2005 r.

Bpema mabaiofenus Cpezunit
JHu "Hegean 3 12 ] 16 ] 20 [ 24 mz:;a;zzim

Tloneaensuuk 64 | 62 |1 66 | 68 | 68 65,6
Bropuux 64 | 64 | 70 | 72 | 70 68

Cpeana 63| 66| 68 | 78 | 74 69,8
Herpepr 66 | 70 | 72| 80 | 70 71,6
Martruna 66 | 68 | 72 | 75 | 72 70,6
Cy66ota 64 | 70 | 74 | 76 | 72 71,2
Bockpecense 65|68 (7 | 75| 73 70,2
Honepensunx | 63 | 67 ( 69 | 74 | 71 68,8
Bropauk 65|70 | 72| 73] 70 70
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Cpena 68 | 69 | 70 | 74 | 69 70

Cp. mokasarens 64,8|67,4]70,3|74,5/70,9 69,58
83 4ac

6. ITocse samonHeHMs Ta0aAUIbl PAacCIUTHIBAEM CpefHHE
nokasareau UCC 3a KaxAulil JeHb (mpaBasg KpailHAdA
rpada) 1 3a KaxAbll uac (HUKHSAS CTOPOHA TaOJIMIIBL).

7. Ilo momy4eHHBIM JAHRBIM CTPOMM JBa TpaduKa: AnB.

Ha rpaduke A Ha rOPH3OHTAJBLHOHN OCH OTKJIAALIBAETCS
BpeMs perucTpanuu Benwuunsl YCC: 8, 12, 16, 20 u 24
vaca. Ha BepTHKaJIbHOH! OCH OTKJIAJBIBAIOTCA CpeNHUeE II0-
kasatesu YCC 3a uac. Ha rpadpuke B 1o ropusoHTansHOM
ocu OTMevaloTcs AHM perucrpamum YCC: 1, 2, 3 ... 10. Ha
ocH opAMHAT — cpenuue noxasaresu YCC 3a Kax bl JeHb.

I'padux A
CpenHuii nokasarteas 3a dac
80
75
o 70
&)
T o65
60
55 T ™~ T T
84 124 16 u 20 u 24 4
Yach
I'padpux B
Cpenanii moxa3aTeasp 3a JeHb
74
72
o 70 ;‘—
&)
5 68
66
64
62 L} L] Ll L] L] ) L] L4 L}
1 2 3 4 5 6 7 8 9 10
TEn




8. IIporoguM aHAMM3 AUHAMUKH cpeaxux noxasareeit YCC
B TeUeHHe BceX AHel HaOGMIOJeHWI M xeaeM BBIBOJ O
THUIIe OMOPUTMUYECKOH OPraHM3alMy HEPBHOHN CHCTEMEI
«CoBa», «iKasopoHok» miu «CpegHuil THUII».

BBIBO/I: {na «CoBbI» XapaKTepHO MOCTEIIEHHOE BO3pac-
ranue nokasaTteasa YCC B reuenne gHA ¢ 8 10 24 u (rpaduk
A). Ina «iKasopoHka», Hao60pOT, XapaKTepHO CHIIKEHUE
cpenuero sHaueHusa YCC k koHuy aas. [Ina «Cpezpnero
THIIA» XapPaKTEPHBIM fABIAETCA MHHHMAJIbHOE H3MEHEHUe
noxasatenda YCC B TedeHue AHA ¢ HEKOTOPOIi TEeHAEHIUHA €ro
cHmkenusa K 16 4, CregoBaresibHO, THI GMOPUTMHIIECKOI Op-
TAaHM3aIX HEePBHOM CHCTEMBI JaHHOrO uenoBexka — «CoBas.

IMosrimenue cpeguero gaeBHOro sHaveHus YCC Ha rpa-
¢ure B cBuaerenncTByeTr 00 YBeJMUYEHHH HAINPAKEHUA B
CepAedyHo-COCYANCTOI CUCTEMe, a CHUKeHe — 00 yMeHbIITe-
Huu HanpskeHusa. Usmenenne YCC niia ganHOTO YesI0BEKA,
BUAMMO, CBA3aHO ¢ POJOM €ro AeATeJLHOCTH.




NPUNOXEHUA

Mpunoxeune 1
CnpaBoyHbie MaTepuansl

KBagpaTHoe ypaBHeHHe

%

ax‘+bc+c=0;
D = b - 4ac.
1) D > 0 — ypaBHeHue vMeeT JBa KODHSA
_-b:VD,
2¢

2) D < 0 — ypaBHeHUe He IMeeT KOpHeil;
T 77 3) D=0 — ypaBHeHue MMeEeT OAUH KOPEHb.

X, 2

-b
x=—
2a
Teopema Buera.
Ecam x;, ¥ x, — KOpDHHM IpUBEJEeHHOr0 KBaAPaTHOIO
ypaBHEeHUA

2 — = =
x*+px+q=0,T0 X +X,=-p, X,-x,=q.
Pa3znoxeHue HA MHOKHTEIH

a*-b*=(a-b) (a+b)

a® -b® = (a - b)(a® + ab + b?)
a®+b*=(a+b) (az—ab+b2)
a’+ 2ab + b =(a + b)*
a’-2ab+b*=(a - b)?
a®+ 3a%h + 3ab? + b* = (a + b)®

a® - 3a’b + 3ab* -b*=(a - b)?

ax’+bx+c=a(x-x,)(x-x,), TAe X, ¥ X, -— KOPHH ypaBHe-
BUg ax?+bx+c¢c=0 "
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ITIponopumun

Iponopyua: s A a:b=c:d.

>l e
ala

Ocrosnoe ceoticmeo nponopyuu: a-d=c- b |

M3 nmponopuuu 2 _ € cnepyior paBeHCTBA:
b d

o=,
d
b=ﬂ;
¢ |
el |
b’
a=b |
a i
: |
, e ¢ |
IIponopuuu, obpasosannsie us TIPOTIOPIIMH i 7 : C
\
b_d, \
a ¢’ “
a_b, |
c d’ ‘\
atb ctd 1
b d ’
a ¢
bta dzc

OcnoBHbIe mpaBna Audgrepenuuporanus

IlpousBoguas or cymmer ABYX HJN HECKONBKUX (yHK-
U

\
\
\
|
\
\
\
|
(u+v—w+...+t)’=u'+v'—w’+...+t'; \
IIpoussogHas or mpoussegenus ABYX GYHKIUIL: \
(wv) =uv +u'v; \
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TIpousBoHas QPYHKIUK C IOCTOTHHBEIM MHOMKHUTEIEM:
(cv)' =cu's
[poussoaHad xpobu:

’

’ ’
u vu —uv
—_ = _————;
v vz

TIpousBogHaA QYHKIHUM OT dysxnun (croxHOR QyHK-
nun):

y 7 fu), u=0(x)
o 1) 4()

IIpon3BoAHbIE dJIeMEeHTaAPHBIX dyHRUMIL:

