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BBenenue

JlanHoe mocoOue mpeaHa3HAYeHO IS CTYACHTOB, TOTOBSIIMXCS CTaTh CIEIHATUCTa-
MU B 00J7aCTH M3YYCHHUs, OXpaHbl H PAIMOHAIHLHOTO HCIIOJB30BAaHHUS Pa3HOOOPA3HBIX 00BEK-
TOB KMBOU TIPUPOIBI.

Ha mpaktryeckux 3aHATHUAX MO TUCHUIUIMHAM "MaTemaTuueckue MeTOoIbl B OHOIIO-
run" u "MaremaTuueckue METOJIbl B SKOJOTHUU'" CTYJEHThl 3HAKOMSTCA CO CIEUHUATbHBIM
MPOrPaMMHBIM OOECIICUEHUEM M OCBAaWBAlOT OCHOBHBIE METObl aHAIM3A JTAaHHBIX U MaTeMa-
TAYECKOTO MOJICITMPOBAHUS.

JlJis 3TOrO JOJKHBI MCIOJIB30BAThCS 3HAHUS, YMEHUS U HAaBBIKH, IPHOOPETEHHBIE B
XO0Jle M3Y4YCHHs BbICIIEH MaTeMaTUKU (BKJIIOYAs TEOPHIO BEPOSTHOCTEH) U WH(DOPMATHUKH.
Kpome Toro, HeoOX0aUMO 3HAHHWE OCHOBHBIX TEOPETUYECKHX TOJOKEHUN MaTeMaTH4eCKOn
CTATUCTUKH, U3JIATrAIOIMIUXCA B COOTBETCTBYIONIMX YUYE€OHUKAX W JICKIIMOHHOM 4YacTU Kypca.
[Ipenmonaraercs Takke, 4TO CTYACHTHI YK€ 3HAKOMBI CO CTPYKTYpOil U (PyHKIIMOHUPOBAHUEM
OMOJOTMYECKHX U HKOJOTMYECKUX OOBEKTOB M3YyYEHHS U UMEIOT MPEACTABICHUE O METOAAX
MOJTyYEHUS U PErUCTPAIIIN OMOIOTUYECKON U SKOJIOTHYECKON HHPOPMAIIHH.

[Tocobue HammcaHO Ha OCHOBE ONBITA NPOBENEHUS J1a00OPATOPHBIX MPAKTUKYMOB,
MPOBOJIMMEBIX Ha (pakynbTeTe Ononoruu u 3xosioruu SApl'Y nmo mucuurumaaMm "Marematuue-
CKHe MeToapl B Omonoruu" u "MarteMmaTuueckne MeToAbl B sxonorun”, "CucreMHas 3KO0J0-
rus" u "OcHOBBI peIOHOTO X03sicTBa" (pasaen "MonaenupoBaHUE MOMYJISINI U COOOIIECTB
pBIO").

PykoBO/ICTBO COCTOUT U3 YETHIPEX OCHOBHBIX Pa3esiOB: B IEPBOM JIa€TCsl KpaTKas xa-
paKTEepUCTUKA MPOTPAMMHOT0 00eCreueHrs, BO BTOPOM OMHUCHIBAETCS MpeBapUTeNbHas 00-
paboTKa NaHHBIX, B TPETHEM MOCIEAOBATEIHHO HM3JIATalOTCS OCHOBHBIC ATAlbl aHAIHM3a JaH-
HBIX, YSTBEPTHIN MOCBSANICH MPUMEHCHHIO METO/Ia MATEMAaTHUECKOTO MOJICIIUPOBAHMS B OHO-
JIOTHH ¥ 3KOJIOTUH. B Havane Ka)kaoro mnojapasjena NpuBOJAUTCS KpaTKOE OMKUCAHUE ATarna 00-
pabOTKM WIJIM KCIIOJIb3YEMOT0 METOJla aHaliu3a, 3aTeM PAacCMaTPUBAIOTCS MPUMEPHI €ro MpH-
MEHEHHUS, a B KOHIIE TAI0TCS YIIPAXKHEHUS, BHITTOIHSAEMbIC HAa TPAKTHUECKUX 3aHATHUSX.

[Ipu pabote ¢ mocoOueM peKOMEHIyETCsl UCTIOIb30BAHHUE AJICKTPOHHBIX YUCOHUKOB, U
pelIeHre JOMOJHUTENbHBIX 3a/1a4 B X0J/1€ CAMOCTOSITENIbHOM paboThI.

CopepxaHne IpaKTHKyMa €CTECTBEHHO HE MOKET OXBAaTUTh BCE MHOT0o0Opa3ue cooT-
BETCTBYIOIIUX MMPOTPAMMHBIX MPOJAYKTOB, METOJIOB U CIIOCOOOB aHAIM3a U CUHTE3a OUOJIOTH-
YECKMX M IKOJOTUYECKUX MaHHBIX. Tak, BOMPOCH IMJIAHUPOBAHMS IKCIIEPUMEHTAa U MHOTO-

MEpHbIE METOJbl aHalln3a JaHHBIX (KJIACTEPHBIM, TUCKPUMHUHAHTHBIN U (DaKTOPHBIN) B MOCO-



O6um He paccMarpuBaroTcsi. Ho OHO MOXXET cTaTh TOH OCHOBOW, HAa KOTOPOW B JajbHEHIIIEM
OyZeT MPOUCXOAUTh OCBOCHHE HOBBIX METOJIOB PEIICHUS MPAKTUYECKHX 3ajad B 00JacTu
OMOJIOTUU M SKOJIOTUH C YUYETOM HAYYHOM CHeIMaIn3aluy CTYACHTOB.

ABTOp Ha/IeeTCsl, YTO TMOCOOME TIOMOXKET Pa3pyLIUTh MPEeayOekIeHUE CTYIACHTOB IO
IIOBO/ly HEOOXOJMMOCTH UCIOJIb30BaHUSI MATEMAaTHUYECKUX METOJI0B B OMOJIOTMU U KOJIOTUH,
a Taxke OyJeT MOJIe3HO MpU 00pabOTKE NAaHHBIX B XOJI€ BBIIOJIHEHHUS KYypPCOBBIX U JUILUIOM-
HBIX padoT.

bonpuyro nomomns B METOAMYECKOM M COAEPIKATEIBHOM acHEeKTax NpU HAMMCAaHUU
JTAHHOT'O NMOCOOUS 0Ka3aJI0 COBMECTHOE MPOBEICHUE MPAKTUUECKUX 3aHATUN MO PUMEHEHUIO
KOMIIBIOTEPHBIX TEXHOJIOTUH B MXTHOJIOTMHU, THIPOOUOIOTUN U PHIOHOM XO35HCTBE, MPOBO-
JUMBIX Ha OuosnorndyeckoM ¢akynsrere Spl'Y B 1983-1990 rr. ¢ JI.LAJKakoBbIM H

B.B.MeHIIyTKHHBIM, 32 YTO aBTOP BBIPAXKaeT UM UCKPEHHIOIO 0J1aroJapHOCTb.



1. HporpaMMnoe o0ecrnmeueHye aHAJIHM3Aa JaHHbIX.

Bce mHOroo6pasue mporpamMmHOro o0ecrieueHus aHajin3a JAaHHBIX MOXHO YCIIOBHO
paznenuTh Ha makeThl obOmero HazHaueHus (MS Excel), crenuanbHble MHTETPUPOBAHHBIC
CUCTEMBI U aITOPUTMHUYECKHE SI3BIKU TporpaMMupoBanusi. B cBoro ouepens crnenuanbaoe [10
nenutcs Ha Matemarudeckoe (Mathematica, Matlab, Maple, Mathcad), craructudeckoe (Sta-
tistica, StatGraphics, SPSS, Stadia) n makersr Hay4HO# rpadukm.

Hambomee nmocTymHeIMM B By3aX W IOUPOKO TPUMEHSIEMBIMH B HAay4HO-
UCCIIEIOBATEIBCKUX OPTraHU3alUAX OUOIOTHYECKOTO MPOQHIIS U B KOHTPOIUPYIOIIUX TIPUPO-

JOOXPAHHBIX YUPEKICHHUSIX SBISIOTCS dNIeKTpoHHbIe Ta0muibl MS Excel u maker Statistica.

1.1. Dnexkrponnbie Tadaunbl MS Excel.

Onexrponnsle Tabnuisl MS Excel pacronaraior pazHooOpa3HbIMU U I0CTaTOYHO 3(¢-
(EeKTHBHBIMH CpEICTBAMH aHajHM3a HH(popMaIm, a Takxke BeneHus 0a3 nanabix. Croa oTHO-
caTcsa (HOpMyJibl, Pa3HOTHITHBIE BCTPOCHHBIC (DYHKIIMH, pPa3HOOOpasHbIe THIBI TpaduKOB.
[Ipenmnonaraercs, 9YT0 CTYACHTH HMEIOT MPAKTHYECKHE HABBIKK MCIIOJIB30BAHUS 3TOTO MHCT-

pPYMEHTapusi, MOJyYeHHbIE IPH N3YYEHUN UH()OPMATHUKH.

Hcnonp3oBanve MYHKIMNA TSI BEIYUCICHNS 3HAUYEHUH

OyHKIUHN — 3TO 3apaHee oNpeAeIeHHbIe (HOPMYIIbI, KOTOPbIC BBHITIOIHAIOT BHIUMCIICHUS
0 331aHHBIM BEJIMYMHAM, Ha3bIBaeMbIM apryMeHTamMu. CIUCOK apryMEHTOB MOKET COCTOSITh
W3 YHCell, TeKCTa, Jorndeckux BenmmuuH (Hanpumep, MICTUHA wmm JIOXD), maccuBoB u ap.
HeobxonuMo crieauTh 3a COOTBETCTBHEM THUIIOB apryMeHTOB. Kpome Toro, apryMeHThl MOTYT
OBITh KaK KOHCTAHTaMH, Tak U (popmynamu. DT (HOpMyJbl, B CBOIO OYEpEIb, MOTYT COJAEP-
XKaTb Ipyrue QyHKINH.

CrpykTypa GyHKIUMH HAUMHAETCS C yKa3aHHUs UMEHU (YHKIUHU, 3aT€M BBOJUTCS OT-
KpBIBAIOIIasi CKOOKA, YKa3bIBAIOTCS apTyMEHTHI, OTACISIONIMECS TOYKaMHU C 3allThIMH, a 3a-

TEM — 3aKpbIBatoas ckoOka. [lepen umeneM (yHKIMN BBOJIUTCS 3HAK PABEHCTBA (=).



Taobmmma 1

HeKOTOpHe MAaTEMATHYCCKH U CTAaTUCTHYCCKHEC Q)YHKHI/II/I QJICKTPOHHBIX Ta6J'II/II_[.

Kareropus Haszpanue Brimonnsemoe aencteue Cnucok apryMeHTOB
Maremaruueckue | ABS Bosspamaer moaynb (abco- | (uncio)

JIOTHYIO BEJINYMHY) YUCIIA.
Marematnueckue | EXP BosBparmiaer uucio «e» Bo3- | (4ucio)

BEJICHHOE B YKa3aHHYIO CTe-

MIEHb.

Maremarnueckne | LN Bo3sBpamiaer HarypanpHblii | (YHCTIO)
norapudm yucna.

Maremaruueckue | LOG Bospamaer norapudgm (4ncio; OCHOBAHME)
YyCIIa M0 33IaHHOMY OCHO-

BAHMIO.

Maremaruueckue | LOG10 Bo3sBpammaer necsaTuynblit (aucio)
norapudm yuca.

Maremarnueckne | KOPEHb Bo3sBpamiaer monoxurens- (ducmo)

HOE 3HAaY€HUe KBaJPaTHOTO
KOPHSL.

Marematuueckue | OKPYTJI OKpyIJIsieT Yucio 10 yKa- (4nCi10; KOIMYECTBO
3aHHOTO KOJIMYECTBA J1ECS- JECATUYHBIX pa3psi-
TUYHBIX Pa3psa0B. JIOB)

Marematuueckue | CTEIIEHD BosBpamiaer pe3ynbraTr Bo3- | (UHCIIO; CTEIIEHD)
BEJICHHUS B CTETICHbD.

Marematnueckue | CYMM Cymmupyer uncina. (1mamna3oH yucen)

Cratuctuueckue | JIUCII OueHuBaeT IUCTIEPCUIO O (AIuamna3oH 4uce)
BEIOOPKE.

Cratuctuueckue | JOBEPUT Bosspamaer nosepurensb- (kxpUTHYECKUH ypO-
HBI HHTEpBaJI AJI CPETHETO | BEHb 3HAYMMOCTH;
re€HEPAIbHOM COBOKYITHOCTH. | CTAHIAPTHOE OTKJIO-

HEHUE; KOJINYECTBO
YUCeJ B AMANa30He)

Craructuueckue | KOPPEJI Bospamaer ko dunrent | (auama3oH ducen)
KOPPEJSILHHU.

Craructnueckue | MAKC Bo3zspamaer manbonbiee (mrama3oH gucen)

3HAa4YCHUC




Craructnueckue | MEJIMAHA Bo3sspamaer menunany (mrama3oH yucen)

Cratuctuueckne | MUH Bo3sBpaiaer Haumens1iee (mrama3oH yucen)
3HaYEHHUE.

Craructuueckue | MOJIA BosBpamiaer HanOomee yac- | (Auama3oH 4rcen)
TO BCTpeyYarolieecs WiH mno-
BTOPSAIOIIEECs 3HAYCHHE.

Craructuueckue | CKOC Bo3sBpamaer acummeTpuio (n1nama3oH uucen)
pacripeiesieHus.

Cratuctuueckne | CPTAPM BosBpamaer cpennee rap- (mrama3oH yucen)
MOHHUYECKOE.

Craructuueckue | CPITEOM Bosspamiaer cpennee reo- (nnama3oH yucen)
METPHUYECKOE.

Cratuctnueckue | CP3HAY BosBpamaer cpennee apud- | (quamnaszoH yucen)
METHUYECKOE.

Craructnueckue | CTAHAOTKJIOH | OuenuBaeT cTanmapTHOE (mrama3oH uucen)
OTKJIOHEHHE T10 BBIOOPKE.

Cratuctuueckue | CHET [ToacunThIBaeT KOMUYECTBO | (IMAma3oH 4yucen)
gricel (00beM BEIOOPKH).

Craructuueckue | DKCIHECC Bo3sspamaer skcrecc pac- (mrama3oH gucen)

MpEeaACIICHUA.

B snexTpoHHBIX TaOnHIIaX Tak)Ke MMEETCs MakeT "AHalu3 JaHHBIX", BRI3BIBAEMBINA U3

meHto "Cepsuc" (puc. 1). [Ipu oTcyTcTBHN Ha3BaHUs MaKeTa B CHUCKE CIEAYET UCIOIb30BaTh

nyHKT "Haactpoiiku".

AHANM3 AaHHBMK

HIHCTPYMEHTEI SHAMNMES

1 aHOGak TOPHEIM AHMCNEPCHOHHEIA SHANKE

Aevxhak TopHEIA AMCNEPCHOHHEIM AHANKE C NOETOREHMAMK
AevhakTopHEIR AMCNEPCHMOHHEIR aHanks Des NOETOPEHHA
KoppenanHa

F.oBEapHauLHa
CNHCaTENEHAA CTATHOTHKA

JECNOHEHUHMANEHDE CrNa¥HEaHHE
AEvxERIB0poYHEIR F-TECT ANA AMCNEQCHH
AHankz Dypee
[MCTOrpaMMa

k.

OTHEHS

CNpaska

[

il

Puc. 1. O0Omuii Bug MeHIo nakeTa "AHaanu3 JaHHBIX'".




[IpumeneHue oTnENbHBIX MOJYJICH MaKkeTa JUIsl pelIeHHs MPaKTUYeCKUX 3ajad pa3ou-

paercs B pazzene 3.

Tab6muma 2.

OCHOBHBIE HHCTPYMEHTHI MTakeTa "AHaJIN3 JaHHBIX .

JucnepcuoHHbIN aHa-

ITakeT aHanmu3a BKJIIOYAET B ceOs TPpU BapUaHTa AUCHECPCHUOHHOIO

M3 aHanmu3a: 0JHO(AKTOPHBIN, 1BYX(aKTOPHBIN C MOBTOPEHUSIMHU U 0e3
IIOBTOPEHUM.
Koppensauus B pe3ynbrate aHanusa popMupyercs KOppeasHMoHHas MaTpuUIa.

OmnuncarenpHas CTaTH-

CTHKa

OTO CPEeACTBO aHANW3a CIYXKUT U1 CO3JaHUSl CTaTUCTUYECKOTO OT-
4era, CoJepKalero HHGOpMaluoo O CpeIHeM 3HAUYEHUH, IOKazaTe-
JSX BapualuM, CTaHAApTHOM omMOKe U Jp. mapaMmeTrpax OJHON Win

HECKOJBKHX BBIOOPOK.

JIByxBbIOOpOYHBIH F-

TECT I TUCIEPCUI

JIByxBbI6OpOUHBIN F-TecT mpumeHsieTcs A cpaBHEHUS TUCTIEpCUi

JIByX I'€HEpaJIbHBIX COBOKYITHOCTEH.

JIuHelHbIN perpecCHOHHBIA aHAIN3 3aKII0YaeTCs B MOAOOpE ypaB-
HEHUS U COOTBETCTBYIOIIETro rpaduka ans Habopa HaOMOIEHUM c
MMOMOIIbI0 MECTOJd HAUMCHBIIUX KBAJApPaTOB. Perpeccml HCIIOJIB3YCT-
Cia AJIA aHaJIn3a BO3,Z[€I>'ICTBI/I}I Ha OTACJIbHYIO 3aBUCUMYIO IICPCMCH-

HYI0 3HAUEHUN 0JIHOM uiu Oosiee He3aBUCUMBIX ITEPEMEHHBIX.

Perpeccus
[Tapublit  1BYXBBIOO-
pOYHBIM t-TeCT 1A
CpEeIHUX

[Tapuslit 1ByXxBBIOOpOUHBIN t-TecT CTBIOJEHTA HCIONB3yeTCA IS
NPOBEPKU TUIOTE3bl O PA3IMUUU CPEIHHUX Ui JIBYX BBIOOPOK JaH-
HbIX. B HEM He npeanoaraeTcss paBeHCTBO IUCIIEPCUIN T€HEPAIBHBIX
COBOKYITHOCTEH, M3 KOTOPBIX BbIOpaHbl AaHHBIC. [lapHBI TecT uc-
MOJIb3YEeTCs, KOTJJa UMEETCsl €CTECTBEHHAsI MapHOCTh HAOMIOeHUI B
BBIOOpKaX, HampuMep, KOTJa TeHepalibHas COBOKYIHOCTh TECTHUPY-

€TCSI IBAXKIDI.

JIByXBBIOOpDOUHBIH  t-

TCCT

JByxBbI00pOUHBIH t-TecT CThIOACHTA CIYXKHUT JUIsl IPOBEPKU THITO-
Te3bl 0 PABEHCTBE CPEeIHUX AJs ABYX BbIOOpok. OnHa gopma t-Tecta
npeamnojgaract COBIIAACHHUC nncnepcnﬁ TCHCPAJIbHBIX COBOKYITHO-

CTEM, IpyTrasi — HECOBIAJICHHUE.




1.2. IlakeT npuKJIagHBIX porpamMm Statistica.

O6ma;1 CTPYKTYpa CUCTCMbI

STATISTICA nipencrapisieT coO0M MHTETPUPOBAHHYIO CUCTEMY CTaTUCTUYECKOTO aHa-

JHU3a u O6pa6OTKI/I JaHHBIX. Cucrema COCTOUT U3 CICAYIOIMIUX OCHOBHBIX KOMIIOHCHTOB!

MHOTO()YHKITMOHAJIbHON CHCTEMBI JIJIs1 pa0OTHI ¢ TaHHBIMU, KOTOpasi BKJIIOYAET B CeOst
3JICKTPOHHBIC TAOJHUIIBI 111 BBOJA U 33JIaHUSI UCXOJHBIX JAHHBIX, a TAK)KE CIICIHAIIb-
HBIX Tabmnuil (Scroolsheet) nnst BBIBOJA YUCIIEHHBIX PE3ylbTaTOB aHanmu3a. J[jis ciox-
HOU (crmenmanu3upoBaHHON) 00paboTku maHHBIX B STATISTICA wmeercst MOIYNb
Ynpasnenus oannvimu;

rpaduueckoil CUCTEMBI TSl BU3yAIM3AIMH JTaHHBIX U PE3YJIbTATOB CTATHCTUYCCKOTO
aHaIn3a;

HaboOpa CTAaTHCTUYCCKUX MOJYJIeH, B KOTOPBIX COOpaHBI TPYIIIBI JIOTHYECKU CBSI3aH-
HBIX MEXy COOOH CTAaTUCTUYECKUX Tporeayp. B 1r000M KOHKPETHOM MOTIyJIe MOKHO
BBITMIOJIHUTh OMpPENeJIeHHBI Croco0 cTaTUCTHUecKoH 00paboTKH, HE oOpamasch K
nporeaypam U3 Ipyrux moayieit. Kaxxapiit Moaynb sBisieTcs MOTHOLUEHHBIM Windows
npuiokeHueM. [1o3ToMy mosib30BaTe b KMEET BO3MOKHOCTH OJTHOBPEMEHHOU paOOTHI
KaK C OJHUM, TaK ¥ C HECKOJIbKUMHU MOIYJIAMH. [lepexmrouaThcss MEXTy HUMH MOKHO
KaK MeXJy OObIYHBIMU Windows mpuUil0oKEeHUSIMHU, HAIIPUMEp, IPU TIOMOIIHU KOMOWHA-
ruu knaBuin ALT+TAB wnm, BeiOupast ux Ha nauenu 3a0aq. Bce OCHOBHBIE Ollepariu
npu paboTe ¢ JAHHBIMU U rpaduuecKkre BO3MOKHOCTH JIOCTYITHBI B JIFOOOM CTaTHCTH-
YECKOM MOJIYJIC M Ha JIFOOOM IIlare aHajan3a;

CHEIHAIEHOTO HHCTPYMEHTAPHS IS TTOATOTOBKHA OTYETOB. [IpH OMOIIHM TEKCTOBOTO
penakTopa, BCTPOCHHOTO B CHCTEMY, MOXXHO TOTOBHTH IIOJTHOIICHHBIE OTYETHL. B

STATISTICA taxke nMeeTCcsa BO3MOKHOCTh aBTOMAaTHYECKOTO CO3TAaHUS OTUETOB.

Bce crpykrypubie komnoneHThl STATISTICA HACTOIBKO TECHO MHTETPUPOBAHBI MEXK-

ay CO6OI\/'I, 4TO pa3aACIICHUEC Ha pa3IMYHbBIC KOMIIOHCHTBI BO MHOI'OM YCJIOBHO U ABJIACTCA IT1O-

JIC3HBIM JIMIIb UL U3YUCHUS CUCTEMEI C METOAUYECKON TOUKHU 3pCHUH.



10

STATISTICA paboTtaet ¢ YEeThIPbMS Pa3IMYHBIMH THUTIAMU JTOKYMEHTOB, KOTOpPBIE CO-

OTBCTCTBYIOT OCHOBHBIM CTPYKTYPHBIM KOMIIOHCHTAM CUCTCMBI. 9T0:

e oJeKTpoHHas Tabnuua Spreadsheet, koTopas TpeAHAa3HAYeHA JUIsI BBOJA MCXOJHBIX
JAHHBIX M UX NPeoOpa30oBaHus;
e syeKTpoHHas Tabnuua Scrollsheet Mg BbIBO/A YUCIEHHBIX M TEKCTOBBIX PE3YyJIbTATOB
aHanu3a;
e rpaduK - JOKYMEHT B CIHEIHAIbHOM rpaduueckoM (opmaTe A BU3yaIM3alUU U
rpau4ecKoro npeicTaBIeHUs YUCICHHON HH(OpMAaIIH;
® OT4YeT - JOKYMEeHT B popmate RTF (Pacwupenusiii mekcmogou ghopmam) sl BBIBOJA
TEKCTOBOM U rpaduyeckoil nHHOpMALIUK.
B cootBercTBHM cO cTannaptamu cpeasl Windows kaxplii TUI JOKYMEHTA BBIBOJHT-
Csl B CBOEM COOCTBEHHOM OKHe B paboueil oOnactu cuctembl STATISTICA . Kak TOIBKO 3TO
OKHO CTaHOBHTCSI aKTUBHBIM, U3MEHSETCS MaHelIb MHCTPYMEHTOB M MEHIO. B HUX mosBistoTCs

KOMaHAbI U KHOIIKH, JOCTYITHBIC JJI1 aKTUBHOI'O JJOKYMCHTA.

BBoJ1 1aHHBIX

Hannsie B STATISTICA opraHn3oBaHbl B BUJE JIEKTPOHHOU TaOMULEl - Spreadsheet.
OHH MOTYT cozepkaTh KaK YHCJICHHYIO, TaK U TEKCTOBYIO0 MH(popmMaruio. /[aHHBIE B 3JIEK-
TPOHHOH TaOJIMIE MOTYT UMETh Pa3In4Hble (JOpMaThl, HAIPUMED, JAThl, BPEMEHH, HAYy4IHBbI
dopmar u np. Dnexrponnsie Tabauibl B STATISTICA noanepKUBaoT pa3IMyHble TUIBI OIle-
paumii ¢ JaHHBIMH, TaKHe KaK: ONepaIiy C UCIOJIb30BaHUuEeM Oygepa obmena Windows; one-
panuu ¢ BBIJCIECHHBIMHM OJIOKaMu 3HaueHUU (aHajmoruuHo MS Excel), B TOM uucie u ¢ uc-
noyib3oBaHueM Mmetona Drag-and-Drop - "llepemawumos u onycmums', aBTO3aIOTHECHUE
OJIOKOB U T...

BBecTu 1aHHBIE B 3JIEKTPOHHYIO TaOIUILy MOXKHO OJJHHM U3 CJIEIYIOUINX CIIOCOOOB.

e HenocpencTBeHHO BBECTH HMX B JJIEKTPOHHYIO TaONMUIly ¢ KiIaBHaTypsl. B
STATISTICA nmerotcst pa3BUTbIE MHCTPYMEHTAJIBHBIE CPECTBA /1JIs1 aBTOMATH-
3alMy PYYHOTO BBOJIA IaHHBIX.

e BplunciuTh HOBBIE JTaHHBIE HA OCHOBE YK€ BBEJCHHBIX JaHHBIX MPHU MOMOILU
(hopMyI1, KOTOPBIE MOXKHO 3a7aTh B AIEKTPOHHOU Tadymie. [Ipu 3Tom nmeercs

BO3MOXXHOCTh OBICTPOro J0CTyna K OOJIbIIOMY KOJUYECTBY CHELHaTU3UPO-
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BaHHBIX MAaTEMAaTHYECKUX M CTATUCTUYECKUX (YHKIMH, TOMTyCKAaeTCS MCIIOIb-
30BaHHUE JIOTHYECKUX OTEPAaTOPOB.

e Bocnonp30BaThCsl AaHHBIMH, TTOATOTOBICHHBIMH B JIPYTOM IPHUIOKEHHH HC-
MOJIB3Ysl ONepalyu KOMUPOBaHMs AAHHBIX uyepe3 bygep obmena - Clipboard

Windows.

Yars |Cases

i Data: Children.5TA 21v = 308c

BO3FPACT

B 128,58 24.0 67,0 B3.0 59.0 10,0 5.0
2 | f = 135.0 25.5 61,0 7.5 54,0 15,5 10,0
3 | f k& 126, 0 20,3 63,0 53.0 55.0 9.0 9.0
4 | f B 124.0 20,2 60,0 56.0 53.0 15.10 6.0
5 f = 128.5 20.4 60,0 56,0 53.0 10,0 10,0
b | f k& 1246 20,5 65,0 62.0 57.0 6.0 10.0
7 f B 124.0 19,8 58,0 57.0 56,0 3.0 4.0
a2 | f = 124,10 20.0 8.0 7.0 S6.0 6.0 4.0
R f k& 130.0 25,6 62,0 60.0 60,0 3.0 6.0
10 | f B 125.0 27,2 65,0 B3.0 62,0 15.10 13.0
11 | f = 124.0 21.1 60.0 58.10 56.0 5.0 9.0
12 | f k& 124.0 21.1 9.0 57.5 57.0 10,0 12,0
13 | f = 122, 0 23,8 62,0 60,0 59.0 10,0 12,0
14 | f = 112.0 17.0 56.0 4.0 53.0 9.0 5.0
1 f k& 129.0 24.0 9.0 57.0 S56.0 14.10 11.0
16 £ e 177 E 24 & £3.N £20 £1.1M c.n c n|xl
KIS L

Puc. 2. Dnexrponnas Tabnuma cuctembl Statistica. Kaomka o0ecrieunBaeT

yhpaBieHue cToaduaMu Tabiuisl (nepeMeHHsIMu - Variables), (Cases| — ctpokamu (HaO:ro-

JIEHUSIMH ).

BrIBOJI YHCISHHBIX M TEKCTOBBLIX PE3yIbTATOB aHAJIM3a

YucneHnHble pe3yiabTaThl CTaTUCTUYECKOro aHanu3a B cucreme STATISTICA BbIBOIAT-
cs B BUJC CICUHUATBHBIX 3JEKTPOHHBIX TaOJHI], KOTOPhIE Ha3bIBAIOTCA TaOIMIIaMU BBIBOJA
pe3ynbTatoB - Scrollsheets. Tabmunpl Scrollsheet MoryT conepkaTh JI0OYI0 WH(MOPMAIIHIO
(KaK YHCJIEHHYIO, TaK M TEKCTOBYIO), OT KOPOTKOW CTPOYKM 10 MerabaiToB pe3yJIbTaToB.
OOBIYHO Jake B pe3ysibTaTe MPOCTEHIIEero CTAaTUCTUYECKOrO0 aHaju3a MbI MOJIy4YaeM Ha BBI-
xofie OoNbIIOe KOMWYECTBO YHCIEHHOW U rpaduueckoil wuHpopmarmu. B cucreme
STATISTICA »ta undopMaiusi BHIBOAUTCSA B BUJAE MOCIEIOBATENILHOCTH (O4epean) KOTopas

COCTOUT U3 Habopa Tabmui Scrollsheet u rpadmKOB.
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STATISTICA conepxut OONBIIOE KOJWYECTBO WHCTPYMEHTOB I YIOOHOTO MpO-
CMOTpa Pe3yJbTAaTOB CTATUCTHUYECKOTO aHalu3a U UX Buiyanusanuu. OHM BKIIOYAIOT B ceOs
CTaHJApTHHIC OMNEpPALMH M0 PEAAKTUPOBAHUIO TAOJHUIBI (BKJIIOYAs ONEpalnuu HaJ OJoKaMu
3HaueHudt, Drag-and-Drop - "llepemawumo u onycmumo, aBTO3aIOTHCHUE OJIOKOB U JIp.),
onepanuu yaoO0HOro MpocMoTpa (MOABUKHBIE IPAHUIIBI CTOJIOLIOB, pa3AeieHue NPOKPYTKH B
TabJIMIe U JIp.) TOCTYN K OCHOBHBIM CTaTHCTUKAaM M Ipa)uueCKUM BO3MOXKHOCTSIM CHUCTEMBI
STATISTICA. Ilpu BbIBOJE LETOrO psiia pe3yibTaToB (HampuMep, KOPPEIsSMOHHON MaTpu-
1bl) STATISTICA otmeuaeT 3HauuMble K03(dUIIMEHTHI Koppensiuuu 1BeToM. [lonb3oBaTens
TaK K€ UMEET BO3MOXKHOCTb BBIICIIUTH IPU MOMOIIU I[BETa HEOOXOAUMBIEC 3HAYCHHS B TaOIH-
ue Scrollsheet.

Ecnu monb3oBarento HEOOXOAMMO IPOBECTH JETAIbHBIM CTAaTUCTUYECKUN aHAIU3
IPOMEXYTOUHBIX PE3YyJIbTaTOB, TO MOKHO COXpaHUTh Tabnuity Scrollsheet B popmare (aiina
nauubiX STATISTICA, n nanee paboTaTh ¢ HUM, KaK C OOBIYHBIMHU JaHHBIMH.

Kpome BbIBOJIa pe3y/IbTaTOB aHaIM3a B BUJE OTAEIbHBIX OKOH C IpadukaMu U TalOiau-
namu Scrollsheet Ha pabouem npoctpaHcTBe cuctembl STATISTICA, B cucteme UMeeTcs BO3-
MOKHOCTb CO3/IaHUSI OTUYETA, B OKHO KOTOPOT'O MOXKET OBITh BBIBEJCHA BCS 3Ta MH(OPMAIHSL.
Otuer - 370 JOKyMEHT (B popMmaTte RTF) KOTOPBIM MOXKET COAepKaTh JIIOOYI0 TEKCTOBYIO MU
rpadudeckyto uHpopmanuio. B STATISTICA nmeercs BO3MOKHOCTh aBTOMAaTHYECKOTO CO3-
JMaHUs OTYeTa, TaKk Ha3plBaeMoro aBTroooTuera. [Ipu 3tom mobas tabmuna Scrollsheet wnu

rpauK MOTYT aBTOMAaTHUYECKH OBITh HAIIPABIICHBI B OTYET.

I'padmueckue BosmoxkaocTu cucrteMsl STATISTICA

Cucrema STATISTICA o6nagaeT MHUPOKUMHU TpadUUECKUMU BO3MOXKHOCTSIMHU.
STATISTICA BxitouaeT B cedst OOJIbIIOE KOJIMYECTBO Pa3HOOOpa3HBIX KAaTErOpHil M THUIIOB
rpauKoB (BKJIIOYasl HAy4YHbIE, JEJIOBbIE, TPEXMEPHBIE U IBYXMEPHbIE T'paUKH B pa3IMUHbIX
cucTeMax KOOpJHMHAT, CIIELUAIN3UPOBaHHbIE CTATUCTUYECKUE I'paUKU - THCTOTPAMMBI, MaT-
pHUYHBIE, KATETOPH30BAHHBIE TPAPUKH U JAP.).

B cucremy STATISTICA Bxnto4eHO OONBIIOE KOJUYECTBO MHCTPYMEHTOB HACTPOMKHU
BCEX KOMIIOHEHT rpadukoB. MIMeeTcss BO3MOXKHOCTh BIOOpA pa3iaMuYHBIX TUIOB JIMHUH, Gop-
MaTOB pa3MEeTKH OCEH, IIBETOB, JereH 1, Ha3BaHUN U Apyrux arpuOyToB rpaduka. Hactpoen-
HbI€ aTpUOYTHl MOTYT OBITH COXPAHEHBI B CIIELUATILHOM (aiijie ¥ MOTOM NMPUMEHATHCS K Jpy-

ruM rpadukam. J[ocTym Ko BceM OCHOBHBIM KOMaHJIaM HAaCTPOWKH peaNn30BaH MPU MOMOLIH
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KOHTEKCTHBIX MEHIO, KOTOPBIE TIOSIBIISIOTCS TIPU HAKATHH HA TIPABYIO KHOIKY MBIIIIH, OOIIIETO
MEHIO U U3 TIaHelId HUHCTPYMEHTOB Tpaduka.