(x) = nx"; : (sinx)' =cosx;
, 1 (cosx)' =-sinx;
Jx) = —=;
( ) 2Nx ’ 1
(tgx) = 5
, cos” x
1 1
L3 I I , 1
(x] PR (ctg x) = -———:;
sin® x
x' = 1,
.1 (arcsin x) = 1 H
(1nx) = ';7 1- xz
-
¢y =0; (arccos x) = — ! =3
(aX)’=a"lna, ll—x
» (arctg x) = 53
(log, x) = = 1+x
e (arcctg x) = - 1
(ex)f — ex; 1+ x2 ’

Ta6auia HeolpefeleHHLIX HHTErPaios

1) j0dx =C;

2) J'Cdx =Cx+C;
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3) jdny:szw;

o+l

4) J'x"dx = x+1+C, oz -1
o
ax

5) fa"dx = Ina +C;

dx
6) j—x— = In|x| + C;
7 _[cosxdx =sinx +C;

8) fsinxdx =-cosx +C;

df =tgx+C;
S™ X

= —ctg x+ C;

= arcsin x + C;

11) f

= arctg x + C;

dx
12) J.1+x2

dx x
13) | — = in-+C;
) f R arcsin "

14) Jm = ln’x+\/x2 ia2!+C;

dx 1. la+x

15 =—1 +C;
)Iaz_xz 2ana—x

16)f 2=-1—arctg£+C.
a+x* a a

4. 3ax. 475 ‘ 417




3HaueHHe HEeKOTOPBIX YIiI0B TPMTOHOMETPHIECKHX

byHKRIHE
@B | g0 | 300 | 45° 60° 90° |180°]| 360°
rpas.
B 0 kil n T T n 2n
pazn. 6 4 3 2
sinal O l [2— l/___3i 1 0 0
2 2 ¥ 9
cosa| 1 ll_g_ ﬂ _1- 0 -1 1
2 2 2
t 0 1 1 J3 0 0
[¢} —_— —_
¢ J3
ctgal — | 3 1 L 0 — —
NE)
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1.
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
12.
13.
14.

15.

14*

Mpunoxenue 2
MpumepHblie TeMbl pecepatoB
ANA CamMoCTOATENbHON PaboTbl CTYAEHTOB

Poarp u MecTo MaTeMaTHKH B COBpEMEHHOM MHUpe.
Beiuncnenve auddepennuana. punoxenue audde-
peHIMana K IPHUOIMIKeHHBIM BBIUMCJACHUAM 3SHAYCHHI
dYHKIIH. "

IIpumeneHMe ONpeeIEHHOTO HHTETPAja K BEIYUCICHHIIO
Pa3IHYHBIX BEJHYHH.

Huddepennuanbibie YpaBHEHUS U UX IPHMEHEHHEe B
MeAUIMHCKOM IpaKTHUKe.

IIpumeHeHME CTATUCTHYECKUX Me'ro,sz B COLIAAJILHO-TH-
THEHIIECKUX U MEeJUKO-010IOrHYecKHX UCCAeTOBAHNAX.
IIpakTryecKoe IpUMeHEeHNE CTATUCTHYECKUX IIOKa3aTe-
Jiell AJId BEIHCJIEHUA MTOKa3aTeeil 310poBha HaceJeHUs
u pesarensHoctu JIIIY (DAII).

Aganus CTaTHCTHIECKHX IIOKa3aTeJleil OeHKH AeATellb-
HOCTH INOJUKJIHHUKH U CTAIOHApA.

T'a3o06MeH B Jerkux. JKU3HEHHAsd €MKOCTh JErKHX.
Hoxkazatenn cepedHoil AeATeIbHOCTH.

OrneHka NPONOPIMOHAIBFHOCTH PasBUTHA pebeHKa (pacueT
npubaBKK pocTa, Macchl, NMTAHUA JeTei, aHTpoIoOMe-
TPUYECKUe HHJEKCHI).

CanurapHas (MeZMUIMHCKASA) CTATHCTHKA — OTPACIb
CTaTUCTHUIECKOH HAyKU.

Ilepenucs HacemeHHuA,

HanuonansHui IpoeKT «300pOBhE».
JdemMorpaduueckas CUTyanus B CTpaHe ¥ MHUpe.
HUcnonbpsoBanue MaTeMAaTHKH B MPodecCHOHAILHOM ges-
TEJBHOCTU MEeJUNMHCKUAX PAaGOTHUKOB CpefIHETO 3BEHA.
Maremaruueckas cTaTUCTHKA H ee pOJlb B MeJUIIMHE
3/[paBOOXPaHEHHMN.
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Tpe6oBanuna x ohopmnennio
pethepatusHoro coobuienus

s CTPYKTypa COOOIIEHMS AOJKHA BKJIIOYATH: HasBaHUe,
IUIaH, TEKCT, CIIUCOK MCIIOJb30BaAHHON JIUTEpPaTypEI.

» O0peM Coo0IIeHYS IOKEH COCTABIATH He MeHee 10 crpa-
Hun popmara Ad, aKKypaTHO HAIMCAHHLIX OT PYKM, MU
7 nucros dopmara A4, HaGpaHHBIX Ha KOMIOBIOTEpe U
OTIIeYaTaHHBIX.

e [Inan coobieHusa XOMKEH OTPAKATH CYTh TEMBLI U IO-
3BOJISTH PACKPHITH MOJHOCTRIO €€ coAep KaHpe.

¢ CICOK MCIIOIB30BAHHOM JIATEPATYPHI JOJMKEH BKIIOYATH
HEe MeHee TpeX MCTOYHHNKOB.

o TuTynsHEIH JMHCT pedepaTHBHOrO COOGIIEHHA AOINKEH
OBITL OOpMIIeH CTAHAAPTHO.




fipunoxenue 3
Wrorosaa KoHTponbHaa paGora

Bapuanr 1

1) Haiigure npou3BoAHYI0 QYHKIINE B TOUKe X =1:
y= % - 3x% + 8.
x

2) BeluMcnauTre MHTErpAI:
4
[ (3x* - 4x + 1)dx.
a1
3) Pemture 3anxauy:
CKrONBKO BOAEI HYXKHO B3ATH, 4TOORI U3 30 r coAsl moxy-
ynnca 20% -\elit pacTeop?
4) Peminte 3agauy:

W3 maprum B 1000 mupunos 43 okasanuck 6paxkosaH-
merfiu. HafizuTe BepoATHOCTHL MOSBJEHUA HOPMAJLHEIX
H3AeIHiA.

5) ITocrpoiite rpaduk pyaruuy y=x>—4x + 6 u sanumuTe
e€e OCHOBHEIE CBOMCTBA.
. x%-49
6) Beraucante mpegen lim — —.
o7 x-1T

7) OnpefenyuTe MATEMATHYECKOS OXKHAAHMWE AMCKPETHOM
cay4aifHOM BeJWYMHBI, 3aJaHHOM 3aKOHOM pacupeje-

JIeHUs:
X 2 5 8
P 0,2 0,3 0,5

8) OnpenennTe KOHIEHTPAIIMIO PACTBOPA B COOTHOIIEHWH,
ec/l OPONEeHTHAA KOHIeHTpauua coctasasaer 0,5%.

9) Onpegnenure JKEJI ana my:xuyuan 30 Jjer pocToMm
180 cm.

10) Brrumcnure Maccy ceMuMecadHoro peGeHKxa, eciy OH
poauicsa ¢ secoM 3,5 Kr.
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Bapuanrt 2

1) Haitaure nponssoanyio QyHKIHK B TOUKe X = 1;

'y=%—7x3+5\/—.
x

2) Beryucaure mHETErpa:

3
[P -2x+5)dx. #
-1

3) Pemure 3agauy:

CKOJIBKO BOABI HYKHO B3ATh, UTOGH! u3 40 T conu moy-
aunca 15% -uetii pacteop?

4) Pemure 3agaqy:

U3 100 yenoBex, mpHuIefIINX HA IPAEM K TepameBTy,
15 umesu moHMKeHHOe JaBieHHe, 43 — HOpMaibHOe,
Y OCTaJbHEIX OLLTIO NOBHIIIEHHOE AaBieHue. Kakosa BeposrT-
HOCTH TOr0, YTO UeJIOBEK, NPMIEAIINHA K TepANeBTY, MMeeT
IIOBLHIIIEHHOE AaBieHue?

5) Ilocrpoiite rpadux pyHxuun y=x%-2x + 3 1 3anUMHUTe
ee OCHOBHEBIE CBOMCTRBA.
. x?-121
6) Berunciaure npegen lim ———.
-1t x-11
7) Onpegenure MaTeMaTH4eCKOe OXKHAAHHE AUCKPETHON
CIy4aiiHO# BeJMYHHBI, 3aJAHHOH 3aKOHOM pacIpefe-

JeHus:
X 2 3 5
P 0,1 0,4 0,5

8) Onmpenenure KOHIEHTPALIMIO PACTBOPA B COOTHOLIEHMH,
eClI¥ NPONEHTHAS KOHIeHTpanus cocraniaser 2,5%.

9) Onpeaenure KEJI gna xenmunn 35 geT pocrom
160 cm.

10) BrraucanTe Maccy IIECTHMeCSIHOro peGeHKa, eclH OH
pozuncd ¢ secom 3,2 Kr.
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Mpunoxenue 4

TecT-KoHTpOND
. YcranoBuTe COOTBETCTBHE MEXAY (QYHKIHUAMH H HUX
IIPOU3BOLHBIMHA.
1. f(x) = 6 + cos x; A) f(x) = sin x;
2. f(x) = 6x + cos x; B) f(x) = 6 — sin x;
3. f(x) = 6 — cos x; C) f'(x) = —sin x.

. Bropas nponssognasa y'"(x) dyaknun y(x) = 7 + bx — x?
UMeeT BUA:

DNy =-2; 2) y'=5 - 2x;
3)y"=11; 4) y"=0.

. Huddepennuan pyaxumn y = 2x + Tx uMeeT BUA:
1) 6x2dx; 2) (2x® + Tx)dx;
3) (4x2 + Tdx; 4) (6x2 + T)ydx.

. IpubnuxenHoe 3sHaueHWe NpPHUpAIdeHAA PYHKOUH Y =
= 2x% — 5x — 3, BRIUKCJIEHHOE ¢ mOMOIIL0 Auddepen-
puana B Todke x, = 3 npu Ax = 0,02, pagHo:

1) 0,02; 2)-0,14; 3) 0,14; 4) 0.

. VinoBoit kK03 PUIHEHT KacaTeabHOH K rpaduKy QyHK-
muu y = 5 — 6x + 2x% B Touke x, = 3 paBen:
1) 5; 2) 11; 3) —6; 4) 6.

. Hana ¢yaruma y = 2xt — x® — 2. YcTaHOBHTE COOTBET-
CTBHE MEXXAY HpPOM3BOLHBIMH (GYHKIOHMH B COOTBETCTBY-
IOWMX TOYKAX U UX 3HAYCHUIMH.

1L y'(-1) A) —11;
2. y'(0); B) 5;
3. y'(1); 0 0.

. MHosecTBO BCex mepeoo6pasHeiX GYHKITUN Y = 2¢* IMeeT
BHJ:
1) e; 2) 2¢%;

3)%e"+c; 4) 2¢* +C.

6
8. OnpepeneHHplil METErPAT I%xzdx paBeH:
0

x3

1) 16; 2) —E—; 3) 36; 4) 6.
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9. Ilnomaas KpuBOAUHEHAHOH Tpamenuu D onpexenseTca

HHTErpajioMm:

10.

11.

12.

9
1) J\/de ;
4

2) T(\/;c-+1)dx ;

3) T(JEH)dx; ;

4) T(«/Z +1)dx.

Eciau ckopocTs MaTepualbHON TOUKH, ABHMKyIIelcsa
npsaMoNuHe#HO, paBHa U(t) = 5¢ — 4, Toraa nyTts S, mpoii-
JeHHBIA TOYKOM 3a BpeMsd ¢ = 2 OT Hayaka ABUKEHUH,
paBeH:

1) 5; 2) 20; 3) 2; 4) 18.

B pesynbrate moacranoBku t = 1 — 12x mHTerpan
5
I (1-12x)’ dx npusogurca x BuAy:

1) -12[#%dt; 2) —-11—2j't5dt;

3) j 5dx; 4) j 5dt .

I/ICHOJII:IBYH CBOiicTBa OIIpeZieJICHHOI'0 MHTerpajga, MHTe-
]

2
rpai .f(xcosx +9sinx)dx MOKHO IPHBECTH K BUAY:
0

T

Ly

© ey | A

2
xcosxdx +I9$inxdx :
T

4

2) QT(xcosx +sinx)dx ;
0
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3) |(xcosx +9sinx)dx;

3)‘
r
2

T

poi A

2
4) jx cosxdx + QI sinxdx .
0 0

13. BriGepure yTBep:K/AeHNE O YUCIOBLIX MHOXKECTBAX, KO-

TOpOe ABJIAETCA UCTHHHBIM:

1) MHOXeCTBO HMPPAITMOHAJIBHEIX YMCEN SABJIAETCA IOA-
MHOYKE€CTBOM MHOXKECTBA IEJBIX YMCeIl.

2) IIpome:xyTok (—14; 3] aABAAeTCA HOAMHOKECTBOM
otpeska [—15; 0].

3) MHOXecTBO [JefCTBUTEJBHBIX UHCEJ ABJIAETCHA IIOJ-
MHOYXE€CTBOM MHOXKECTBA MPPAIMOHAIBHBIX YHCEI.

4) Nurepsana (—12; 13) apaserca MOZMHOKECTBOM OTPE3-
ka [—13; 15].