I'padpuueckue cpeacrBa cucremsl STATISTICA nocTynHBl B TI0OOM CTaTUCTHYECKOM
MOJTyJIC ¥ Ha JJFOOOM Iare cTarTucTudeckoro aHaimsa. OHU MOTYT OBITh UCIIOJIE30BAHBI B IIC-
JISIX:

®  BU3YaJM3alMH YUCICHHBIX M TEKCTOBBIX 3HAYCHUI HEMOCPEICTBEHHO U3 DJICKTPOHHOM

Tabnuiel ¢ ucxoaHbIMU NaHHBIMUA STATISTICA vnwm tabnuisl Scrollsheet ¢ pe3ynbra-

TaMU aHaJIu3a;

e BBIBOJA PE3yJHTATOB CTATUCTHMUYECKOTO aHAIN3a B BHUJE MOCIEI0BATEIBHOCTH (0uepe-

1) TpadukoB. JlJis 5TOro B JUATIOTOBBIX OKHAX BCEX CTATUCTHUYECKHX MPOLEAYp UMe-

€TCS BO3MOXKHOCTh TOCTPOCHHUS PA3UYHBIX, MPEAHA3HAYEHHBIX MMEHHO JJIS JTOTO

BUJIa aHATTN3a TUTIOB I'PpaUKOB.

Busyanuzanus JaHHBIX SBISETCS BaXXHBIM ATAlOM CTaTHCTUYECKOro aHamu3a. OdeHb
Ba)XHO NMOA00paTh BHUJ rpaduKa, KOTOPHIH HAaHOOJBIIUM 00pa3oM COOTBETCTBYET MCCIIEAye-
MbIM naHHbIM. B cucremy STATISTICA BxitoueHbl yaoOHbIE MHCTPYMEHTAJIbHBIE CPEACTBA
JUISL TIPOBEJICHUSI UHTEPAKTUBHOIO Tpaduyeckoro aHaau3a AaHHbIX. [Ipu momoiu Tak Ha3bl-
BaeMoil Kucmu, BkiroueHHON B STATISTICA, BBl MOXKETE BBIACIUTH KAaKUE-THOO TOUKH Ha
NIOCTPOCHHOM rpaduke (Harpumep, BEIOPOCH 3HAYCHUH MEPEMEHHOM) U MPOBECTH JalIbHEH-
WA CTATUCTUYCCKUA aHamu3 0e3 3HAYCHHIA, KOTOPHIE COOTBETCTBYIOT 3THM TOYKaM. OJTH
TOYKH MOTYT OBITh IMOMEYEHbI CIeHUaTbHBIM 00pa30M, UM MOKET ObITh IMPHUCBOEHA METKA.
YucneHHble 3HAYEHUS, COOTBETCTBYIOIIME BBICIEHHBIM TOYKaM Ha Trpaduke, MOTYT OBITh
OTMEUEHBI B CIICUATBHON 3JIEKTPOHHON TabIuIle, KOTOpas cBsi3aHa ¢ TpadUKOM H IIPOCMOT-
PEHBI B CIIeUalIbHOM Pedakmope 0aHHbIX epaduka..

I'paduueckuii nokymeHT B STATISTICA M0OXeT ObITh COXpaHEH KakK:

e Trpaduueckuii JOKYMEHT B CHeIUaIbHOM Tpaduueckom ¢dopmare CHUCTEMBI

STATISTICA (pacmupenue ¢aina *.stg), KOTOPBI MOXKET OBITh OTKPBIT TTO3KE U HC-

MOJIb30BaH B MPOILIECCE aHANU3a,

e B rpaduueckoM pacTpoBoM dopMmarte (pacmupenue daiina * bmp, * pcx).
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OcHoBHBIE maru 00pabOTKNA JaHHBIX B CUCTEME

Cratuctuueckass oOpabortka naHHbIX B cucteme STATISTICA OOBIMHO COCTOHMT W3
CJIEAYIOUIMX OCHOBHBIX ILIArOB:

® BBOJ UCXOIHBIX JAaHHBIX B AJEKTPOHHYIO Ta0auIyy cuctembl STATISTICA;

e MpeABapuUTENbHBIE MPEOOPa30BaHUs JAHHBIX TMEpe]l HEMOCPEACTBEHHBIM MPUMEHEHU-
€M KOHKPETHOI'0 CTaTUCTUYECKOT0 METO/Ia;

L] BI/I3yaJ'II/ISaHI/I$I JaHHBIX HpI/I IIOMOIIIN TOI'O UJINU UHOT' O THUIIA Fpa(i)I/IKOB;

® CTaTHUCTHUYECKUU aHAIU3 MPHU TTOMOIIY HEKOTOPOTO CTATUCTUYECKOTO METO/A;

® BBIBOJ UYMCJICHHBIX, TEKCTOBBIX M TpadHUuecKuX pe3yJbTaToOB, Kak Ha pabodee mpo-
CTPaHCTBO CHCTEMBI, TaK U B (hailil ¢ OTUETOM;

® aHaIM3 PE3yJIbTATOB.

CraTucTuueckKue npoueaypbl

Cratuctuueckue npouenypsl cucteMbl STATISTICA crpynnupoBaHbl B HECKOJIBKHX
CHELMAIU3UPOBAHHBIX CTaTUCTUYECKUX MOAYJsX (puc. 3). B kaxkaom mofayse Bbl MOXeTe
BBITIOJIHUTH OIPENIeNIeHHbIN crtocod 00paboTku, He oOpamasch K MpoLeaypaM M3 ApPYTUX
MOy JIEH.

STATISTICA Module Switcher x|

Dezcriptive statiztics,

Basic Statistics

i;:;ﬁ[L Monparametrics/Distrib.
ANDVA/MANOVA

# Multiple Regreszion

@ Monlinear Estimation
M Time Series/Forecasting
%J' Cluster Analysis
EEiEipata M anagement/MFM

_ Factor Analysis

Switch To

StatsaFt
L L] ]

=

break down tables,
frequency tables,
crozztabulations [with
banners, multiple
rezponze tablez], reports;
comelationg, reqressions;
t-tests; differences
between vanances, r's,
proportiong; probabili
calculatars; . ;

Alzo, Quick Bazic Stats
are available from all
toalbars;

Cuszstomize hst. .. |

End & Switch To

Cancel |

Puc. 3. IlepexnroyaTens MOIyJIel cucTeMbl Statistica.

Moayabs OCHOBHEIC CTATUCTHKH U TaOIHUIIBI

Ecnu BBI XOTHTE MTPOBECTH MPEABAPUTEIBHYIO0 00pabOTKY JaHHBIX, OCYIIECTBUTH pa3-

BC,Z[O‘IHBII\/'I AHAJIN3, ONPEACIUTh 3aBUCUMOCTH MCXKIY HUMU, p336I/ITB HX pa3JInYHBIMHU CIIOCO-
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06aMu Ha TPYNIIBI, IPOCMOTPETH 3TH T'PYMIIBI BU3YaTbHO U ONPEACTUTH B3aMMOCBSI3H MEKIY
JAHHBIMM, 3aITyCTUTE MOAYJb Basic Statistics - OcHoBHbIe cTaTHCcTUKU (puc. 4). OObIUHO ¢

3TOTO MOJYJIS HAaUWHAeTCs paboTa B CUCTEME.

Baszic Statistics and Tables EHEd

® | Descrniptive statistics

ﬁ Correlation matrices
Cancel

E¥Z t-test for independent samples
E“’:;l t-test for dependent zamples
== Breakdown & one-way ANOVA
:HH Frequency tables

% Tables and banners —
Eﬁh Probability calculator [~ Open Data |

- SILECT
[(F#h Other significance tests W gl o ﬂl

Puc. 4. CraproBas nanens moayiis Basic Statistic and Tables (OcHoBHbIE cTaTUCTH-

KM M TaOJIUIIBI).

OTOT CTaTUCTUYECKHH MOJyJIb BKJIHOYAET B ce0sl MPUBEICHHBIC HUXKE IPYNIbI CTATH-
CTMUYECKHUX IPOLETYP.

OnucarejibHbIe CTATUCTHKH, TPYNIIUPOBKH, pa3BenouHblil ananus. STATISTICA
npelaraeT MHUPOKUN BBIOOP METOJOB pa3BEAOYHOI0 CTaTUCTHYECKOoro aHaimsa. Cucrema
MOYKET BBIYMCIMTH NMPAKTUUECKU BCE ONUCATEIbHBIC CTATUCTHKH, BKJIIOYAs MEAMaHY, MOy,
KBAapTUJIM, OIpEJICIEHHbIE MOJIb30BaTeNIeM MPOLEHTUIIN, CPEAHUE M CTaHJapTHBIE OTKJIOHE-
HUSI, IOBEPUTEIIbHBIE HHTEPBAIBI I CpeJHEro, K03 PUIMeHThI acuMMeTpHH, FKcIiecca (¢ ux
CTaHJAapPTHBIMU OIIMOKAMM), a TAK)KE MHOTHE JPYIrHe ONucaTeNbHble CTaTUCTUKU. [IpakTuue-
CKM BCE OIUCATENbHbIE CTATUCTUKU MOTYT OBITh BBIYMCIICHBI JUISl JAaHHBIX, Pa3/IElE€HHBIX HA
IPYMIbI C TOMOIBIO OJHOM MIIM HECKOJBKUX TPYIIHUPYIOIUX epeMeHHbIx. Hanpumep, Bce-
IO HECKOJIBKO HIETYKOB MBIIIH MO3BOJISIOT pa3OUTh NaHHbIE HA rpymnmbl, Hanpumep, [10J] u
BO3PACT 1 mocMoTpeTh KaTeropu3OBaHHbIE TUCTOrPAaMMBI Ha Tpaduke, a Takxke rpaduku
3HA4YEeHUH, MaTPUYHbIE U MHOTHE JPYTUe TUIIBI TPAHUKOB.

Koppeasimuu. OTOT pa3fen BKIIOYACT CPENCTBA, MO3BOJSAIOLIMX HCCIENOBATh 3aBU-
CUMOCTH MEXJy NEepPEeMEHHBIMU C HCIOJb30BaHHEM Ko3(dduuumenra koppensuuu [lupcona.
CriennanbHble rpaduueckue BO3MOXKHOCTHU IO3BOJISIIOT BBHIOpATh OTACIbHBIC TOYKU Ha JUa-

rpaMMe paccesiHUs U OLIEHUTh MX BKJIaJ B PETPECCUOHHYIO KPUBYIO WJIN JIIOOYIO IPYTYIO KpU-
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BYI0, TIOJJOTHAHHYIO K JIAHHBIM. BBIYMCIIEHHBIC KOPPEISIIMOHHBIC MATPHUIIBI BEIBOJISATCS B BUJIC
AMeKTpOHHBIX Tabmuil Scrollsheet.

t - KpUTEPHHU U IPYrue KPUTEPHH VI TPYNNOBBIX PA3JIHYHUI.

Moayias MHBOXKECTBEHHAS peErpeccus

Ecnu BeI XOTUTE TOCTPOUTH 3aBUCUMOCTH MEXKAY MHOTOMEPHBIMH IIEPEMEHHBIMU, I10-
no0paTh MPOCTYIO JTMHEWHYIO MOJIETh U OIEHUTH €€ aJIeKBATHOCTH, BOCIIOJIb3YUTECh MOTyJIEM

- Multiple Regression - MHOXecTBEHHasI perpeccusi.

Monayap JIncrnepcHOHHOI0 aHaJIn3a.

Ecnu Bam u3BecTHBI (haKTOPBI, KOTOPBIE BO3ACHCTBYIOT HA H3MEpsieMble BAMH JaHHBIE,
1 BBI XOTUTC OLHCHUTH CTCIICHBb O3TOI'O BO3ILGI>'ICTBHH, IMOHATH CYHICCTBECHHO OHO WJIM HCT, BbI-
o6epure Moy ANOVA. Moayne nipenctaBisieTr coooii Habop mporeayp o01mero oaHoMep-

HOI'0O 1 MHOTOMCEPHOI'O JUCIICPCUOHHOI'O aHAJIM3a.

Monayae HenapameTpudeckoil CTATUCTUKHU U NOATOHKHU paclIpeaeIeHUN

Ecnu BBl XOTUTE MPOBEPUTH pa3NUYHbIE TUIOTE3Bl O XapaKTepe paclpeaesieHus: Ba-
IUX JaHHBIX, padoraiite B Moxyne Nonparametrics/Distribution - Hemapamerpuueckas cra-
tuctuka/Pactipenenenus. Moaynb cofepKuT oOMMpHBIA HAOOp HEapaMeTPUIeCKUX KpUTe-
pHUeB coryacusi, B 4aCTHOCTH, Kputepuili Konmoroposa-CMupHOBa, paHToOBbIE KpuTepuu MaHn-

Ha-YUTHHU, BUIIKOKCOHA U MHOTHE JIpyTHE.
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EEl Nonparametric Statistics 7| x|

BEFH
&+ Monparamehic stats " Diztribution fitting OK |

) - Cancel |
Honparametric Statiztics:

B 2 & 2 Tables X1/¥1/Phil. McMemar, Fisher exact = Select the desired

. nonparametric
}{ Obzerved versus expected Xl Rl i

Correlations [Spearman, Kendall tau, gamma)
Wald-Wolfowitz runs test

Mann-Whitney U test

H

i

Kolmogorov-5Smirnoy two-zample test
Kruskal-'Walhis ANOYA, median test
3| Sign test

i [

T
[H]

;H:j Wilcoxon matched pairs test
: Friedman ANOYA & Kendall's concordance
ii Cochran @ test [= Open Data |

SELECT
CASES El o !l

Puc. 5. CraproBas nmanenr moayss Nonparametric Statistics (Hemapamerpuueckas

CTaTUCTHUKA).

CraTucThueckue MpoLeaypbl MOAYJS IO3BOJISIIOT IOJIB30BATENI0 JIETKO CPaBHUTH
pacnpeneneHrne HaOI0JaeMbIX BEIMYMH C OOJBIIMM KOJIMUYECTBOM Pa3IMYHBIX TEOpeTHYe-
CKHX pacrpeesieHnil. Bl MOXkeTe MoAorHaTh K JaHHBIM HOPMaJlbHOE, pABHOMEPHOE, JTUHEH-
HOE, SKCIIOHEHIalbHOe, OMHOMHUANIbHOE, [lyaccOHOBCKOE, TEOMETPHUECKOE pacIpeesieHus,
pacnpenenenne bepHymin. TOYHOCTh MOATOHKM OLIEHHWBAETCS C IOMOILBIO KPUTEPUS XH-
KBaJIpaT WM OJHOBBIOOpouHOrOo Kputepus Kommoropoa-CMupHOBa (mapameTpsl MOATOHKU
MOTYT KOHTPOJHPOBATHCS). JIOMONHUTENBHO MOATOHKA THIOTETHYECKOTO paclpeaeNeHus K
HMIIUPHUUECKOMY MOXKET OBITh OICHEHA B MOJb30BATEIbCKHX THCTOrpaMMax (CTaHAapTHBIX
WA KyMYJISTHBHBIX) C HAIO)KCHHEM HA HUX BBIOPAHHBIX (DYHKIWI; THHEHHBIC U CTOJIOYATHIE
rpaduku 0XUAaeMbIX U HAOMIOJAEMBIX YaCTOT MOTYT OBITh MOJTY4YEHBI HEMOCPEACTBEHHO W3
TaONUIBI C BBIXOAHBIMH HaHHBIMU. OmpeneneHHble MOob30BaTeNeM (YHKIMH OT OAHOW U

JIBYX TEPEMEHHBIX TAKXKe JIETKO MOTYT OBITh TIOCTPOCHBI U HAJIOKEHBI Ha IpadUKy.
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1.3. SA3bIk nporpamMmmupoBanus belcuk.

Beiicuk (Basic) siBnsieTcss mMpOCTHIM M yAOOHBIM SI3BIKOM MPOTPAMMHPOBAHUS, KOTO-
pBIi TIperoaeTcst BO MHOTHX MIKOJax B Kypce "MHpopmaruka", Ha OHoorndeckux (axyib-
TETaxX POCCUICKUX M 3apyOeXHBIX By30B. Ha 3TOM s3bIke HamucaHo OOJBIIOE KOJUYECTBO
nporpaMm B o6iacTu OMoJoruu M sKojoruu. Hacrosiumii pasnen nocssuieH onucanuio beii-
CHKa TOJIbKO B TOM 00beMe, KOTOPBIA HEOOXOUM AJIsi paboThl ¢ MaTEMaTUYECKUMU MOJETIS-
MU OHMOJIOTHYECKUX U SKOJIOTUYECKUX CUCTEM.

Belicuk mmeeT MHOTO pa3inMYHBIX BepcHid U Moau¢pukamuii. Huke npuBoguTcs omnm-
canue oOomOeHHON BepcuM sl uHTEeprpeTaTtopoB (aBasic, GW Basic) u koMnuisaTopos

("Turbo Basic", "Power Basic").

KommMmeHnTapuu

Crpoka, HauMHaroascsa co ciry>ke6Horo cioBa REM - 3To koMMeHTapuii, He OKa3bl-
BAIOIIMK HUKAKOTO BIUSHHUS Ha paboTy mporpammsbl. [lo mpaBuiam beiicuka mocne cimosa

REM B cTpoke MOXKHO NHCaTh BCE, YTO YTOAHO.

Yucna

UucnoBble KOHCTAHTBI WK MPOCTO YMCIia UMEIOT B belicuke BUA BecbMa ONM3KUN K
0OBIYHOMY. 3HAKH JECATUYHON TPOOM OTICISIFOTCSA OT IEJIOW YacTH HE 3amsiTOM, a TOYKOM.
Odenp OonplKe WM OYeHb MaJeHbKUE YMCIIa 3alichiBaloTcs B belicuke B SKCIIOHEHIHAb-

HOU (opme, Harpumep:

0.0000025......... 2.5E-06
455890000......... 4.5589E08

JIBy3HauHoe uucio nociie cumBoia "E" o3Hadaer, B Kakylo CTENEHb HAJ0 BO3BECTU
gucio 10, 9To0bI MTOMHOXHUB HA TO, YTO HAXOAUTCS Tiepea cumMBosioM "E'", momydnTh HyKHYIO
BEJIMUMHY .