14. Nansr fBa MHOKecTBa A U B.
CepbIM IBETOM BBIZENIEHO:
1) passocTh MHOMeCTB B U A;
2) nepeceueHne MHOKecTB A u B;
3) pasHocTh MHOMKeCTB A 1 B;
4) obbeauHeHMe MHOXecTB A u B.

15. Crenens BepmuHbl A paBHa:
1) 0;
2) 2;
3) 3;
4) 1. A
16. Pacmonoxxute 3ajaHHbBIe MHOYKeCTBA B HOPSAAKe Bo3pac-
TaHUSA KOJHYECTBA HX 3JIeMEHTOB:
1) MHOXXeCTBO HEIBIX YHCe;
2){1, 2, 3, 5, 8, 13};
3) IycToe MHOYKECTBO;
4) {x € N, 40 < x < 44}.
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17

18.

19.

20.

21.

22.

23

. A3 25 yuammuxca B kiacce 20 caenanu npusuBku. Hayaa-
qy BRIOHMpaioT yueHuKa. Torxa BeposrHOCTh, 4TO BEIOpaIn
VIeHHKA, KOTOPOMY OBIJIa cAelaHa IPUBWBKA, PaBHA:
1) 0,5; 2) 0,8; 3) 0,08; 4) 0,2.

Hs 400 zaperncTpupoBpaHHBIX 6paxkoB 50 pacnagaioTcs B
TeueHHe mepBoro roga. OTHOCHTENIBHAS JACTOTA PACTOP-
KeHHA Opaka B TedeHHe IEpPBOro I'ojia paBHA!

1) 0,875; 2) 0,75;
3) 0,25; 4) 0,125.
Ilo panHOMY paclipefie/IeHHIO BHIGOPKH

x |1 J2 |5
n |5 |1 |4

3HaUeHUe BHIGOPOYHOH cpeAHeH paBHO:
1) 3,5; 2) 2,7; 3) 3; 4) 3,2.

BepoAaTHOCTS MOABIESHUA ONHOTO M3 ABYX HECOBMECTHBIX
coOniTHit A u B (6e3pa3MyHO KAaKOI'0), BEPOATHOCTH KO-
TOPBIX cooTBeTcTBeHHO P(4) = 0,1 u P(B) = 0,8, paBna:

1) 0,8; 2) 0,45; 3)0,1; 4) 0,9.
2
. -4
IIpenen hmf———x—"-—:;— paBeH:
x-1 2-—
1) -1; 2) 0; 3) 1; 4) 2.
YeTaHOBUTE COOTBETCTBHE MEMXAY IpefeaMH M KX
SHAYECHUSAMH.
x2+2
1. lim TRt A)1;
x> x
2
2. lim X *2, B) 0;
x> X
3. lim—"—; C) w.
o x4+ 2
. (4+x)(x-1)
. Buauenue mpegena lim-—-————= pasHo:
x-1 x“ -1
1) oo; 2) 2,5; 3) 0; 4) -2,5.
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24.

25.

26.

27.

28.

29.

30.

. sin3x
3Hauenwue mpesena lim
X

n— paBHO:
1
1) —3—; 2) 3; 3)1; 4) 0.
Koanuecrso pebep rpada, HHIANEHT-
HEIX BeplInHe B, paBHO: B
1) 2; 2) 3; 3) 4; 4) 5.
3HaueHnue, paBHOE 6; HMeIOT Ba U3 IPUBEJAEeHHBIX HUXKe
TIpefieJIOB:
2 2 _
1) lim 5x — 6x : 2) lim 63&:3 x+21.
x—>°°3+x 12x2 x> x% 4 2x
3) lim % =62 4) im12¥ =24
x—)oox3_2x+1 xo0 3+ 2x
JIBa mpesiena, 3HaYeHNsA KOTOPHIX PaBHEI 6:
) lim sin3x , 9) lim sin6x :
x50 2x x>0 X
6
3) lim X 4) 1msm.vt:
x->0 slnx -0 6x
IIpoussogaasa QyHKIUH Y = €* - Inx uMeeT BUJ:
1)y =e i 2) = et -2
x x

3) y’=e"-lnx—e"-l; 4) y’=e"-1nx+e"-l
x x

Bropas npoussogHas ¢pynkuun f(x) = 5x + x* paBna:
1) 5 + 2x; 2) 2; 3) Tx; 4) 5.

2
HuTterpan I(Z + 3x2)dx paBeH:
0 .
1) 4; 2) 12; 3) 0; 4) 14.
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Mpunoxexue 5
3apgaum ana niobutenei mareMaTuku

Ne 1
Haiizure npoussoauyio ¢yrkmun y = (2 — x)/In x.
Omsem: (x — 2 — xInx) / [x (In x)?].

Ne 2,

Haiigure upnpamenne Ay dyEKOHH y = x%, ecyin x. = 2
u Ax = 0,01.

Omeem: 0,0399.

Ne 3.
Haiizure HeonpeaeseHHbIH HHTErPAT

J.(3 +CosX — 2e2‘)dx .
Omeem: 3x — sin x — e%*, .

Ne 4,

BrruucauTe naomaas GUrypsl, OrpaHUYEeHHOM THHUIMH
y=1-x%y=x22+2,x=0,x=1,

Omeem: 5/3.
Ne 5.

3apniary MeacecTphl noBricuau Ha 10%, a saTem uepes
rog eme Ha 20% . Ha CKOJIBKO NMPOIEHTOB IOBLICHJIACH 3ap-
IjIaTa MeJcecTphl 10 CPaBHEHHUIO C IePBOHAYAILHOM?

Omeem: na 32%.

Ne 6.

IlonoBrHA OT TIOJIOBMHEI YHcJIa paBHA NoJoBuHe. Kakoe
3T0 9Hucx0?

Omeem: 2.

Ne 7. _
Pemmte nponoprmio (4 — x) : 1,2 =5 : (x + 3).
Omeem: —2; 3.

Ne 8.

(2Jc2 +bx — 7)

Brrunciaure npenen hm-——-—-————-——- .
(3x o 2)

*

Omeem: 9/5.
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Ne 9. v «

Yrobsl ONpEAeIHTb, KaKO# IBET BOJIOC BCTPEYAETCHA B
ropoje garie, a KAKO# pexxe, CTYIE€HTHI 3a IOJI9aca IPOBEIN
crepyoomuii skenepuMenT. Kasxarri Bei6pas cBoit MapmpyT
¥ 3AIUCHIBAJ [0 OYTH CJEJOBAHKA IBeT BOJOC KaXJOTO
OATOT0 BeTpeuHoro. PesynbTaTel OBIIM 3aHECEHEI B CIEAy-
IOIIyI0 TAa0auIy:

| IseT Bonoc | Bprorers: | Hlatenst Brorauas Bcero

Huexno 108 372 83 212 865
mopei

OneHuTe BepOATHOCTL TOTO, UTO BHIOpDaHHBIM Hayraj
SKUTeNb 3TOTO ropoia Oyzer: a) IaTeHoM, 0) PHIKUM, B) He
perxuM. OTBET OKPYIJINTE A0 ABYX SHaKOB IOCJIE 3alATOM.

Omeem: a) 0,43; 6) 0,10; B) 0,90.

Ne 10.

Iposefensl N3MEPEHUA BASKOCTH KPOBHU Y 9 GOJBLHBIX.
3HavYeHHS OTHOCHTENLHOM BA3SKOCTH KPOBH Y OGOJBHHEIX
cocrasmiu: 5, 4, 3, 2, 6, 3, 4, 8, 10. Haiiautre maremaru-
YecKoe OKUIaHWe M JUCHEPCHIO AJA JaHHOH BHIOOpPOYHOM

£OBOKYIIHOCTH.
Omeem: M(X) = 5; D(X) = 3,219.

N 11,

Hmeercss 735 r 16% -Horo pacrsopa ifoa B CIHpTe.
Hysxro nonyuuts 10% -Re1i pacTBop itoga. CKOIBKO rpaM-
MOB CHHPTA HY>KHO JOJHTH AJA 3TOTO K yXKe MMelomeMycs
pacTBopy?

Omaeaem: 441 r.

N 12,
MegunuuacKuil xajaT cHadaka nogopoxanx Ha 10%, a
3areM nogemesenx Ha 10% . Kax usmennnacs nexa xanara?
Omeem: Ilogemeren ua 1%.

Ne 13.

CocunTaHO, 4TO HA roJoBe y 4ejOBeKa B CpeZHEM
150 000 Bosoc. OnmpegeneHO TaKiKe, YTO HX B CPefHEM
suimazaeT B Mecan 3000. Beraucaure, CKONBKO BPpeMEHY B
CpeXHEM JePXXHTCH Ha rojoBe KasKAsli Bosoc?
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Omeem: J{oNr0BEUHOCTH 4€JIOBEYECKOro Bojioca 4 ¢ He-
GoJIbIINIM rofa.

Ne 14.

BreruueanTe niomans GUrypsl, OrpaHnueHHoN THHUAMHA
y=2x—-x%x+y=0.

Omeem: 4,5.

Ne 15.
Banummure uuciao 24 Tpems OAMHAKOBHIMH HudpaMmu.
Hanpumep, 8 + 8 + 8. 3ajadua nMeeT He OJHO DellleHHe.
Omeem: 22 + 2; 3% — 3.
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MpunoxeHue 6
KOHTpOHbeIe BONpOCH! ANA 3a4eTa

1. Yro Takoe dyaruua? Ilepeunciaure OCHOBHEIE CBOMCTBA
byHKIMH.

2. Kaxue Uikl 3J1leMeRTapHBIX GyHKIui BB 3Haete? [laiite
UM olupejesieHHUe.

3. Uro Taxoe nmpupartenne aprymenta? Ilpupamienue GpyHK-
nun? IIpuMenenue npousBogHOM?

4. Y10 Taxoe mpouseogHada? B uem reoMerpmuecKmil u
MeXaHHYeCKUIA CMBICT MPOH3BOAHOH?

5. [TepeuncauTe IPOMU3BOAHLIE OCHOBHBIX 3JIEMEHTAPHBIX
byHKIHA.

6. Yro Takoe auddepernupoBanne pyHxuu? Ilepeuncaure
OCHOBHBIE IpaBuiaa AuddepeHIuPOBAHUA.

7. Haiite oupegeneaune pubdepennuana. O6bAcHUTE €ro
npuMeHeHNE K MPHOINKEHHBIM BBITUCICHUIM.

8. Kaxas dyHKIAA HaspIBaeTcs neppoobpasHoi ana dyHK-
nun f(x)? Ilepeuncnure croiicTBa mepBooOpasHoit. Yem
OTJIHAYAIOTCA APYT OT ApYyra pasJIHYHbie IepBooOpasHELIe
dyuknuy aias pagRok pyuruun f(x)?

9. HaitTe onpejeseHre HeolpeAeleHHOro MHTerpana. Ile-
pedncaInTe CBOMCTBA HeoNmpeJeleHHOr0 MHTErpasia.

10. Kaxoe peiicrBue HasbiBaeTcA HHTerpupoBanmem? Kax
OPOBEpHUTH pe3yJbraT HHTerpupoBanua? Yemy paBHa
NMpOM3BOAHAS OT HeoIpeAeJeHHOro uarerpaia’?

11. Ilepeuncaure Meroanl mHTerpupoBannsa. Ilepeumciute
OCHOBHBIE TAGJIMYHEIE HEONpeAelcHHLIe MHTETPAJIBL.

12. Jlaiire onpejesieHHe KpHUBOJHMHeiiHOH Tpamenuu, ompe-
JeJeHHOro MHTerpana. Ilepeuncinure cBOMCTBa ompeje-
JIeHHOI'0 MHTErpasa.

13. Cpopmynupyiite Teopemy Heiorora — JleiitbHuna. B wem
CXOJCTBO M pa3iInyie HeoopeAeaeHHOr0 ! ONpeAeIEHHOIO
MHTErpanoB?
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14. Kak BRIMUCIKTD IUIOIIALb IIJIOCKOH UTYDPHI ¢ ITIOMOIIBLI0
uHTerpajsia (COCTaBbTe CJIOBECHEIN aaropuTm)?

15. IlepeuncauTte 06JaCTH IpUMEHEHU S HHTEIDAJIa, HA30BH-
Te BeJIWYMHEI, KOTOPhIE MOXHO BBIYHCIHATE C IIOMOIIBLIO
WHTETpala.

16.Yro taxoe npegen? IlepeumciuTe OCHOBHBLIE TEOPEMEI
o npeaenax. HazoBuTe 0CHOBHBIE IIPHEMBI BEIYHMCICHUSA
npegeioR GyHKIUN.

17. Y10 Takoe rpad B Teopmf rpados? Buas! rpados? Iie-
MeHTHI rpada?

18. O6LACHUTE MOHATHSA CIYYaWHOTO COOBITHSA, UACTOTHI
CJIyIaiHOTO COGBITHS, JOCTOBEPHOCTH, HEBO3MOXKHOCTH,
PaBHOCUIBHOCTH, HECOBMECTHOCTH, IIPOTHBONOJIOKHOCTH
COOBITHIH.

19. laiite onpefelieHUe BEPOSTHOCTH CIyUafHOrO COOBI-
TuA. 3anumute ¢opmyay. ChopMmynupyiiTe TeopeMsbi
CIIOKEHUA ¥ YMHOMKEHHS BePOATHOCTEH, 3aIUMIUTE WX
dbopmynaMu.

20. Yro Taxoe 3aK0H pacupeeieHns CIyIailHON Be JUINHBI?
O06BsCHUTE NPUHIUI ero COCTABJIEHUSA.

21. [TaiiTe onpejieleHNe OCHOBHBIM XapaKTePHCTHKAM JUC-
KPEeTHOH CIyYaiHOH BeJUUMHBI (MaTeMATUYECKOe OXKU-
JaHde, AUCIiepcuA). 3anuminTte GopMyJibl.