Lenbie yncna 3akaHUUBAIOTCA CUMBOJIOM "%'", UTO K MpOILIEHTaM HE UMEET HUKAKOIO

OoTHoIeHus. [lnana3oH u3MeHeHus HebiX ynucen ot -32768% no0 32768%. [IpumeHsTh 1enbie
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Yyucia ClIeIyeT TOJIBKO TOT/A, KOT/a BEJIMYMHA JEHCTBUTEIHLHO HE MOXKET MUMETh NPOOHOMU

YaCTH, HAIIpUMEP YUCIIO ITO3BOHKOB Y pH6 HJIN KAJICHAAPHOC YUCJIO JaHHOTI'0 MECALa.

ITepemeHHbIE

[TepemenHoOl Ha3bIBAaeTCS BEJIMYMHA, KOTOpas MOXKET NMPUHUMATh Pa3UYHbIC YHCIIO-
Bble 3HaYeHHs. HanmpuMep 4uClieHHOCTh phIO B TaHHOM BOJOEME MIJIM KOHIICHTpAIUs PacTBO-
PEHHOTO KHCIIOpOJa, BeIpaKeHHas B Mr/i. MneHtudukarop, T.e. Ha3BaHUE NIEPEMEHHOM, MO-
KET MPEACTABIATH COOOM HECKOIBKO OYKB U IHPP:
N..... YUCJICHHOCTh 0COOCH B MOIMYJISIINH,

WEIGHT ........ CpenHsis Macca 0coOu.

Ecmm NEpEMCHHAsA MOXKXCET MPHUHKUMATh 3HAYCHUSA TOJIBKO B BUJC LCJIBIX YUCEII, TO I1O-

CJie CHMBOJIOB UACHTU(UKATOpPa MOKHO OCTaBUTH "%'", HanpuMmep:

CrnenyeTr noMHUTB, uTO Y U Y% - 3TO pa3Hble UICHTHUPHUKATOPHI.

MaccuBbl

B 6uonorum u 5K0J0TMU OYEHb YaCcTO HAa3BaHHUIO OJAHON BEJIMYMHBI COOTBETCTBYET HE
OJIHO YHCJIO, @& HECKOJBKO YHCEN, PACIOJIOKEHHBIX B OINpeAeleHHOM mnopsake. Hampumep,
YHUCJIEHHOCTb TOIYJIALIMU, COCTOSLIEN M3 TPEX BO3PACTHBIX I'PYIN - 3TO 3 YHUCIa, Paclojo-
KEHHBIX OJTHO 3a JpyruM. B mH(oOpMaTHKe Takue BEeIMYMHBI HAa3bIBAIOT MaccuBamu. Kpome
uaeHTU(UKATOpa - Ha3BaHMsI TaHHOM BEJIMYMHBI - MACCUB XapaKTEPU3YETCs €IlIe U pa3MepoM.
[lox pa3smepoM MOHUMAaETCA MPEACIbHOE KOJIWYECTBO YHCEN, KOTOPOE MOXKET COIAEPKATh
MaccCHB.

B otnuune ot nepeMeHHON MaccUBbI TPeOYIOT MPEIBAPUTENIHHOTO OUCAHUSI. JTO 03-
HAYaeT, 4To JI0 JIIOOBIX AEHCTBHI ¢ MacCMBaMU BBIUMCIUTEIBLHOM MalIMHE CIEAYET COOOIIUTh
0 pa3Mepax HCIOJIb3yEMbIX MAacCUBOB. Jlenaercs 3TO mpHu MOMOILHY CHEUAIbHOTO oneparopa

OIIHuCaHu, KOTOprﬁ HUMECT BUA:

DIM N(3)
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3neck DIM - ciyxebHoe ciioBo (dimension - pa3MepHOCTh), Y - WAeHTU(UKATOP Mac-
CHUBA, a 3 - YHCIIO 3JIEMEHTOB MacCHBa.

Jyis oOparmieHust K 3JIeMEHTYy MacCHBa HAJ0 yKaszaTh €ro HHIEKC, T.€. TOPSAKOBBIN HO-
mep. Hanmpumep, N(3) - 4MCI€HHOCTh TPEXTO10BUKOB.

HNHnekc MokeT OBITh HE TONBKO 4YuCiIOoM, HO U nepeMeHHol, Hanpumep N(I). Ilepe-
MeHHas | B 3ToM citydae momkHa ObITh 1enbIM yucioM. Ecnu nepemennas [ umeer npoOHyro
4acTh, TO OHA MPOCTO OTOPACHIBACTCH.

B Tom ciydae, xorja 3Ha4eHHE WHACKCA BBIXOJIUT 3a MPEENbl ONMUCAHUS (HApUMEp
N5(100) wim N(-2) B paccMaTpruBaeMOM ClTydae), TO BBIIACTCS COOOIIeHHE 00 OmmoKe.

Bo3MmoxHO onucanue IByMEpHBIX MaCCHUBOB, B KOTOPBIX AJIEMEHT OIpeaesseTcs IBY-
Msi uHAeKkcamu. OmucaHue mMaccuBa BCETJa JOJDKHO MPENIIecTBOBATh OOpAIICHHIO K KOH-

KPETHOMY 3JIEMEHTY.

ADI/IdZ)MeTI/ILIeCKI/Ie BBIPpAXKCHUA

Apudmernueckue BbIpa)KEHUs] COCTABIISAIOTCS U3 IEPEMEHHBIX M 3HAKOB aprU(MeTHnde-
CKUX JCUCTBHI: CIOXeHUs (+), BBIYUTAHUSA (-), yMHOXKeHHA (*), nenenus (/) u BO3BeIEeHUS B

crernienb (V). Hampumep BerunciaeHne 6momMacchl 0opopMIIIeTCs Kak:

N*W1,

rae N - yucinernHocts, a W1 - cpenssisi macca ocoowu.

CkoOku umeroT B beiicuke cBOI OOBIYHBINA CMBICH, T.€. BBIPAKEHHs, CTOSIIUE BHYTPU
CKOOOK BBITMOJIHAIOTCS paHbllle BCEX OCTAIbHBIX. [Ipu OTCYTCTBMM CKOOOK CHayasia BBIIOJ-
HSIOTCS OIIEpalliy BO3BEACHUS B CTEIIEHB, 3aTEM YMHOKCHHME W JIEJICHUE, a CIOKECHHUE U BbI-
YUTAHHE B MTOCIEIHIOIO0 OYEPEIb.

3HaK MHHYC, CTOSAIIMHA Tepea OJUHOYHOM mnepemeHHOM (Hampumep -W1), umeer
CMBICJI TIEPEMEHBI 3HaKa YMClia Ha 00paTHBIN, OJJHAKO HAITMCAHUE MOJPA] ABYX 3HAKOB apH -
METHYECKHUX JIeHCTBHA Ha belicuke He NOIMyCcKaeTcs U MPUXOIUTCS TOJIh30BATHCS CKOOKaMH,

Harpumep:

A*(-W1)
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OnepaTop OpUCBAUBAHUS

IlepBoHauanbHOE 3HaueHUE BCceX NepeMeHHbIX B belicuke paBHO Hymo. Oneparop
IpUCBaUBaHMSI CIYXKUT JUIsl IPUAAHNS IEPEMEHHON HOBOTO YMCIIOBOTO 3HAUY€HHUS. DTOT OIle-
paTop COCTOWT M3 TMIEPEMEHHOM, 3HaKa PaBEHCTBA (=) W YKCIIa WIH apu(PMETHIECKOTO BhIpa-

xenus. Hanpumep:
A=752.2 B=N*W1 K=Q1*((T-20)/10)
OOparM BHHMaHHE Ha TOCIETHUN OmMEpaTrop. ITO HU YTO MHOE, KaK BBIYHCIICHHE

TEeMIIepaTypPHOM MONPaBKU K MHTEHCUBHOCTH JIbIXaHUs I'MJIPOOMOHTOB, onpeaeaeHHoH npu 20

rpagycax. T - neiictBuTenbHas remmnepatypa cpensl, Q1 - koapdumueHt Q.

Pa6oTta B HCTIOCPCACTBCHHOM PCKHNMCE

Haunwure ¢ camoro npocroro, Haripumep, HabepuTe

A=2+3 : PRINT A

nociie yero HaxxkMmure kinasuiry ENTER. Ha skpane noimkHO nosiBUThCs yucio 5. J[Boerouune
O3Ha4aeT paszesieHue onepatoposn, a oneparop PRINT obecnieunBaeT BHIBOJ HAa AUCIUICH Te-
KYILIEr0 3Ha4eHUs TOM [IEPEMEHHOM, KOTOpas cTOUT 3a cioBoM PRINT.

BbIuncnuM UHTEHCUBHOCTD JIbIXaHHS PHIOBI, BBIPAXKEHHOTO B MJI KUCJIOPO/ia B 4ac MpU

CTaHJIapTHBIX ycinoBuax. Macca peiosr 1000 r.

W=1000 : Q=0.498*W"0.79 : PRINT Q

[Tocne naxarus knaBum ENTER Ha skpane nomkHo nossutbes 116.7426
PaboTta B HEMOCpPEJACTBEHHOM peXuME, M0 CYyIIeCTBY, mpeBpamaer 9BM B MUKpo-
KaJbKYyJSTOpP, IPU 3TOM MOXKET UCIOIB30BaThCS TOJIBKO OJHA cTpoka nuctuies. COOCTBEHHO

MMO3TOMY U NPUXOAUTC Pa3ACIATh OICPATOPLI IBOCTOUYUCM.
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IIporpaMMHBII pEXKUM

B ominune oT HENOCPEACTBEHHOIO peXuMa B IIPOrPaMMHOM PEXUME CTPOKU MOTYT
HYMEpPOBAThCS LENBIMH YHCIAaMH B TIOPSIIKE BO3pACTaHHS (XOTS MOKHO OOOWTHCH M Oe3 HO-
mepoB). [IpakTuyeckn Hymepanus BeneTcs yuciaaMu kKpatHeiMu 10 11 Toro, yToOsl oOer-
YUThH JaJbHEUIIEE UCIIPABICHUE IPOTPAMMBI.

3anyck nporpamMmmsl OCyILECTBIsIeTCs HaxkatueM kiasuiu F9. IIpu aToM npoucxonut
YTEHUE U KOMIWIALMSA TEKCTa NPOTrpaMMbl ITOCTPOYHO. Eciau CTpOKM IIPOHYMEpPOBaHBI, TO
BBITOJIHSIOTCS. ONEPAaTOpPhl TOW CTPOKH, KOTOpasi UMEET MUHUMaJIbHbIM HoMep. Cneayromeit
BBINOJIHAETCS CTPOKA C OJIMKAWIIMM HOMEPOM B MOPSAJIKE BO3PACTAHUSA U T.J.

[TopsimoK BBIMONHEHUS! CTPOK MOXKET M3MEHAThCS crienuanbHbIMu oneparopamu (GO
TO, FOR...NEXT, RETURN u apyrumu), 0 KOTOpBIX OyIeT CKa3aHO HHUXKeE.

B xoHue nporpammel 00b19HO noMematoT oneparop END, koTopoMy npucBanBaercs

HanOOJIBITNK HOMEDP CTPOKHU.

Y c10BHEBIN OlIEpATOP

VYCcnoBHBIA omepaTop MPENCTaBIsIeT COO0W KOHCTPYKIIMIO, COCTOSIIY0 u3 ciioBa IF,
ycioBHOTO BhIpakeHus, ciaoBa THEN, 3a koTopbIM clieqyeT Wil onepaTtop MpUCBAaUBaHUS
WM HOMEpP CTPOKH, K KOTOPOM CJIeAyeT NEPEUTH B CIly4yae BBIIIOIHEHUS YCIOBHOI'O BBIpa)e-
HUA.

[Ton yclOBHBIM BbIpaX€HHEM IOHHMMAETCSl TaKOe€ BbIpaKEHHE, KOTOPOE MpPHU OJHHUX
3HAUEHUSX BXOJAIIMX B HETO MEPEMEHHBIX MOXKET BBIMONHATHCA (ObITh UCTUHHBIM), a TMpU

npyrux HeT (ObITh JOXKHBIM). Hanpumep BeIpakeHue

NI >N2
BbinosiHgercs npu N1=120 u N2=80, Ho He BbinonHsAeTcs npu N1=120 u N2=220.
B yClIOBHBIX BBIpaKEHUSAX MPUMEHSIOTCS OTHOLICHUS TOXKAECTBA (=), CUMBOJ KOTOPO-
T'O JINIIH 110 BHEIITHEMY BHJy COBIIAJA€T C TAKHM € CHMBOJIOM B OIIEpaTOpe MPUCBANBAHNUS, &
TaK k€ OTHOIICHUs OoJibie (>), MeHbIe (<), paBHO WX OoJblie (>=), paBHO WU MEHBIIIE
(<=) u He paBHO (<>). B mpaBo¥i 1 IeBOI YacTU YCIOBHOTO BBIPAKEHHSI MOTYT OBITh JIIOOBIE

apupmeTHueckue Beipaxenus. Hampumep:

I+1=J
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Takast popma coBepIIeHHO HEIOMyCTHMa JAJIsl OIepaTopa MPUCBAUBAaHUS, HO BIIOJHE
npreMiieMa B Ka4YeCTBE YCIOBHOTO BBIPAKEHUS.

[IpuBeneM npumep yciaoBHOTO OIepaTopa:

10IF L > 60 THEN Y = N*F
Ecnu nox L nonumaercst pasmep pbiObl B MM, N - UHCIEHHOCTh MOMYJIALUY, a F - 1H-
TEHCUBHOCTb NPOMBICIIA, TO MPUBEACHHBIA omnepaTop OyneT BBIMUCIAT BbUIOB (Y) TOJNBKO B
TOM ciydae, Korja paMep pbeiObl 6osbie 60 MM. DTO B KaKOH-TO Mepe UMHTUPYET JCHCTBHE
OTUEKHMBAIOIIUX OPYIHI1 JIOBA.
3amnuiieM nporpaMmy, KOTopas onpeesseT MUHUMAJIbHYIO BEIMYUHY U3 JIByX Ipe-
JOXEHHBIX. B runpobuonorun Takas CUTyalysl BOSHUKAET, HApUMep, MpH JTUMUTHPOBAHUH

npoaykiun purtorankrona (P1) azorom (N) u ¢pochopom (P), pacTBOpeHHBIMH B BOJIE.

10 INPUT N : INPUT P
20 P1=N

30 IF N> P THEN P1=P
40PRINT P1

50 END

Omneparop INPUT oGecnieunBaer BBOJI UMCIOBOTO 3HAUEHUSI COOTBETCTBYIOLIEH nepe-
MEHHOH C KJIaBHaTypbl KOMIbIOTEpPA. | 0OTOBHOCTH K BBOAY CUMBOJIU3UPYETCS MOSIBICHUEM HA
9KpaHe auciuies 3Haka "?". Cienyer HabpaTh jkelaeMoe 3HaueHHe M OTHPaBUTh €ro B orepa-

THUBHYIO IIaMATh MalIuHbl HakatueM kinasumy ENTER.

Onepatop MUKIa

Omneparop 1ukiIa o6ecrneynBaeT MOBTOPHOE BBHIMIOJHEHUE HEKOTOPOI YacTH MPOrpam-
MBI (Ha3bIBaEMOM TEJIOM IIMKJIA) 3aJaHHOE Yucio pa3. Pasbepem nelicTBue omeparopa IUKIa
Ha IpUMepe BbluMciIeHHus Onomaccsl nomyssiuu (B), coctosmieit u3 10 BO3pacTHBIX TpyIIL.
YucieHHOCTH 0co0el B BO3PACTHBIX IPYMIaxX pacrojiaraloTcs B MaccuBe N, a cpeaHue Beca

ocobeil B MaccuBe W1.

10 DIM N(10), W1(10)
20 FOR I=1 TO 10
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30 INPUT N(I)

40 INPUT W1(I)

50 B=B+W1(1)*N(I)
60 NEXT I

70 PRINT B

80 END

Onepatop, pa3MenieHHbI B cTpoke 20, Ha3bIBA€TCS 3ar0JIOBKOM LIMKJIA U COCTOUT U3
cinoBa FOR, npucBoeHus: HauaabHOro 3HaYeHUs HUKIMYeckol nepemenHoi (I=1), cmosa TO
¥ KOHEYHOTO 3HaueHus mukiandeckoil nepemenHou (10). Konen mukmna (ctpoka 60) coctout
u3 cnoBa NEXT u unentudukaropa nuxnndeckoil nepemenHoit (I). Onepatopsl, 3aKitoueH-
HbIE MEX/y 3ar0JIOBKOM IIMKJIa U €r0 KOHLIOM, COCTaBJIsIOT Teno ukia (ctpoku 30-50). Bei-
MOJIHEHUE ONEepaTOpPOB Tesla LMKJIA MOBTOPSETCS CTOJNBKO Pa3, CKOJIBKO €IMHUI] 3aKIH0UYEHO
Mexay HadanbHBIM (1) 1 KoHeuHbIM (10) 3HaYeHHEM MUKJIMYECKOW MEePEMEHHOM, BKIIOYas 1
9TH KpaiHue 3HaueHus. [Ipu KakaoM MpOXO0XACHUU Tela LUKIa nepeMeHHas | yBennunBaer
CBOE 3HAYCHUE HA CAUHUILY.