22. Naitte onpepenenne cratucturu. Ilepeuncaure 3agaun
CTATUCTHKH.

.

23. Yro TaKoe cTATHCTUYECKAS COBOKYIHOCTH? EXUHMIIEI €€
usMepenuA? YUeTHble NPHU3HAKK?

24. IIepeuncinre 3Tanbl CTATHCTUYECKOI'O MCCIeZOBAHUS.
TaiiTe KPaTKYI0 XapaKTePHUCTUKY KaKAOMY JTamy CTa-
THCTHYECKOT'0 MCCJIELOBAHMA.

25.Yem oTinuaeTcd MeHepaiibHAA COBOKYIHOCTEH OT BBIGO-
pouHoii?

26. Yto Taxoe mosuron? Yro raxoe rucrorpamma? Yem onu
! OTJIMYAIOTCA M B 4eM UX CXOACTBO?
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27.IlepeuncanTte OCHOBHEIe NOKasaTeau BeIGopku. Haiite
UM ompezeseHue.

28. YT0 Takoe BapnauuoHHbii paa? YTo Takoe craTUCTUYE-
cxuii pax?

29. laiiTe onmpexeseHHe BHIGOPOUHBIX XaPAKTEPUCTHUK:
MAaTEeMATHYECKOI'0 OKMAAHHSA M JUCIEpCHY. 3aluIlnTe
HECKOJIBKO DasIUYHBEIX GOPMYJ A HX HAXOMKAEHUA.

30. YTo Taxoe caHuTapHad cratuctuka? Ilepeunciaure 3a-
Ia4uyl CAaHUTAPHOH cTATUCTHUKHU. [lepeunciuTe OCHOBHEIE
pasgessbl CAaHUTAPHO CTATHUCTHKU.

31.IlepeuncinTe OCHOBHLIE MEAUKO-AeMorpaduueckue mo-
rasareau. Kak BRIUHCIAIOTCA IIOKA3ATEIN POXKIAEMOCTH
U CMEePTHOCTH, €CTeCTBeHHEIH IpupocT?

32.Yro Takoe MUCKpeTHAs cIydaiHasg BeJIUYMHA U HeIpe-
pBIBHAA caydaifHas BenrnduHa?

33.B ueM sakauYaeTcs BBIGOPOUHEBIN MeTos 06paboTKH
CTaTHCTHYECKHUX JaHHbIX? YUTO ABISETCA NUCTOUHUKAMH
JAHHBIX CAHUTADHOM CTATHUCTHKH?

34.IlepéuncianTe OCHOBHBIE TOKAa3aTelH, ONpejesiolnye
zearensHocts JIITY u DAIL

35. KakuM 00pasoM oOCYIIIeCTBISIeTCA CTATHUCTHKA Hacele-
nus? Beepoccuiickaa mepenuch HacejieHUA M paboTa c
ee MOKas3aTeNdMHU.

36. airre olpefeneHue IPONOPIHY, OCHOBHOT'O CBOMCTBA IPO-
nopuuy., YTo Takoe mporeHT? 3afady Ha MIPOLEHTHI.

37.Yro rakoe mornka? OcHOBHBEIE NTOHATHUSA JIOIMKH (IIOHA-
THe, BEICKa3blBaHMe MM CY)KAeHVe, YMO3aKJIIueHNe),
X OIpefesIeHus.

38. Anre6pa BhIcKassiBaHMit. Tabiuna MCTHHHOCTH.
39. KonproHKuuA, AU3BIOHKINA, HHBEPCH .

40.Yro Takoe KombuuaTopuka? IafiTe onpenenenud 6aso-
BLIM IIOHATHAM KOMOMHATOPHKH (IlepeCTaHOBKY, pa3Me-
IeHusA, COUETAHNS) U 3aMuIIUTe UX GOPMYJIIBI.
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41.TIlpuBeguTe HMpHUMEpPHl IIPUMEHEHNA MaTEeMATUYECKUX
MeTOAOB B MeZHUIIHHEe.

42, ITepeuncaute Meprsl o0beMa. 3anumuTre GOPMYJIBL AJIA
pacueTta npuGaBKM POCTa M Macchl JeTeil.

43. O6bAcCHUTE NOHATHA: )KU3HEHHAS €eMKOCTh JJeTKUX, MHU-
HYTHBIN 06'beM ALIXaHUS, VAAPHEIA ¥ MEHYTHBIH 00HeMbI
KPOBH.

44.ITo xaxum HopMynamM PACCUATHIBAETCH KOJIUIECTBO MO-
JIOKa A5 pebenra 00 HeMHBIM ¥ KAJIOPUIHBIM MeTogaMu?

45, OnenKa IPONOPIHOHAILHOCTH DPasBUTHUSA pefeHKa. AH-
TPOIIOMETPHUECKHEe UHIEKCHI.
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MpunoxeHue 7
Bbicka3biBaHUA BENUKUX NIOAEH
0 MaTemaruke

Kuura npupoAbl Hanyucana Ha S3bIKe MaTeMaTHKH.
: (I'. F'anuneil)

MaremaTHKa — [apHlia HAayK, apudMeTHKa — napuua
MaTeMaTHKU.
(K.®. I'aycc)

KTo ¢ ZeTcKuX JileT 3aHUMaeTcs MaTeMaTHKOii, TOT pas-
BUBAET BHMMAaHUE, TPEHUpPYeT CBOI MO3T, CBOIO BOJIO,
BOCIWUTHIBAET HACTOHUUBOCTD ¥ YIIOPCTBO B JOCTHKEHUU
LIeJH.

(A. Maprywesuy)

«Ynca ynpapisioT MEPOM» , — TOROPHIM Oudaropeinsl.
Ho gncna 1aloT BO3MOXKHOCTE 4eJIOBEKY YIIPABIATH MH-
poM, U B 3TOM Hac y6exkjxaer Bech XOJi pa3sBUTHA HAYKH
U TeXHUKH HAIUX JHEH.

(A. Jopodnuyvin)

Pano uny 1mo3fiHO BCAKAS IPaBUIbHAA MaTeMaTHIeCKad
HufeA HAXOAUT HIPHMEHEeHHNe B TOM HJIX WHOM Jele.
(A.H. Kpwinos)

Ecou BRI XOTHTE y4acTBOBATb B OOJIBIIOH JKH3HH, TO
HaIOJHANTE CBOIO OJIOBY MaTeMATHKOH, ITOKA €CTh K
TOMY BO3MOXHOCTE. OHa OKajKeT BaM IIOTOM OTPOMHYIO
TIOMOIIIb BO Bceil sameii paboTe.

(M.HA. Karunun)

Ects opHa Hayka, 6e3 KOTOpOH HEBO3MOYKHA HUKAaKas
Ipyrasa. 9To MaTeMaTuKa. Ee NOHATHA, NpeAcTaBleHNA
U CHMBOJEL CJIY>KaT TeM A3BIKOM, Ha KOTODOM TOBOPAT,
NUIIyT B AyMaioT Apyrue Hayku. OHa 00BACHAET 3aKO-
HOMEPHOCTHU CJOKHEIX SIBJIEHUM, CBOAA HMX K IMPOCTHIM,
3JIEMEeHTAPHBLIM ABJCHUAM npupoasl. OHa IpejicKa3bIBaeT
¥ IIPeABRITUCIAET JAJeKO BIlepe]l C OTPOMHOM TOYHOCTLIO
XOA Beeit.

(C. JI. CoGones)
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Passe THI He 3aMETHJ, 4TO CIOCOOHEI K MaTeMaTHKe

HM30IIPeH BO BCeX HAYKaX B IpHpoae?
(IIramon)

Brino 6u1 X0opoIno, ecau OBl 3TH 3HAHUA TpeboBaKOo camMo
rOCyZApCTBO M ecau GbI JAMI, 3aHUMAKOIUIUX BEICIIHE
rocyZapCcTBeHHEIE JOJKHOCTH, NPHYYIATH 3aHUMATBCHA

MaTEeMAaTHKOMH U B HY’KHBIX CIyYasx K Heil oGpaljaTscA.
(IIramown)

- Haykn maTeMapmuecKkue ¢ caMoi riy6oxoil JApeBHOCTH
oOpamjasn Ha ce0d ocoOeHHOe BHMMAaHHMe, B HACTOSAIIee
BpeMs OHY ITOJTYYHJIH ele 60JIbIlle MHTepeca II0 BIUSHUIO

CBOEMY HA MCKYCCTBO M IIPOMBIIIJIEHHOCTS.
(I1JI. Yebviiues)

+ MaremaTHKa ecTh JIyuliee N JaxKe efUHCTBEHHOE BBele-

HHe B U3yUeHUe IIPUPOIEL.
(4.H. Hucapes)

AcTponoMus (KaK HayKa) CTAJA CYIIeCTBOBATH ¢ TeX IOP,
KaK OHa COoeJWHMJIACh C MAaTeMaTHKOM.
(A.H. I'epyen)

Tlonmer — 3To MaTeMaTHKA.

(B. Yxanos)

BaoxHoBeHNE HYXXHO B I'eOMETPHH HEe MEHbIIe, YeM B

1I033HH.
(A.C. Hywrun)

TeoMeTpus NoJHAa NPUKIIOYEHHH, HOTOMY UTO 33 KAKIOH
3afiaveil CKpEIBaeTCA NPUKJIKOYEHHE MBICIH. PeminTs

3a/jaqy — 5TO 3HAUYUT IEPE’KHUTH IPHKIIOYEHHE.
(B. IIpouseonos)

B maremaTuke ecTh CBOS Kpacora, KaKk B JXHBOIIMCH K
I093UH.

(H.E. Xyxoeckuii )

-« XuMHuA — OpaBad pyka GQU3HKHA, MaTeMaTUKa — ee I'J1as.
(M.B. Jlomonocos)
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+ MareMaTuKy y’Xe 3aTeM YYHTH HaJIO, YTC OHA YM.B IO-
PHAJOK IPHWBOXNHUT.
(M.B. Jlomonocos)

+ 31 mobmo MaTeMaTHKY He TOJNBKO IIOTOMY, 4TO OHA Ha-
XONUT NPUMeHeHHe B TeXHHMKe, HO M IOTOMY, YTO OHA

Kpacusa.
(P. Ilemep)

. Bce, YTO JO 3TOro OBLIO B HayKax. 'HApaBINKa, aspo-

MeTpHdA, ONTHKa U JPYIruX, -— TEéMHO, COMHHTEJBHO H
HEJNOCTOBEPHO, MaTeMaTnKa c/iejana ACHBIM, BePHBIM N

O9eBUAHEIM. :
(M.B. JIomonocos)

» Crpemamuiics x 6auKaiimeMy U3YYeHHNI0 XMMEHE KOMKeH

6BITL CBEAYI X B MaTeMaTHKe.
(M.B. Jlomonocos)

» Cinen ¢pusux 6e3 MATEMATHKH.

(M.B. Jlomonocos)

+ MaTeMaTHK, KOTOPHI He ABJIAETCA B H3BECTHOH Mepe

II03TOM, HUKOTAa He GyAeT HACTOAIUM MATEMATHKOM.
(K. Betiepwumpacc)

MaremaTuka — 3TO S3BIK, HA KOTOPOM TI'OBODAT BCe

TOYHBIe HaYKH.
(H.H. Jlo6auescxuli)

« Toabko ¢ a.nreﬁpoﬁ HaYNHAETCA CTPOroe MaTeMaTHIecKoe

yueHUe,
(H.H. Jlo6auescruii)

+ Kak 6Bl MammHa XOpouio HU paboTaya, OHa MOYKET pe-

marh Bce TpebyeMule OT Hee 3a7a4i, HO OHA HUKOI[A He
IpUAYMAaeT HI OXHOM.
(A. Diinwmeiin)

+ AMeHHO MaTeMaTUKa JaeT HaJlexKHeHIIIHe OpaBHIA: KTO

HM CIefyeT — TOMY He omaceH o6MaH 4yBCTB.
(J1. Siinep)




ITudpst (Yucia) He yHPaBAAIOT MEPOM, HO OHM IIOKAa3HI-
BAKOT, KaK YIPaBJIAeTCI MUp.
(H.I'éme)

ITpucransHOe, FIy00KOe N3yd4eHNne NPHPOALI €CTh HCTOY-
" HHK CaMBIX IUIOAOTBOPHBIX OTKPHITHN MATeMaTHKHU.
(K. Pypve)

Brino 651 Jerde octaHoBUTH CoslHIE, Jierdye GHIIO CABH-
HYTh 3eMJII0, YeM YMEHBIUUTH CYMMY YIJIOB B TPEYyrosb-
HUKe, CBECTH IMapaUleJI K CXOKJAeHWIO M Pas3JBHHYTh

NepIeHJUKYJIAPHL K IPAMOI Ha pacXoKAeHHe.
(B.®. Kazan)

Cuer ¥ BLIYHCICHUA — OCHOBa IIOPSAKA B I'OJIOBE.
(ITecmanoyyu)

Benudane 4esoBeKa — B €ro CIOCOOHOCTH MBICHHTH.
(B. IIackanv)

Ecan BBl XOTHTE HAYIUTHCA I1J1aBaTh, TO CMEJIO BXOANUTE
B BOAY, 4 €CJHIM XOTHTE HAy4YHUThCA pellaTh 3aAadd, TO

periaiite BX.
(4. Ilotia)

Yrobnl IepeBapUTh 3HAHUA, HANO [OIJIONIATH HX C aN-

TIeTUTOM.
(A. Ppany)

IIpegMeT MaTeMATHKH CTOJIL CEpbE3EH, UTO HE ClelyeT
yIycKaTh HH OJHON BQ3MOJKHOCTH clelaTb ero Gojee

3aHMMATEJbHBIM.
(B. IIacxanv)

Viaaunas MaTeMaTHYeCcKasd MIYTKA Jydlne, deM AI0KHHA
3aypaAaHEIX paboT; OHA sBJIAETCA OAHOBPEMEHHO M JIy4-
mei MaTeMaTHKOM.