B ciyuae He0OXO0IUMOCTH M3MEHEHUS IUKIMYECKON NMEepEeMEHHON HE C IIaroM paB-
HBIM €MHHUIIE, @ C KAKUM-JTHOO0 JPYyTUM, CIeIyeT 100aBUTh B 3aroyioBOK mukia cioBo STEP ¢
MOCTEAYIONIUM yKa3aHUeM BEeIMYHHBI I1ara. HampuMmep HaxoxaeHne Npou3BEACHUS BCEX He-

qyeTHBIX uncel oT 1 1o 15 MOoKHO caenarh Tak:

J=1:FOR I=1 TO 15 STEP 2 : J=J*] : PRINT J : NEXT I

Hlar nMKIMYECKO MepeMEeHHOW MOXKET OBITh OTpULATENbHBIM, HO TOT/Aa HadalbHOE
3HAa4YCHUE JIOJDKHO OBITH 0OJIbIIE KOHEYHOTO.

HauanbHble ¥ KOHEUHBIC 3HAUEHMS LIMKIMYECKOW NMEPEMEHHOI caMu MOTyT OBITh IIe-
PEMEHHBIMU BEJIMYUMHAMU. DTO OTKPBIBAET BO3MOXHOCTH OOPaOOTKH IOCIEI0BATEIBLHOCTH
yHcell, IJIMHa KOTOPOH 3apaHee He U3BECTHA.

Oneparopbl IUKIa MOKHO BKJIAJbIBaTh OAWH B JPYroi, HapUMEp i1 BBIYUCIICHUS
2JIEMEHTOB JABYMEPHBIX MaccuBOB. He0OX0aMMO TONBKO CIEAUTh, YTOOBI IPAHULIBI IIUKIIOB HE

MEPECCKAIUCh.
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Ornepatop 6€3yCI0BHOIO MepPexo/1a

Ilepenaua ympaBneHus Ha J00YI0 (€CTECTBEHHO PEalTbHO CYIIECTBYIOILIYIO) CTPOKY
IPOTPaMMBI OCYIIECTBIIICTCSI OTIEPATOPOM OE€3yCIOBHOTO MEPEX0ia, KOTOPBIA COCTOUT W3
cioB GOTO wu cienyromero 3a HAIMA HOMEpPa CTPOKU WM Ha3BaHUSI METKHU, KyJa MepeaaeTcs
ynpasinenue. Hanpumep BbiOop ko3 duinmenta ycsoenus numu (U) st xumHUKoB (J=1)

WM TPABOAIHBIX (J=2) MOKHO OCYIIIECTBUTH TaK:

10 IF J=1 THEN 40
20 U=0.65

30 GOTO 50

40 U=0.8

50 A=U*C

B stom ¢dparmente mporpammel npu J=1 monyuaercs 3HaueHHe KOdpUIMEHTa yC-
BoeHwust 0.8, a mpu J=2 (wm 6omnbie) U=0.65, T.x. ycIoBHOE BhIpakeHUe B orepaTope 10 He
BhITIONIHSAETCS U cpabaThiBaeT omeparop GOTO 50. Oneparop Ha crpoke 40 mpu 3TOM OKa-

JKETCI 000N IEHHBIM.

DyHKIMU

B beiicuke numeercs 1eiblid psii BCTPOSHHBIX MaTEMaTHYSCKUX (PYHKIIUN, oOpalieHune
K KOTOPBIM He TpeOyeT KaKuX-IHOO MpeABapUTENbHBIX OMHCAHWN. PacCMOTPUM TONBKO Te
(GyHKIMHU, KOTOpBIE OyAyT UCHOIB30BAHBI B JAbHEHIIIEM U3JI0KECHHH.

ABS(X) - abcontoTHas BeIMUMHA MEPEMEHHON WM BBIpaKEHUS X, 3aKIIOUYEHHOTO B
ckoOku. Ecmn X<0 , To 3HaK MUHYC mepe; X IPOCTO 0TOpackiBaeTCs.

INT(X) - menast yacTh yMcliIa WK pe3yJbTaTa BBIYUCICHUS apu(pMETHIECKOTO BbIpa-
XKeHUs X, UHBIMHU CIIOBaMH OT X OTOpachIBaeTcs ApoOHas 4yacTb.

SQR(X) - kBagpatublii kopeHb u3 X. EXP(X) - skcnoHeHuumanbHas (yHKUUS.
LOG(X) u LOG10(X) - HaTypanbHBIA U JECATUIHBINA JTOTapU(MBI.

DKCTOHEHIMaIbHAsg (YHKIUS HMCKIIOUUTENIBHO YaCTO HUCHOJB3yeTCsl B OHOJOTHH U
sKoJioruy. Hampumep 4nciieHHOCTh OKOJIEHUs pbIO B 3aBUcUMOCTH OT Bo3pacta (T) u koad-
¢unmenTta oomei cMepTHOCTH (M) MOXHO BBIYUCIIUTH MPU MTOMOIIH ONlepaTopa:

N = NO*EXP(M*T)
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RND - ¢yHKIMs1 BBIpaOOTKH TICEBIOCTYYalHOTO YKCiIa, PABHOMEPHO pacIpeiesieHHO-
ro B nuamnaszoHe ot 0 go 1. Dta QyHKUMS HCTIONB3yeTCs, TJIABHBIM 00pa3oM, JUIsi UMHUTALUN
ciydaiiHbIX coObITHH W BenmuuuH. Hampumep, rubens ocobu c¢ BepositHocthio 0.1 (W=I1 -

0co0b cymiectByet, W=0 - 0coOb HE CYIIECTBYET) MOXHO MPECTABUTH B BUE ONEpaTOpa:

IF RND <0.1 THEN W =0

[omyuyuth TaOMUILy LENBIX CIyYalHBIX YUCEN, PABHOMEPHO pacHpeAeieHHbIX B JHa-

na3zone ot 1 7o 10 MokHO, HapUMep, Tak:

FOR I=1 TO 20 : PRINT 1+INT(RND*10) : NEXT I

JInst mosydeHust Cily4aiiHOW BEJIMYMHBI C PACHpeAeIICHUEM MOX0KUM Ha HOPMaJIbHOE
U C MaTeMAaTUYECKUM OXKMJAHUEM PABHBIM HYJIIO MOYKHO CJIOXKHMTh HECKOJIBKO PaBHOMEPHO

pacnpeaciiCHHbIX U HE3aBUCUMBIX CHy‘l&fIHLIX BCJIMYHMH, HAIIPUMEDP:

FOR I=1 TO 20 : PRINT (RND+RND+RND+RND)-2 : NEXT I

Crenyer MOMHHUTB, UTO TPU KaXJI0M Ipoxoje mporpammsl, GyHkuus RND Oyner BbI-
JlaBaTh OJIHY U TY € IMOCJIEA0BATEIbHOCTh 3HAUECHHH - 3TO YZ00HO IpH OTIaKe MPOTPaMMBI,
HO COBEpILEHHO HEIONMYCTUMO IPU HCIOJIb30BAHWU METO/la CTATUCTHMUYECKUX HUCIBITAaHUI
(meTonma MonTe-Kapmo). UtoOsr ¢ynkmuss RND naBana kaxaplii pa3 HEMOBTOPSIONIUECS 3Ha-
YEeHMs1, HaJI0 B Ha4aJle IporpaMmel nocrasuth oneparop RANDOMIZE.

[Tpu HE0OXOAMMOCTH BBEACHUS B MPOrpaMMe HOBBIX (YHKLHMH, UX CIEIyeT HpeaBa-
puTensHO onucath. HampuMep TemmnepaTypHyro monpasky ¢ koadduuueHTom Qp=2.3 MOX-

HO opopmuTth B Buze Gpynkuu FNK(X). Onucanue 3Toit pyHKIIMN Oy1€T UMETh BHI:

DEF FNK(X)=2.3/((X-20)/10)

DT0 onMcaHHe JOHKHO CTOSTh B Hayalle MpOrpaMMBbL, a B CaMOM MporpaMMe orpeje-

JeHue TpaT Ha oOMeH (R) MOXKHO BBIYMCIIUTG P MIOMOLIM OllepaTopa:

R = A*W0.75*FNK(T)
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rae A - koapdurment, W - macca Tena )kuBoTHOTO U T - TeMreparypa.

BBoJ1 1 BEIBOJ

[Ipocreitmee ucnons3oBanue oneparopoB INPUT u PRINT yxe Obl10 paccMOTpeHO
BbIe. /171 BBoa OONBIIOTO KOJTMYECTBA YUCIOBBIX KOHCTAHT PAIlMOHATBHO BOCIIOJIB30BATh-
cs oneparopamu READ u DATA.

HeiictBue oneparopa READ ananornuno neiicteuto oneparopa INPUT c¢ toit numb
pa3HULIEH, YTO BBOAMMBIE YHUCIA JOJDKHBI OBITh 3apaHee pa3MeIlEHbl B OTAENIBbHON CTPOKE,
HaumHaromeics cioBom DATA. Hanpumep BBOJ mociaeaoBaTeIbHOCTH Macc 0co0el peid OT

CCTOJICTOK OO0 BO3pPACTa 3+ MoxkeT BBITVIAACTD TAK:

10 DATA 2,8,12,16
20 READ W1,W2,W3,W4

HpI/I 3alI0JJHCHUHM MaCCHBa HGHCCOO6p33HO HCIIOJIb30BATh OIICPATOP HUKIIA:

10 DIM W(4)
20 DATA 2,8,12,16
30 FOR I=1 TO 4 : READ W(I) : NEXT I

Omnepatop BbIBOAa mHpopManuu Ha 3kpaH auciuiess (PRINT) moxker comepkath He
OJTHY TIEPEMEHHY0, 8 HECKOJIbKO. ECiii nepeMeHHbIe pa3/iesieHbl 3aMaTo, TO 3HAUCHHS TTepe-
MEHHBIX paclioyiaratoTcsi B 30Hax 1o 14 cumBoinoB. Eciu nepemeHHbIe pa3aeneHbl TOUKON ¢

3ansAToM (), TO UX 3HAYEHHUS BBIBOJSATCA IPYT 32 JPYTOM C MPOMEKYTKOM B OJIMH TTpoOer.

CTpOKOBEBIC IIEpEMCHHEIC

Kpome umucen beiicuk MOXET onepupoBaTh C MOCIEAOBATEIBHOCTAMM JATUHCKUX U
pycckux OyKB, a TaKXKe CIEIHaTbHBIX CUMBOJIOB (# $ & % =+ 7! @ \ * / <>). Takue nocie-
JOBATEITbHOCTH HA3bIBAIOTCS CTPOKOBBIMU MEPEMEHHBIMU HIIM TIPOCTO CTPOKAMHU.

CTpokoBBIE TIEpEMEHHbIE IIUPOKO HUCHOJB3YIOTCSA MpU 00paboTKe TEKCTOBOM MHMOP-
Malliu, co3/lannu 0a3 JaHHBIX U 0(DOPMIICHHH PE3yJIbTaTOB pacueToB. Hampumep npu padote

CO CIIMCKaMHu BHIOB LICJ'ICCOO6p33HO Ha BBOJC€ W Ha BBIBOAC OICPUPOBATH C IPHBBIYHBIMU
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OuoJsioraM JaTHHCKUMH Ha3BaHUSAMU KUBOTHBIX M PACTEHUH, 4TOOBI N30€XaTh TPYAOEMKON U
YpeBaTON MHOI'MMHU OUIMOKaMU pyYHOH KOJUPOBKH.
CTpOKOBbBIE KOHCTAHThI YK€ HCIIOJIb30BATIUCH MpU paccMoTpeHuu omneparopa PRINT.

HaHOMHI/IM, 4TO CTPOKOBAsA KOHCTAHTA 00s13aTeNIBHO 3aKJII0YACTCS B KaBBIYKH, HAIIPUMCEP:

PRINT "Perca fluviatilis L."

WnenTnukaTophl CTPOKOBBIX MIEPEMEHHBIX JIOJDKHBI 3aKaHYNBATHCS CHMBOJIOM $, KO-
TOPBI B HEKOTOPBIX MHCTPYKLHUSAX HMEHYyeTcs "3HaKoM JeHexkHo emuHuibl”. IlpuBenem

IIPUMEPHI ONIEPATOPOB MPUCBOCHUS CTPOKOBBIX ITEPEMEHHBIX

A$="MECI/L" A1$="AIIPEJIb"

CTpoKoBBIC IEpeMEHHbIE, KaK M YHCIIOBBIC, MOTYT 00pa30BBIBaTh OJTHOMEPHBIC U JIBY-
MEpHBIE MAaCCHBHI.

Jlnist cTpoK ompeneneHa oneparys 0ObeAMHEHUs WU CKJIEUBaHMs. 3HAaK 3TOW orepa-
1y "+". CylecTBo onepanuu CKIeUBaHUs SICHO U3 IpUMepa:

A28 =A5+""+ &A1S$

B pesynbrare A2$ npunumaer 3nadenue "MECSL] AITPEJIb". [Ipu onepanusx co cTpokaMu
po0Oes1 UMeeT TaKKe e MpaBa U CBOMCTBA, KaK M BCE OCTAJIbHBIE CUMBOJIBI.
CTpoKu MOYHO HCIOJIb30BATh B YCIOBHBIX BbIpAXKEHUAX. 711 HUX BIIOJIHE €CTECTBEH-

HBI OTHOIICHHSI SKBUBAJICHTHOCTH (=) U HepaBeHCTBa (<>). Hampumep:

IF A1$="AIIPEJIb" THEN 300
IF S$<>"ESOX" THEN 400"

Daiinnl

@aitnioM Ha3bIBACTCSI COBOKYITHOCTH IOCJICIOBATEIFHO PACTIONIOKECHHBIX JAHHBIX (UH-
CIIOBBIX WJIM CTPOKOBBIX) pa3MEIICHHBIX Ha BHEIIHHX HOCHUTENSX M MMEIOMINX COOCTBEHHOE
ums. Ilepen obpamenuem Kk (aiiny ero HeoOXoauMo "OTKpHITH", T.e. CBA3aTh UMs (hailna c

OTIpEJIETICHHBIM KaHaJIOM BBOAA-BbIBOJA. st aToro mucnomns3yercs onepatop OPEN. Ilocie
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3aBepIIeHUus padboThI ¢ (ailsloM ero HeoOX0IUMO "3aKPBITH", T.€. OTKIIOYUThH OT KaHajla BBO-
Ja-BbIBOAA. JT0 npousBoaurcs onepatopom CLOSE.
Ecnu aiin BeiBOgUTCS (HampuMep A7l NeYaTH WM JOJITOBPEMEHHOTO XpaHEHHs), TO

orepaTop OTKpBITUS (haiiia MOKET UMETh BU:

OPEN "STATE" FOR OUTPUT AS FILE #1

3neck "STATE" - Ha3zBanue daiina, "#1" - 370 HOMep KaHajIa BBO1a-BbIBOJIA.

Jnst 3akpeitusa daiina ucnons3yercst onepatop CLOSE #1. Onepatop CLOSE 6e3

BCAKHX y1(a3aHHI>i Ha HOMCP KaHaJIa 3aKpbIBACT BCC OTKPBITHIC K 3TOMY BPCMCHU (I)aﬁﬂbl.

THoanporpaMMel

Ecnu mporpamMma I0OCTaTOYHO JUTMHHA U JIOMYCKAeT BBIIEICHHUE JIOTHYECKA 000C00-
JICHHBIX YaCTEH WJIM K€ HEKOTOpbIE TPYIIbI ONEPATOPOB BCTPEHANOTCS B MpPOrpaMMe He-
CKOJIBKO pa3, TO IIeJIeCOO0Pa3HO MOJIb30BaThCsl moAamporpamMMmamMu. OOpamieHue K MOANpo-
rpamme ocyuectsisiercsa omnepatopom GOSUB, 3a KOTOpbIM cieayeT HayaldbHbBIM HOMEp
CTPOKH WJIM METKa MOJANPOrPAMMBI, B KOTOPYIO Iepenaercs ynpasiieHue. [lognporpamMmma BbI-
MOJHAETCS 0 TeX mnop, noka He Bcrpetutcs omneparop RETURN, kotopelii Bo3Bpamaer

yIIpaBJICHUE K CTPOKE, clienyronieil HenocpeacrseHHo 3a GOSUB.
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2. IToAroToBKA NEePBUYHBIX JAHHBIX JJI CTATUCTHYECKOH 00padoTKN.

2.1. Xapakrep OMOJOIMYECKUX U DKOTOTHYECKUX JaHHBIX.

Jlis GMONOrMYECKUX M HKOJIOTMYECKUX OOBEKTOB XapaKTEpPHO BapbHpPOBAHME 3HaYe-
HUI OT/ENBHBIX PpU3HAKOB. [10100HAas ecTecTBeHHas! BapuabeIbHOCTh 00YCIIOBIICHA BIIMSHU-
€M Ha M3ydyaeMble OOBEKThl MHOTOYHCIICHHBIX CIy4daiiHbIX (hakTopoB. Kpome Toro, Ha Benu-
YUHE MPU3HAKOB CKa3bIBACTCS MOTPEIIHOCTh U3MEPEHUH.

HOCKOJ’II)Ky MNPpHU3HAKKW MOTYT NIPUHUMATDL PA3JIMYHBIC 3HAUCHHUA, OHU HA3bIBAKOTCA IIC-
PEMEHHBIMHU BEJIMYMHAMU WJIU TIPOCTO MIEpeMEeHHBIMH (Vvariables).