(Qx. Tumaeyd)

Eciu TeopeMy Tak X He CMOIJIM AOKas3aTb, OHA CTAHO-

BHTCA aKCHOMOIA.
(Eexaud)
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Jloruxa — 3TO UCKYCCTBO OIMUOGATHCA ¢ YBEPEHHOCTLIO B
CBoOeif mpaBorTe.

(Qx. Kpamu)

Korzaa pasropapuBaenis ¢ MATEMATHKOM, MOXXHO He UMeTh
npexacTaBieHnA o MaTeMatuke. Ho mpu aToM coBepleHHO
HeoOXOAMMO YYBCTBO I0MOpPa M CO3HAHUE CBOEro HUUYTO-
JKEeCTBA...

(K. [J3esanoscruii)

Yesnoeex ecTsb Apo6b. YHCINTENb — 3TO CPABHUTEIBHO C
ADPYTMMH — JOCTOHHCTBA 4eJI0BEKa; 3HAMEHAaTeJIb — 3TO
OIIEHKA 9EeJIOBEKOM CaMoro ce6si. YBeJIWYHUTEL CBOM qHC-
JIATEeNb — CBOM JOCTOMHCTBA — HE BO BJIACTH YeJOBEKA,
HO BCAKHMIA MOJYKET YMEHLIINTH cefe 3HaMeHaTelb, TeM

CAMBIM IIPUOJIMU3UTHCA COBEPUICHCTRY.
(/1.H. Toacmoti)

TIomo6HO TOMYy, Kak Bce HCKYCCTBA TATOTEIOT K MY3BIKe,
BCe HAYKHU CTPEMATCA K MaTeMaTHKe.
(Axc. Canmaana)
@
B mMareMaTuKe HeT CHMBOJOB AJIA HeACHBIX MEICJEH.
(Anpu ITyankape)

Haeuaa I'map6epra crpocnian 06 OAHOM U3 ero GRIBITHX
VYEeHHKOB. <A, Takoii-to? — senomaua F'maséepr. — OH
cTaj moaroM. Jaa MaTeMaTHKM ¥ HEero OBLIO CIHMIIKOM

MaJIo BOOOpasKeHusI».
(B. Xmypuiii)

B KamJ0l ecTeCTBeHHOM HayKe 3aKJIIO4Y€HO CTOJBKO

HCTHHEL, CKOJBKO B Hell eCTh MATEeMATHKH.
(H. Kaum)

ToT, KT0 He 3HaeT MATEeMATHKH, He MOXKET Y3HAThL HUKA-
KOIf APYTOil HAYKH U JayKe He MOXKeT OOHAPYKUTE CBOETO

HEBEXKeCTBA.
(P. Bakon)
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CuMMeTpus ABJIAETCA TOA Maeeil, ¢ HOMOUILI0 KOTOPOit
YeJ0BeK BEKAMU IbITaeTcd OOBACHUTHL U CO3JATh MOPS-

JOK, KPacoTy U COBEPIIeHCTBO.
(I. Betiav)

Mao UMeTs XOpOomuii yM, riIaBHOE — XOPOIIO er0 TIPH-

MEHATb.
(P. [exapm)

Yacro roBoOpAT, 9TO HUGPH YIPABIAIT MAPOM; 110 Kpail-
Hell Mepe HeT COMHEeHY s B TOM, YTO I{U(PHI IIOKA3BIBAIOT,

KaK OH YIIpaBJIAETCHA.
' (H. T'éme)

Henbas GBITHL HACTOAIIMM MATEMATHUKOM, He Gyaydu
HEMHOT'O TO3TOM.
(T. Beiiepuwwmpacc)

AxcuoMa — 3TO MCTHHA, HA KOTOPYIO He XBATUJIO JOKA-

3aTeJILCTB.
(B. Xmypuwiii)

TeoMeTpusa SBJIAETCA CAMEIM MOTYIIECTBEHHBIM Cpef-
CTBOM JJIf H30IPEHMS HAIIXX YMCTBEHHBIX CIIOCOGHO-
creif ¥ JaeT HAM BO3MOYKHOCTH HPABUJIBHO MBICIUTE U
paccyXaaTh.

(I. I'anuneii)

Msuorue, KOTOPEIM HUKOTAA He IPEACTaBIAIOCH Caydad
fonee riyGoOKO y3HATH MareMATHKy, CMeIIUBAIOT ee C
apu(pMeTHKO! M CUMTAIOT HayKoH cyxoil. B cymiHocTH
JKe 3TO HayKa, Tpebyiolraa Hanbosee GpaHTa3HM, X OJUH
M3 MepBHIX MaTeMAaTHKOB HALEro CTOJETHUS TOBOPUT
COBEPIICHHO BEPHO, YTO HEAb3A OHTHL MATEMATHKOM, HE
6yAy4u B TO JKe BPEMs 109TOM B Ayie. TojlbKo, pasyMme-
eTcH, 4To6hI IOHATH BEPHOCTH 3TOr'0 ONpeJieIeHuA, HAJ0
OTKa3aThbCA OT MpepacCcyKa, UTo IIOIT JOJKEeH COYHHATD
HeCYIeCTByOIIee, YTO (HaHTABKUA ¥ BHIMBICE] — OAHO M
TO sxe. MHe Ka)XeTcs, YTO HO3T AOJIKEH TONBKO BUAETH
TO, UTO He BUAAT ApPYTHUe, BUAETH Iiy0Ke APYTUX.
(C.B. Kosanescxasa)
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* Iloka anre6pa u TeOMeTPHsA Pa3BUBATKCH BPO3b, HX IIPO-
rpecc O6LLI MeJIEHHBIM, IPIMEHEHNE — OrPaHNYeHHLIM;
KOT/ZIa Ke 9TH JBe HAYKH ObLIH COeNUHEHbLI, OHH CTaJH
[IOMOraTh APYT APYTY U GBICTPO INATATh K COBEPIIEHCTBY.

(Jlazpanic)

+ MaTeMaTHKa — TOXKe A3BIK.
(4. I'u66c)

* Mexay nyxom u MaTepueil mocpefiHHYaeT MaTeMaTHKa.
(1. I'yzo)

+ MaTtemMaTuKa IpefCcTaBiseT HCKyCHelimMe n306peTenns,
cmocobHble Y[OBJIETBOPHUTE JII0GO3HATENBHOCTE, 06JIer-
YHTh peMecsa U YMEeHBIINTh TPYA Jofel.

(P. dexapm)

* MaremaTuka BIajieeT He TOJLKO MCTHHOH, HO U BhICIIEH
KPpacoToi.
(B. Paccen)
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