B mareMaTHueckol CTaTUCTHKE Pa3UYalOT TPH THIIA 3HAUCHHH TICPEMEHHBIX - KOJIH-
YCCTBCHHBIC, HOMHUHAJIbHBIC (Ka‘IeCTBeHHBIe, anI/IGYTHBHBIe, KaTeFOpI/IaHLHBIe) " MOpPAaKO-

BbI€ (paHrOBbIE, OPAMHAIIBHBIE):

1. 3HaueHHsI KOJIMYECTBEHHBIX MEPEMEHHBIX SBIISIOTCS YUCIOBBIMU, MOTYT OBITH YIIO-
PAOOYEHBI U JJI1 HUX UMEIOT CMBICII Pa3IMUHbIE BHIYMCIIECHUS, HAIIPUMED, CPEHUX BEJIIUYUH U
IoKaszaresied Bapuanuu. KolnuecTBeHHbIE NPU3HAKKU JENATCS HA CYETHBIE WJIM MEpUCTHYE-
CKHE (YMCJIO BETBHUCTBIX Jydeil B CIIMHHOM IUIABHUKE PbIObI) U MEpHBIE WU METPUYECKHE
(pa3mep, Bec ocobn). [lepBbie BapbupyIO AUCKPETHO, BTOPBIE - HENPEPHIBHO.

2. 3HaueHHs] HOMUHAJIBHBIX MIEPEMEHHBIX (HAaIlpUMep: TOJ KUBOTHOTO, BUJ PACTECHHIA,
L[BET IJ1a3) SIBJISIFOTCSI HEUHUCIIOBBIMHU, OHM O3HAYAIOT NMPUHAJIEKHOCTh K HEKOTOPBIM KJlaccam
U HE MOTYT OBITh YIIOPSAI0YEHBI I HEOCPEICTBEHHO UCIIOJIb30BAHbI B BEIYNCIICHUSX.

3. IlopsaakoBbIe IEPEMEHHBIE 3aHUMAIOT ITPOMEXKYTOUYHOE TOJI0KEHUE: UX 3HAYCHUS
YIOPSIOYEHBI (HAIIpUMEp: CTaIMsI pa3BUTHS )KUBOTHOTO WJIM PACTEHUS, YPOBEHb 3BTPOH-
KaIli¥l BOJI0EMa, CTENICHb 3arps3HEHHUST OKPY>KaIOLIeH CpPeJIbl), HO HE MOTYT OBITh C YBEpEH-
HOCTBIO U3MEPEHBI M COMOCTABICHBI KOJIMYECTBEHHO. OHM B OONbIICH MM MEHbLICH cTe-
NeHU 00J1a1al0T KauyeCTBOM, BBIPAKEHHBIM JaHHOM mepeMeHHOW. OJHaKO OHM HE M03BO-

JIIFOT CKa3aTh ""Ha CKOJIBKO OoJiblie" niv "Ha CKOJIBKO MEHbIIE",

2.2. IlonyyeHne NCXOMHBIX JaHHBIX UId 00pabOTKH 1 aHAIN3a.

HcTounukamu NCPBHUYHBIX NAHHBIX ABJISIFOTCH: Ha6JIIOI[eHI/IH (BKJIIO‘IaSI MOHI/ITOpI/IHF),

SKCIICPUMCHTLI B ITOJICBBIX U ﬂa60paT0prlx YCJIIOBUAX. I[J'IH MOJIYUCHHA MCXOAHBIX HAaHHBIX
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KaK MpaBWJIO NMPOU3BOJIUTCS OIpaHUYEHHAsI BEIOOPKA U3 HEKOTOPOM, YaCTO HEOTPAaHUYEHHOM,
TreHepaTbHOW COBOKYMHOCTH WJIHM MOMYJISIIMM OOBEKTOB WM SIBJICHH. BBIOOpOUHBI MeTO
[IMPOKO MPUMEHSTCS B MPAKTUKE OMOIOTUIECKUX U IKOJIIOTUISCKUX UCCICIOBAHUM.

Korna ans xaxaoro o0bekTa B BBIOOpKE U3MEPEHO 3HAYEHHE OJHOM NMEpEeMEHHOU, U
BbIOOpKa Ha3bIBaeTCsl OJHOMEpHOU. Ecnu ke A Kaxa0ro o0bekTa perucTpupyoTcsl 3Haue-
HUS IBYX WM HECKOJIBKMX TIEPEMEHHBIX, TO TAKUE JTaHHbIE Ha3bIBAIOTCS MHOTOMEPHBIMHU.

OcHOBHOM 3aja4yeil CTaTUCTHKHU SIBISETCS TMOJy4YeHHE Ha OCHOBE aHallM3a BBIOOPKU
JIOCTOBEPHBIX CBEJICHHH 00 MHTEPECYIOUIMX HCCIIEAOBATENs XapaKTEPUCTHUKaX IeHepalbHOM
COBOKYMHOCTH. [103TOMYy OCHOBHBIM TpeOOBaHHMEM B BBHIOOPKE SIBISCTCS €€ PErpe3eHTATHB-
HOCTb, T.€. MPABUJIbHAS MTPEACTABUMOCTD B HEW MPOMOPLUNA TeHEPAITBbHON COBOKYIMHOCTH. O1-
HUM U3 CIOCOO0B TOCTHKEHUS PEMPE3CHTATUBHOCTH SIBJISIETCS Takasi OpraHu3alius Halro ie-
HUS WM DKCIIEPUMEHTA, IIPH KOTOPOU 3JIEMEHTHI BRIOOPKHU M3BJICKAIOTCS W3 T€HEPALHOU CO-
BOKYITHOCTH CITyYaifHBIM 00pa3oM.

Boibopounble AaHHBIE PErHCTPUPYIOTCS B CHEHMAIBHBIX JKypHalaX, JAHEBHHUKAX,

6J'IaHKaX, BEAOMOCTAX U T.A. HaanMep:

1. Yuernas (MapuipyTHasi) BEIOMOCTb BCTPEYAEMOCTH MTHII.
2. bnanku 06paboOTKH THAPOOHOTOTUUECKHX TTPOO.
3. UXTnonoruueckuii xKypHaj TpajJoBOM CbeMKHU 03€epa.

4. JTabopaTopHBIii )KypHai1 00paboTKH mMpoo.

B kauectBe matepuana /s 00pabOTKM U aHaIU3a Ha MPAKTUYECKUX 3aHATHUAX MOTYT

OBITH MCITOIb30BaHbI JAHHBIC, TTIOJTYUCHHBIC:

® [IpU BBINOJIHEHUH KYPCOBBIX U JUIUIOMHBIX paloT;

® TIpU BBINOJHEHHH HCCIENOBATEILCKUX PAa0OT BO BpEMs NMPOXOXKIACHUS CTyIEHTaMH
y4eOHO-TI0JIEBOM MTPAKTUKH 10 OOTAHHKE U 300JI0THH;

e Ha 1abOpPaTOPHBIX 3aHATHIX MO (PU3MNOJIOTHH YEeIOBEKA U )KUBOTHBIX;

® TIpU BHIOJHEHUH HAyYHO-UCCIIEIOBATEIbCKUX PAa0OT acIMpaHTaMU M TIperojaBare-
nsmu Kadenp;

e 13 y4eOHHMKOB, Y4eOHBIX MOCOOMIT 1 MOHOTpaduit Mo OMOIOTUYECKOI, SKOTOTHIECKON
U IPUPOIOOXPAHHON TEMAaTHKE;

® U3 Pa3HOTHIHBIX 0a3 JaHHBIX C MEPBUYHON MHPOPMAIIUEH.
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[Tpu HEoOXOoAMMOCTH MOPHOMETPHUIECKYIO U (DU3UOJIOTHYECKYI0 HWH(OPMAITUIO MOXK-
HO TOJIYYHUTb JUIS CTYJEHTOB, MCIIOJb3Yysl COOTBETCTBYIOLIYIO MPpUOOpHYIO 0a3y (akynbreTa.
[o kpaiineit Mepe, YaCTOTy CEpJIEYHOr0 MyJIbca Mepea KOHTPOIbHOM paboTol 1 yepe3 HeKo-

TOPOC BPEM: MOCJIC €€ OKOHYAHUSA MOKHO JICTKO UBMCPUTH IPSAMO B KOMIIBIOTCPHOM KJIACCC.

2.3. BBoJ IaHHBIX.

Hpen(;[e YCM IMPUCTYIIUTH K HCIMOCPCACTBCHHOMY BBOAY NCPBUYHBLIX JAHHBIX B TaOIu-

el makeToB MS Excel wun Statistica, HEOOXOMMO BBIIOTHATH HECKOIBKO TPEIBAPUTEITHHBIX

npoIeIyp:

1. Coxpanenue (aiina (moka emie 0e3 NaHHBIX) HA KECTKOM JHCKE, MPUIEM I aHT-
JOSI3BIYHBIX BEpCUi makeTa Statistica skenatenbHO, 4TOOBI Ha3BaHWE (ailina u Tu-
PEKTOPHH, B KOTOPBIX OH OYyZET pa3MelleH, UIMEIN Ha3BaHUs U3 JJATUHCKUX CUMBO-
JIOB.

2. Co3gaHue CTPYKTYpbl 0a3bl JaHHBIX.

3. Opranu3zanus NpoBEPKU JAHHBIX IIPHU BBOJIE.

B 37eKTpOHHBIX TaOIMIIaX PEKOMEHIYEeTCsl Pa3HECTH MIEPBUYHBIC JaHHBIC U PE3yJIbTa-
ThI 00PAOOTKH MO PA3HBIM JIUCTaM KHUTH, IPEIBAPUTEIHHO MOAMKUCAB 3aKIaIKH JTUCTOB.

Jlyist TOTO 9TOOBI 33/1aTh CTPYKTYpPY 0a3bl TaHHBIX, HCOOXOAMMO JaTh Ha3BaHUS CTOJIO-
1aM TaOJNHIBI ¥ YKa3aTh XapaKTEPUCTHKU BBOJAWMBIX ITaHHBIX. [IpyW 3TOM OTHENbHBIC Tepe-
MEHHbIC (NMPU3HAKU OOBEKTA WCCIIEHOBAHMS) CICAYET pacroyiaraTh B OTACIBHBIX CTOJIOIAX
Tabnuiel. B cucreme Statistica uist Kaa0ro CTOJIONA MOXKHO 33/1aTh IMapaMeTPhl U MMPOBECTH

9KCIpecc-aHaIn3 NaHHBIX (puc. 6, kHomku Values/Stats u Graphs).
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Y N -
Mame: [BEC MD code: [-9999 E

!

— Dizplay Format Cancel
Column width: |5 E Decimals: |1 E ce 33
LCategory: Bepresentation:

1000.000; -1000,000 All Specs
Date 1 000,000; -1 000,000
Time 1000,000; (1000,000) _Text Values |
Scientific 1 000.000; [1 000, 000) Values/Stats |
Currency —
Percentage Graphs |

Long name [label. link. or formula with Functions | J:

E O

Examples: Label: Grogs income in 1991 Formulaz: = w1 + w2 ; comment
Link: @Excellc:\file slslrdcZrdcd = [w1:0FAGE + w3

Puc. 6. 3amanue mapameTpoB NEpeMEHHOH B makete Statistica. Name - Ha3BaHuUe Tie-
pemenHoi, MD code - xoab! nponyuieHHbIX 3HadeHui, Column width - mupuna cronbia,
Text Values - paboTa ¢ KolaMu CHMBOJIBHBIX TIepeMeHHBIX, Values/Stats - mpeacraBienue
BCEX BAPUAHTOB 3HAUEHHUI NMEPEMEHHBIX B BUJE PAHKUPOBAHHOIO Psiia U OCHOBHBIX CTaTH-
CTUYECKUX Nokazarenield, Graphs - BBIBOJ T'MCTOrpaMMbl ¢ KPUBOW HOPMAIBHOTO pacrpese-

JICHUA.

Jlnst opraHu3anuu MpOBEPKH BBOAMMBIX 3HaueHnid B MS Excel MoxHO BOCIONb30-
BaThCsl MPOLEAYPOH YCIOBHOTO (OpMaTUPOBAaHUS MyTeM 3aJaHUs UaNa3oHa H3MEHEHUS
3Ha4YCHUM nepemeHoi. Hanpumep, npyu BBOJE JAaHHBIX 110 TEMIIEPATYPE YEIOBEKA, MOXKHO 3a-
JaTh JIMAIIa30H BO3MOXKHBIX 3HAYCHU B cOOTBEeTCTBUU ¢ HOpMO# 36,0-37,0°C. Brixon 3a rpa-
HUIBI JTAHHOTO JIMara3oHa CBUAETEILCTBYET WU O 3a001eBaHUM, WU 00 OIKUOKE B HICTOYHHU-

K€ HH(bOpMaHHH, WJIA OLIHOKE IIpu BBOJAC NAHHBIX.
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YUcnoeHoe PopH-aTHpOBaHHE
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¥Cnogere 1

QToOpakeEHHE AYERKH NPH
BLINDMHEHHH YCNOBHA!

Id:u:npmyna x| |=envcToez)

AaBbbBbHA

~¥CNOEHE 2

|3HEI‘-IEHHE e I IBHE‘-‘

QToOpakeEHHE AYERKH NPH
BLINDMHEHHH YCNOBHA!

= s

= v

|7

[ habea

2
DOpMaT... |
2

OpMaT...

2

\
£ Takme :=-:=-| }“_ﬂxqm... | % I OTHEHA |
\ /

VA

rpaHI/II_[H JMana3oHa BBOJAMMbIX 3HAUCHUM

Puc. 7. TlpoBepka BoguMbix nanHbiXx B MS Excel ¢ ncnonp3oBanueM mporeaypsl yc-

JIOBHOTO (hOpMaTHPOBAHUSI.

YIIPAKEHMUE 2.1. BBoa nannbix B Tadauny MS Excel.

3ananue. [IpousBectu BBOA AaHHBIX B Tabnuiy MS Excel.

Hcxonnable nanHble B3STh U3 TaOIUIBL 2.

Tabnuna 3
KonuyecTBo nydeit B XBocTOBOM IutaBHUKE KamOansl (n=100).
53 51 52 55 56 49 51 52 54 56
54 53 52 53 51 55 53 55 53 54
51 51 56 54 54 53 54 53 55 53
52 55 53 53 56 53 52 56 52 52
56 55 50 54 49 54 54 55 54 55
52 51 55 52 55 54 51 54 53 54
54 56 54 55 53 53 56 55 54 53
55 52 53 52 51 55 53 54 51 50
53 54 55 52 55 52 53 50 53 52
58 57 57 58 56 57 56 58 57 57
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ITopsimox paboTHI:

1. Opranu3oBath NPOBEPKY AAHHBIX MPHU BBOJE, YKa3aB I'PAaHULbI JUana3oHa BBOJAM-
MBIX YHCEN B paboueM OKHE MPOoLeayphl YCIOBHOTO (hOpMaTUPOBAHUS.

2. BBectu B cromben "A" ameKTpOHHOW TaONUIBI MCXOIHBIE NaHHbBIE. [Ipu 3TOM
YMBIIIJIEHHO BBECTH HECKOJIPKO YHCENl BHE JMara3oHa (Hampumep, 5 u 499), mpoBepuTh pe-
aKIIMIO Ha 3TO IPOrPaMMBbI U HEMEAJIEHHO UCIIPABUTH OMIMOOYHBIE 3HAUCHUSI.

3. CoxpaHuTh TAONHUILy C JAHHBIMHU Ha )KECTKOM JTUCKE ISl JalbHEHIIEero UCToIb30Ba-

HHA.



3. CratucTuyeckas oﬁpaﬁoTKa H aHaJIHU3 JaHHbIX.

3.1. llpenBapurenbHasi 00pad0TKa BHIOOPOYHBIX TaHHBIX

OMOupuvecKrue JaHHbIe, MOJyYeHHbIC B pe3yJIbTaTe UCCIIEAOBaHUs (HAOIIOACHUS T
HKCIIEPUMEHTA), KaK MMPaBUJIO, IEPBOHAYAIBHO MPEICTABISIOT OECIIOPSAA0UHbIH HA0Op YHCe.
Jist Toro 9YTOOBI HAa OCHOBAHUM MIX aHAJM3a C/AEJaTh MPABUIbHBIE HAYYHBIE BHIBOJIBI, HEOOXO-
JTUMO YHOPSA0OYUTh UCXOHBIE JaHHbBIE ITyTEM T'PYNIHUPOBKHU.

Pe3ynbTarhl ynopsaoueHus: SMOUPUUECKUX JAaHHBIX MOTYT OBITh MPEACTABICHBI B BU-

Jie CTAaTUCTUYECKUX PSAI0B U UX rpadukoB. CTaTUCTUYECKHE PSI/IbI TOPA3ACISIOTCS Ha!

® paH)XHPOBAHHEIC;
® BapUAIMOHHEIC;
e BpEMEHHBIC (AMHAMUYECKNUE);

¢ OMIIMPUYCCKHUC PAABI pETPCCCUU.

PamxupoBaHHBIC M BAPHALMOHHBIC PSIJIbBI HWITIOCTPUPYIOT BAPbUPOBAHUC IIPU3HAKA.

Panoicuposannwiii ps0 - ONWHAPHBIN, MPUMEHSETCS IS BBIOOPOK MaJloro o0bema
(n<30). Co3ngaercs myTeM COPTUPOBKH KOJIMYECTBEHHBIX SMIUPUUYECKUX JAHHBIX MO BO3pac-
TAaHUIO WK YOBIBaHUIO 3HaUCHUHN mpu3Haka. [lo paHXKUPOBAHHOMY PANY MOXKHO OIpese-
JUTH pa3Max U3MEHYMBOCTH U HaWTH HanboJiee 4acTo BCTpeyarolieecs 3HaYCHHE.

Bapuayuonnwuii psio (psao pacnpedenenus) - TBOMHOU, MPUMEHSIETCS JIJIs1 BBIOOPOK Kak
MaJioro, Tak U 6oibiIoro oobema. Ilpu pacnpeneneHUN TUCKPETHBIX BETUYMH MOJIY4YaeTCs
MPEPBHIBUCTHIN BapHallMOHHBINA psii (OE3MHTEPBANIbHBIN), @ IPU pacHpeeIEeHUH HENMPEPHIBHO
BapbUPYIOUINX IIPU3HAKOB - HENPEPBIBHBIN BapHallMOHHBIN psf (MHTepBasbHbIN). [locnennue
OBIBalOT paBHO- U HEPAaBHOMHTEPBAJIbHbIC.

BpemenHBIC pSAIBI - ,Z[BOfIHBIC, OTpaXarOT USMCHCHUC 3HAYCHHU ITPU3HAKAa BO BpCMCHHU.

OMIOUPHYESCKHUE PSIALI PETPECCHH - ,HBOP’IHBIG, OTPAXKAKOT CBA3b MCKAY IIPU3HAKAMU.

I'paduku. ITo 7aHHBIM BapHAIIMOHHOTO PsiJIa MOYKHO ITOCTPOUTH CIIEAYIONIHE rpaduKu
U pacIpeieNieHns: THCTOIPaMMY, IMOJIUTOH, KyMyJIsATy. 'HcTorpaMMa M IOJIMTOH pacipeene-

HUSA CTPOATCA B OCAX: 3HAYCHHUSA KIIACCOBBIX BAPUAHT (8.6CI_II/ICCS.) - HaCTOTBI KJIIACCOBBIX BapH-
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anT (opauHarta). Kymymsta cTpouTcst B OCsIX: 3HaUEHHUS KJIACCOBBIX BapHaHT (abcimcca) - Ha-
KOTUICHHBIC YaCTOTHI KJIACCOBBIX BapUaHT (OpAMHATA).

[To maHHBIM PAIOB TMHAMUKH CTPOUTCA rpaduk B ocsix: BpeMs (alcimcca) - 3HaYCHHE
npu3Haka (OpanuHaTa).

Ha ocHOBe SMITMPHYECKHUX PSIOB PETPECCHUH MOXKHO MOCTPOUTH TpaduKH (IruarpaMMel
paccesiHus ), OTPAXKAIOIINE CBSI3b MEKIY CONMPSHKCHHBIMH MTPU3HAKAMHU.

BelmenepeunciieHHbIe TpaQUKK CITyKaT JJIsl HATJISTHOM MILTIOCTPAIMH 3aKOHOMEPHO-
CTGI>'I, 3aKIIIOYCHHBIX B CTATUCTUYCCKHUX PAdaX.

YacTto B HKCHENUIIMOHHBIX YCIOBHSAX BapHallMOHHBIE PsAbl ynoOHee (HOpMHUpPOBATH
Cpa3y B IOJIEBBIX JTHEBHUKAX HIIM )KypHAJIaX YYETHBIX ChEMOK. JTO ObIBa€T HEOOXOIUMO, Ha-
pUMep, MPHU MACCOBBIX MPOMEPAX JKUBOTHBIX W pacTeHH. [|Jis 3TOro MpUMEHSETCS METO.
TOYKOBAHUA - PA3HCCCHUC OTHACJIBbHBIX BAPpUAHT BI:I60p0‘{HOI>'I COBOKYITHOCTH IO 3apaHCC OIl-
peneNeHHbIM KJlaccaM OyIyIero BapHaIllMOHHOTO PsJia, MCIONB3Ys Cleaylommi mudp vac-

TOT:

Tabnumna 4

[udpe! yacTOT BapUallmOHHOTO Psijia.
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] ®
NN N ey

112314567 8]9 10

[Ipu 006paboTke Ha KOMIBIOTEPE BAPUALMOHHBIN Psifl, TTOJYYSCHHBIM TaKUM COCOOOM,
MOJKET HCIIOJIb30BaThCS HEMIOCPEACTBEHHO, a MPHU HEOOXOAMMOCTH MPEoOpa3oBaH B PaHKH-

POBaHHBIN PsIA.

YHPAXKEHME 3.1. IlocTpoenne paHKHUPOBAHHOIO pPAJA.

3ananue. [locTpouTs paHXHpOBaHHBIE PAIBI C UCHOIL30BAHUEM AJIEKTPOHHBIX Tab-
i MS Excel.

HcxonHple JaHHbIE:

1. Pazmeps! Tena ropana (B cm): 115106 113 109 110 118 117 110.

2. Bec nrernoB  copokomyta (BT): 12,6 14,6 20,0 24,0 26,0 27,6 30,6 25,0
37,5 38,013,8 17,0 21,8 22,0 23,0 22,0 11,0.
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3. Kosqn4uecTBO JTUUMHOK JKYKOB-ILIEJIKYHOB Ha 1 M mouse:: 3 7 1 1178727
3631 3.

4. KoandecTBO MUKCOCTIOPUINI B TKAHAX KAIlyCTHON OCNSHKH:

a) camku: 84 58 18 135107 46 12997 51 13271 178 89;

0) camipl: 317 298 312 277 328 319 299 345 285 362 320.

5. Hucno nendmuxcs KJIETOK B moJie 3peHusi: 53 48 56 59 59 58 53 42 52 43 52
535036425243 525249 595957425243 50.

6. Iuamerp kierku (B Mk): 14 19 28 1822 2320212717 242120212319
232221222420 24 20.

7. Bpems BBDKUBAHHS MOJUTFOCKOB JINTHH (B 9):

a) B 100%-noii mopckoitBoge:9 4 9 9 9 109 5 9 6 7 9 9 910
9 9 7 709;

0) B 75%-Ho#1 Mopckoii Bone: 7 7 7 107757 77.

8. Jlnmua Tena )xuBopoasmel smepupl (B Mm): 55 54 45 73 63 62 58.

9. KonuyectBo 3y010B Ha 1 cM Kpas JIHCTa Y HUBSHUKA OOBIKHOBEHHOTO: 6 7 5

1 2 54898987101011988910.

YIIPAKEHMUE 3.2. [TocTpoeHne BAPUALMOHHOTO Psia.

3amanue. [locTpouTh BapuAlMOHHBIA PSII M COOTBETCTBYIOMIME Trpaduku: (THCTO-
rpamMMy, BapUalMOHHYIO KPUBYIO, IIOJUIOH U KyMYJIATY).

Ucrounuk mangeix. Tabmuna 3.

Tlopsi oK BLINOJHEHHU.

1. B TeTpaam MOCTPOUTH BapUAIlMOHHBIN Psi/I MyTEM TOYKOBAHWS, TOOABUTH CTPOKY
HAaKOIJICHHBIX YaCTOT.

2. ITocTpouTh BapHALIMOHHYIO KPUBYIO M KYMYJIATY.

3. Ilepenectu BapualMOHHBIH psij B yeKTpoHHBIE Tabmuisl MS Excel.

4. Vcnonb3yst MacTep AuarpaMm, MOCTPOUTh rpaduK pacrnpeaeseHus: 4acToT B BEIOOD-
K€ B BHJI€ TUCTOI'PAMMBI, [T0JINTOHA, BAPUALIMOHHOW KPUBOM, KyMYJISTHI.

5. Takum ke 00pa3oM B AIEKTPOHHBIX TabmuIax o0padoTaTh AOMOTHUTENbHbBIE HA0O-

PbI JaHHBIX.
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JlonmoTHUTEIHHEIC Ha0 OpPBI JaHHBIX!

1. Yucrno 6enpeHnbIxX mop y sxuBopoasux sepui: 8 9 1110111089979997111010 11
1191091010910101011811.10911101012109810109108109989898108989998
1011101114111191199999101081291291391011 111111 1111111011 121111 1111
10111010910999111211101112111011911128141215121113121211101211 10119512
101111911101111121191110771011967811.

2. Konn4ecTBO s3bIYKOBBIX IIBETKOB B COLIBETHUSAX HUBSHUKA 0ObIKHOBeHHOro (Kap-
MaThI):

a) cyxoit syr: 21 23 23 20 18 21 25192924 23 21272120208 16 1224 21 15 21
221819172020222121202021131514212022182118131522161418212513
12131714 151720201617 21282121241921201413141620151420132019 18
131720212122211915132121101413131617132121191418122721138816
21 18131415132019211816222020161316201812121117131420161514 17
152115128212113161612191321141814 1315171918 151713111516 1413
13201313121313131018171721201310131413 1416 12;

0) ceipoit myr: 25 20 25 26 21 24 16 28 23 28 28 32 23 23 26 22 .29 34 27 28 25 27 27
252523292224232327213224362729222324222424303426222227262427
282221232432312123242825262821222422242328232323232323213534
333028343732312328332232342432242723233327342732331828243430
32 24 3* 28 32 24 21 23 30 26 21 33 30 23 27 2529 32 30 30 34 26 22 32 23 34 32 23 33
222626212624 332727242433352433213233233025302427282633352631
313224213423263640312423262631222631263230323327;

B) omymka jeca: 21 22 24 26 23 22 24 21 28 30 21 20 21 22 23 18 29 24 20 24 22 16
232423222121302025182221192223231921222721212123261621212524
1723342434 1724233323332523222420212423163116211921261919 2122
212020222321212222252920242125252121252426212719202119212124
202024242129232130252019212321212221242220222124212522212321
2330212018282721 172228 1534242222252229"2129242221242019301818
17212121232121132117212229262323281524272622262019 23.

3. JlnuHa 3epeH meHuus! (B Mm): 5,39 5,42 5,38 5,47 5,51 5,30 5,40 5,40 5,28 54 546.5,53
5,55 547 524 544 5,54 5,66 543 542 543 5,52 545 5,26 5,33 542 5,50 549 5,47 5,52 5,48 5,34 5,36
5,59 5,45 5,44 5,34 5,33 5,41 5,54 5,49 5,35 5,40 5,26 5,50 5,46 5,41 5,55 5,31 5,45
5,54 5,32 5,52 5,39 5,62 5,40 5,23 5,45 5,47 5,40 5,42 5,45 5,32 5,44 5,58 5,50 5,36
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5,44 5,50 5,37 5,47 5,50 5,44 5,28 5,31 5,64 5,46 5,47 5,57 5,58 5,45 5,37 5,48 5,46
5,51 5,29 5,42 5,69 5,60 5,45 5,38 5,46 5,52 5,43 5,18 5,61 5,36 5,39 5,44 5,41.

YIIPAYKHEHUE 3.3 IIpeo0pa3oBanne BapMaliliOHHOIO PSAAa B PAHKHPOBAaHHBIN.
3amanwue. [IpeobpazoBaTh BapHAIIMOHHBIN DS B PAHKUPOBAHHBIH.

Hctounuk panaeix. Mcnoab3oBaTh BapI/IaI_II/IOHHI:Jﬁ psAA IO pacClpeaciCHU0 KOJINYC-

CTBA JIy4eil B XBOCTOBOM IIaBHUKE KaMOallbl, TOCTPOCHHBIII METOAOM TOYKOBaHUS B TETpa-
X,

TlopsiiOK BLINOJHEHHUS.

1. Hanmucats mporpamMmmy Ha balicuke.

2. [IpencraBuTh paH>)XUPOBAHHBIHN psiJl B BUJE TEKCTOBOTO (aiina.

3.3. OcHOBHBIC XaPAKTePHUCTHKH BIOOPOYHOM COBOKYITHOCTH.

CpennHne BEIMYUHEBI

Cpennss apudmerndeckas. Hanbonee yacTo mpuMeHsieTCs U MPEICTaBIsET COO0H Ja-

CTHOC OT ACJICHHA CYMMBI BCEX BAPHUAHT COBOKYITHOCTH HaA 00BeM COBOKYITHOCTH.

CpenHsas KBagpaTHYSCKasl. Z[J'IH TOr0 YTOOBI BBLIYHCIINTH cpeaHee apHQ)MeTI/I‘IeCKOC

3HAUEHUE IJIOLIAJM Ha OCHOBAHUU 3aMEPOB JIMHEHHOIO MOKa3aTels Xi, XapaKTEPU3YIOLIErO
3Ty IJIOIIAJb, HEOOXOUMO ONPEAEIUTh CPEIHIO KBAAPATUUECKYIO I JIMHEHHOrO MOKa3a-
TEJs.

Hampumep, ans Toro, 4To0bl HAlTH cpefHEe 3HAUCHHUE TUIOIMIAIU Kpyra WU MOBEpX-
HOCTH IIapa MO pe3ysbTaTaM 3aMepa JuaMeTpa 3THX (QHUryp, HeOOXOAMMO BBIYMCIHUTH CPE-
Hee 3HaueHue auamMerpa. [lodydyeHHOe 3Haue€HUE MOKHO IOTOM IOJICTaBUTh B COOTBETCT-
BylomIre (GopMyJIbl A1 HAX0XKACHUS TUIOUIAN YIIOMSHYTHIX (Uryp

Cpensss KV6I/IIIGCKa$I. I[J'Iﬂ TOr0 YTOOBI BHEIYHCIINUTH cpeaHee apHQ)MeTH‘ICCKOG 3Ha4dc-

HHEe 00beMa Ha OCHOBAaHUHM 3aMEPOB JIMHEWHOTO TOKa3aTeNls Xi, XapaKTEepU3YIOIIEro 3TOT
00beM, HEOOXOJMMO OTIPENCITUTh CPEAHIOI KyOHUEeCKyO JUIs TIMHEHHOTO TTOKa3aTeIsl.
CpenHIoI0 KBaJIpaTUYECKYIO U CPEHIOI KyOMUYECKYIO BBIYMCIISIOT B TEX CIy4asx, KO-
I71a ONpEENSIONIMM MPU3HAKOM SIBISIETCS COOTBETCTBEHHO IUIOIIAJb TEJIa MIIM €ro 00beM.
Hanpumep, cpennuii auamerp KOp3HHBI HOJCOJTHEYHHMKA HAaXOIAT MO (opmylie cpenHei

KBaJIPAaTHUECKOH, a CPETHUH TUAMETpP TOPOIIUHEI - IO (hOpMYyJIe CpeTHel KyOnUecKOo.
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CpenHss rapMoOHHYecKasd. HpI/IMCHHeTCH JJI1 HaXOXKACHUA CPEAHETO 3HAUCHUA CKOPO-

CTH TIEPEJBM)KCHUS YEIOBEKA WM KHBOTHOTO, a TAKXKE CKOPOCTH MPOTEKAHHS KaKOT0-JIH00
nporecca

Cpennss reomerpudeckas. Mcnonb3yercs npu uccienoBaHMU CKOPOCTH MPUPOCTA Ka-

KOMN-TO BEJIMYUHBI C TeueHHueM BpeMeHU. CpeHssi reoMeTpruecKasi XapaKTepu3yeT Mpoliecc.
Cpennsisi reoMeTprueckas 0ObIYHO HCIIONB3YETCS MPU aHaTN3€ MPU3HAKOB, BEIMYMHA
KOTOPBIX BO BPEMEHU M3MEHSETCS M0 3aKOHY reoMeTpudeckor mporpeccuu. Croa OTHOCAT-
Cs: U3MEHEHHE Beca Tejla B HAa4aJIbHOM MEPHUOJIE pOCTa OpraHM3Ma; pOCT YUCICHHOCTHU MOITy-
JISIAY B €CTECTBEHHBIX YCIIOBUSX; POCT MOTOJIOBBS CTaJa B )KUBOTHOBOJICTBE U T.]I.
CkopocTh MPHUPOCTa YAaCTO BBIPAXKAIOT B OTHOCHUTENBHBIX BeTUYMHAX. OTHOCUTEINb-

HYIO CKOPOCTb POCTa MOKHO BBIYUCIUTH 10 hopmyiie U.MaiiHoTa:

t, —t
V=-2"1.100%,

tl
rjae t; u t;— 3Ha4eHUs IpU3HaKa B Ha4aJie U KOHIIE UCCIIEAYEMOro OTPe3Ka BPEMEHH.
Ecnu BbIYMCIEHBI BEIMYUHBI OTHOCUTEIBHOM CKOPOCTH pocTa Vi, Vo, Vi u T.40. 1
MOCJICIOBATEIBLHBIX PaBHBIX MPOMEXKYTKOB BPEMEHHU, TO CPEIHsS OTHOCHUTEIbHAS CKOPOCTH
pocTta (cpenHss TeoMeTpuyecKas) JUisl BCEro Mepruoja MCCIeAOBaHUS BBIUUCISIETCS MO Clie-

nyroren popmyiie:

Xe =8V, V, ViV,

Mogna - 3T0 3HaueHMe, HauboJIee YacTO BCTpEUarolieecss B BEBIOOPOYHONW COBOKYITHO-
cti. Ha rucrorpamme Mozia COOTBETCTBYET CaMOMY BBICOKOMY CTOJIOIlY, @ Ha IOJIMTOHE WX
BapHAIlMOHHOM KPUBOM — cCaMOM BBICOKOI TOUKe rpaduka.

Menuana - SBISETCS CEpeIUHON BapuamoHHoro psaa. [lo o0e CTOpOHBI OT MeIUaHbI
HaxOJWUTCAd OAMHAKOBOE KOJIMYECTBO BapHaHT. MeauaHy JOCTaTOYHO IIPOCTO ONPEAECIUTh
rpau4ecKy ¢ MOMOUIbIO KyMyJIAThL. [lJ1 3TOro Ha OCH OpAMHAT OTKJIA/bIBAI0 BEIUYMHY N/2,
a Ha ocu abcuucc HaxoaaT Me

KBaHTUIM OTCEKAIOT B MPEJEIax BApUALIMOHHOTO Psiia ONPENEICHHYIO YacTh €ro uje-

HOB.
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Ksaptunu - 310 Tpu 3HadeHus: npusHaka (Q;, Qz, Qs3), mensiue paHKUPOBAaHHBIN P
Ha YeThIPE PaBHbIC YaCTU. AHAIOTUYHO, AEBITHh JeIMiIeld AT psia Ha 10 paBHBIX 4acTeid, a

99 nepuenTuneii - Ha 100 paBHbI yacTeil.

ITokazaTenu Bapuanuu

CpenHue BeJIMYMHBI HUUETO HE TOBOPST O CTENEHM BapuabenbHOCTH NMpu3HakoB. Ou-
HAKOBbIC 3HAUYEHUS CPEAHENH MOTYT UMETh BHIOOPOUHBIE COBOKYITHOCTH, BAPhUPYIOIINE B pa3-
HBIX MIpeJeNax.

JIns XapakTepUCTUKN BapruaOelnbHOCTH OMOJIOTHYECKUX W HKOJOTMYECKUX MPH3HAKOB
NPUMEHSIOTCS CIEAYIOIINE MTOKa3aTeNn: peieNbl Bapualiy, pa3Max BapHaluy, JUCIePCHS,
cpeaHee KBaJpaTHUECKOe OTKIIOHEHUE, KOA(PPHUIIMEHT BapHalllu.

HDCI{GJ’ILI Bapuanuu (J'II/IMI/ITI)I) - 9TO 3HAYSHUS MUHUMAILHONM M MaKCUMaJIbHOM Bapu-

aHT BBIOOPOYHOM COBOKYMHOCTH. JIMMUTBI YKa3bIBalOT IPaHUIIbl BApbUPOBAHUS MPU3HAKA.

IIpenensl Bapuanuy (JIMMUTBI) - 3TO 3HAUYEHUS] MUHUMAJIbHOM U MakCHUMaJbHOM Bapu-
aHT BEIOOPOYHON COBOKYMHOCTHU. JIMMHUTBI yKa3bIBalOT IPAaHUIIBI BAPEUPOBAHUS IPU3HAKA.

Pasmax Bapumanmu - npeacTaBisieT coOOil pa3HOCTh MEXIYy MaKCUMaJbHOW U MUHU-

MaJIbHOW BapuaHTaMH

Jlucnepcus U CTaHAAPTHOE OTKIIOHCHHE (cpeL[Hee KBaApPaTU4ICCKOC OTKJ'IOHCHI/IC). Xa-

paKTepu3yIoT pa3dpoc 3HAUCHU BOKPYT CPEIHEr0 3HAUCHHUS.

KosdbdunmenT Bapuaimu. Bece paccMoTpeHHBIE BBIIIE MOKA3aTEeId BapHALIUN SBIISIOT-

Csl BeJIMYMHAMU MMEHOBAHHBIMH, HMEIOIINMH Pa3MEpHOCTh BapHaHT. JJ1s TOTo, 9TOOBI MOXK-
HO OBIJIO CPaBHUTH MEXKAY cO0OI CTENeHb BapHAaOEIBbHOCTH MPH3HAKOB, UMEIOLINX KaK OJIH-
HAKOBbIC, TaK M pa3HbIe Pa3MEPHOCTH, BBeJAEH Oe3pa3MepHBIA NOKa3areib - KO UIMEHT

BapHalUU.

]

C =—=-100%

= |

Pacnpenenenus

Acummertpus u skcuecc. [lpu n3yuenun pacnpeneneHuii, OTIIMYHBIX OT HOPMaJIbHOTO,

BO3HHUKACT HCO6XOI[I/IMOCTB KOJIMYCCTBCHHO OLCHUTH 3TO Ppa3IN4YHC. C srtoit OCJIbKO BBOIAT
CIICHUAJIbHBIC XAPAKTCPUCTHUKU, B YACTHOCTU ACHUMMCETPUIO U SKCIECC. I[JISI HOPpMAJIbHOI'O

pacopeneneHus 3T XapaKTepUCTUKU paBHbI HyJt0. [loaToMy ecnu A u3ydaemMoro pacrpe-
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JIEJIEHNs aCHMMETpPUSI U DKCLIECC MMEIOT HEOOJbIINE 3HAUEHUs, TO MOXKHO IPEIINOJIOKUThH
OJIM30CTh ATOrO pacmpeaeneHuss kK HopMaiabHOMy. HaoOopoT, Gonbliive 3HAYeHHsS aCUMMET-
pHUU U 3Kcliecca YKa3bIBalOT Ha 3HAUUTEIBHOE OTKIIOHEHHE OT HOPMAJIBHOTO.

Hapsiny ¢ npocTbIMU, OAHOBEPIIMHHBIMH AMIMPUYECKUMHU PANICPEACICHUIMUA MOTYT
OBITh M MOJMMOJANIbHBIE (MHOTOBEPIIMHHBIE) pacIpe/ielIeHHs], YACTHBIM CIydyaeM KOTOPBIX
ABIISAIOTCA OMMOJANbHBIE. DJTO O3HA4aeT TeTEPOreHHOCTh (HEOTHOPOJHOCTH) HCXOAHOTO
MaTepuaia Ui BIUSHUE crenuduieckoro hakropa.

OcHOBHBIE BBHIOOPOYHBIE XaPAKTEPUCTHUKU MOTYT OBITH BBIYMCICHBI B 3JIEKTPOHHBIX

tabimuax MS Excel B momyne "OmnwmcarenpHble CTaTUCTHKH' TakeTa "AHanu3 JaHHBIX"

(Tabm. 5).

Tabmnuua 5

Pesynbrarel pabotel Moayns "OmnucaTenbHas craTucTUka" makera "AHanu3 JaHHBIX'"

MS Excel.

POCT BEC

Cpennee 119,8816901(Cpennee 21,61408451
CranmapTHas ommoOKa 0,729676508(CranmapTHas ommoKa 0,374376992
Menuana 120[Mennana 21,1
Mona 117|Mona 20)
CTaHgapTHOE OTKIOHEHHE 6,148363542|CtanmapTHOE OTKIOHEHHE 3,154556603

HICTIEPCHS] BRIOOPKH 37,80237425|Iucniepcust BBIOOPKH 9,951227364
[DKciecc -0,293650547[9kcnecc -0,227346052,
|ACHMMETPUIHOCTh -0,039091917|A cuMMeTPHUIHOCTH 0,407386664
aTepBa 31|MaTepBan 14,2
MuHUMyM 104MuHuMYyM 15,5
Maxcumym 135Makcumym 29,7
Cymma 8511,6|Cymma 1534,6
Cuer 71|Cuer 71

B nakere Statistica ans aTux 1eneil ciayxur pasznaen "OnucarenabHas CTaTUCTHKA" MO-

nyJist "OCHOBHBIE CTATUCTUKU U Tabnuubl" (puc. 8).



Ef Descriptive Statistics

] Variables: | none

Detailed descriptive statistics

Options
[ Casewizse [listwize] deletion of MD
[ Digplay long variable names

[” Extended precision calculations

— Statistics

[~ Median % quartiles
[ Conf. limits for means

Interval: |55, E -4

bl - -
=] More statistics |

Eanc_el |
Bt ;l o) !l

™ W ghtd momnts

DF =———
0 Ry1) O

Distribution

B FErequency tables | Histograms |

[~ Mormal expected frequencies
[T K-S and Lilliefors test for normality
[T Shapiro-Wilk's W test

— Cateqgorization

* Humber of intervals: |1 0 E

" Integer intervals [categories]

Box & whizker plot for all vanables | %% Categonzed box & whizker plots |
Hormal probability plots | Categorized means [interaction] plots |
Half-normal probability plots | EE Categornized histograms |
Detrended normal probability plots | % Categorized normal probability plots |
[#5] 2D scatterp.l iw namesl EEH Matnx | %E Categorized scatterplot |
£p 3D scatterp.l S namesl L@/ Sgrfacel L@@ 3D iwanate diztribution histogram |

Puc. 8. lnanoroBoe okHo "OnucarenbHas CTaTUCTUKA".

HasBaHus 0CHOBHBIX KHOIIOK:

ariables| — BEIOOp MepeMEHHBIX /JIs1 aHAIN3A,

|Frequency tables\ — MOCTPOEHUE BapHAIMOHHOTO PAJIa,

Histograms — noctpoeHue rucTorpaMMbl 1 KpUBOH HOPMAJIBHOTO pacIpeieIeH s,

|M0re statistics\ — BBIOOP CTATUCTHUYECKUX MOKa3aTesel U3 CIrcKa.

44
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Statsics K|

Default | AN | oK |

¥ Valid N
v Mean
[ Sum

[~ Median

¥ Standard Deviation

[ Wariance

[~ Standard emor of mean

[” 95% confidence limits of mean

[¥ Minimum & maximum

[~ Lower & upper quartiles
[~ Range

[~ Quartile range

[ Skewness

[~ Kurtoziz

[~ Standard error of skewneszs
[~ Standard emor of kurtosiz

Other descriptive statistics including mode,
harmonic means, uzer-specified percentiles,
etc. are available in the Descriptive Statistics
option in the Honparametrics module.,

Puc. 9. OcHoBHBIC OIIMCATEILHBIC CTATHCTUKH.

Valid N - o6beM BeIOOpKH, Mean - cpenHee apupmerndeckoe, Median - menuana;
Standard Deviation - cTangapTHOE OTKJIOHEHHE, Variance - qucrepcus,
Standard error of mean - crangapTHas ounoka,

95% confidence limits of mean - 1oBepuTEILHBIN UHTEPBAJIA JUISI CPETHETO;
Minimum & maximum - MUHUMaQJIbHOE U MAaKCUMaJIbHOE 3HAYCHHUSI (JIUMUTHI),
Lower & upper quartiles - HIOKHsS 1 BepXHsIsl KBapTHIIH,

Range - pa3max Bapuanuu, Quartile range - KBapTUIbHBIN pa3Max;

Skewness - acummerpus, Kurtosis - sxcuecc,

Standard errors of skewness & kurtosis - ormmOku acuMMeTpun U dKCIECca.

YIIPA’)KHEHUE 3.4. BoruuciieHue cpeiHUX BeJTHYHH.

3amanue 1. [To UCXOAHBIM JTaHHBIM BBIUYMCIIHTH CPEIHIO apu(PMEeTHUYECKyro, Cpel-

HIOIO KBaPaTHUYECKYIO U CPEIHIO0 KyOrueckyto. CpaBHUTH 9TH CPEHUE MEXIY COOOM.

Ucxonueie nansble. Mcnonb30BaTh BapUALIMOHHBIN Psifl, OTPAKAIOUIMNA pacnpeesie-

HUE TOPOIIHH MO TUAMETPY X (MM):



4.8

5.2

5.6

6.0

6.4

6.8

10

14

13

[Hopsinok paGoTHL.

1. Brruncnenus MMPOU3BECTU B JJICKTPOHHBIX Ta6J'II/II_IaX Ms Excel no COOTBCTCTBYIO-

muM popmyam:

D oxp

n

2
- > xlp,
Xkg. = 4| —— — CpeI[Hee KBaHpaTI/IquKoe,
n

3
- |
X«5. = 4| =——— — cpeaHee KyOondyeckoe
n

X = — cpeHee apupMeTUYECKoe,

2. CpaBHUTB 3TU CPETHUE MEXKTY COOOH.

3ananue 2. PaccunuTaTh CpeHUN reOMETPUUYECKHI IPUPOCT AJIUHBI U Beca peOeHKa H
nepBoM rofy *xu3HH. IIpupoctsl paccuutats 1o ¢popmyie Y.Maiinora.

Wcxonusie nanasie. Tadm. 6.

Tabmauma 6

Poct pebenka Ha NEepBOM IOy JKU3HHU.

Bospacr, Jnvna Tena, cm Macca tena, T

MECSIIbI
0 50 3250
1 54 4000
2 58 4700
3 60 5350
4 62 5950
5 64 6500
6 65 7000
7 66 7450
8 67 7850
9 68 8250
10 69 8500
11 71 8750
12 72 9000
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YIIPA’KHEHMUE 3.5. PacyeT 0CHOBHBIX BHIOOPOYHBIX XaPAKTEPUCTHK.

3ananue 1. Paccuntarh OCHOBHBIC XapaKTEPUCTUKU BEIOOPOUHON COBOKYMHOCTH B MS
Excel.

Ucxonnple nanuwie. Mcmoas3oBath Ta0auUILy 2.

Hopsnok pabotsl. Mcnomns3yst popmynsl, GyHKIMU U MOAYNb "OnucarenbHas cTaTH-

cTuka" u3 makera "AHalInu3 JaHHBIX" PACCUUTATH!

—_

. O6BeM BBIOOPKH.

. Cpennee apupMeTnueckoe.

. [Ipenensl Bapuanuu (JIMMUTHI).
. Pazmax Bapuauuu.

. Aucnepcuto.

. CTaHapTHOE OTKJIOHEHHE.

. Koaddunuent Bapuaruu.

. CrannapTHyIo OMIHUOKY.

O 0 3 N »n K~ W DN

. 'paHu1Ibl JOBEPUTENBHOTO HHTEPBAIA.

3ajanue 2. BeIUMCIUTD Te JKe€ MOKa3aTeNu, UCII0b3ys MakeT Statistica.

3.3. Kputepuu 10CTOBEPHOCTH CTATHCTHYECKHUX OLICHOK.

[Tockonpky MaTemaTnueckasi CTaTUCTUKA UMEET JENIO C JaHHBIMH, IOCTATOYHO Orpa-
HUYEHHBIMU TI0 00BEMY U B KOTOPBIX WHTEPECYIOLINE HCCIEI0BATENS 3aKOHOMEPHOCTH HC-
Ka)XCHBI Pa3IMYHBIMU CITy9allHBIMU (haKTOpaMH, TO OOJIBIIMHCTBO CTATHCTUYECKUX BBIYHCIIC-
HUM COMPOBOXKAAETCA MPOBEPKOW HEKOTOPBIX MPEANOJIOKEHUN WM THUIOTE3 O MCTOYHUKE
3TUX JIaHHBIX.

OcHOBHOE TIPOBEPsIEMOE MPEINOI0KEHNE HAa3bIBACTCA HYJIEBOU TUIOTE30i U hopmy-
JUPYETCsl KaK OTCYTCTBUE Pa3IM4Mid, BIUSAHUSA (AKTOpa, CBS3M MEXIY NMPHU3HAKAMU U T.II.
Hpyroe npoBepsemMoe MPEANOJIOKEHHE HA3bIBAETCA KOHKYPUPYIOIIEH WM aIbTEpPHATUBHOU
TUIIOTE30M.

Jlnst HyneBOM TMIIOTE3Bl 3aa€TCsl KPUTEPUM €€ MPOBEPKHU, COITIaCHO KOTOPOMY BBI-

quclisgeTcs (110 3aJaHHOMY MPaBWITY WK GOopMyJie) 3HAYCHHE COOTBETCTBYIOIICH CTATUCTUKU
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U ypOBEHb 3HAUUMOCTHU P, KOTOPBIN MpeaCTaBIseT COOON BEPOATHOCTh OTBEPIHYTh HYJIEBYIO
TUIIOTE3Y TOI'/1a, KOT'/la OHA Ha CaMOM Jiesie BepHa (Tak Ha3zblBaeMas omuoka 1-ro pona).

Ecnu BelunciieHHOE 3HaueHue P mpeBocXoauT BbIOpaHHBIN ypoBeHb Py, KOTOpHIH Ha-
3bIBA€TCSl KPUTUYECKUM 3HaueHHeM (00br4HO P(;=0.05), To HyleBas rumore3a MOXKeT ObITh
MpUHATA (JaHHBIE HE TIPOTHUBOPEYAT HYJIEBOM TUIOTE3€), B MPOTUBHOM ciydae (mpu P<0.05,
uHorAa Juist yBepeHHocTH npu P<0.01 wnu naxe P<0.001) myneBas rumote3a oTBEpraercs u

MMPUHHUMACTCA aJIbTCPHATHBHAsS TUIIOTEC3a.

AHalIn3 SMIIMPUUYECKHUX PaCIpeaeICHUN

[Ipu anamuze GopmMbl BapHALlMOHHOM KPUBOW MPOMU3BOJUTCS OLIEHKA CTEHNEHHU COOT-
BETCTBUS HCXOAHOTO SMIIMPHUYECKOTO PaCIpesieeHus] MPEnoIaraeMoMy TEOPETUIECKOMY.
Cam mporiecc BBISIBJICHUSI COOTBETCTBHS OCYIIECTBIISIETCS IIyTEM CPaBHEHUS SMITUPHYECKOTO
pacnpesieNieHusl ¢ yXe H3BECTHBIMH TEOPETUYECKMMHU (HOPMAJIbHBIM, SKCIOHEHIMAJIbHBIM,
OMHOMMAJIBHBIM, ITyaCCOHOBCKHM M JIp.) U HOCUT Ha3BaHHE MOATOHKH. OCOOEHHO 4acTo BO3-
HUKAaeT HEOOXOIMMOCTb ONpEeNeHHsI HOPMaJIbHOCTH SMIHUPUYECKOro pacmpeneneHus. Ot
3TOTO0, KaK MMPaBHJIO, 3aBUCUT BBEIOOp METO/1a JaTbHEUIIIET0 aHAIN3a JaHHBIX.

PaccmoTpuM npoBepky HOPMaJbHOCTH SMIMPUYECKOTO PACHpEAETICHUs Ha YyXKe H3-
BECTHOM Habope naHHbIX (Tabi. 3) B makere Statistica ¢ MCIIOIB30BaHUEM KPUTEPHs COTIacus
xz [Tupcona. IToCKOIBKY ATOT KPUTEPH OTHOCATCS K TPYIIE HEMapaMeTPUIEeCKUX, He0OX0-
JTIMO 3aJIeiicTBOBaTh MOIyJIb Nonparametric Statistics (puc. 5) u ero pasnen Distribution fit-
ting (moarona pacmnpeaenenuii) (puc. 10). B mosiBuBmeMcst okHe HaZ0 BBIOPATh UCCIIECTYEMYIO

nepemMeHHy1o u3 crnucka (Variable), n HaxxaTs Ha kHOTIKY |Graph..
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&l Distribution Fitting

[£==z]
" Nonparametric ztats ' Digtribution fitting OK |

Cancel |
Continuous Distributions:

Alternative fitiing

|_ Rect I ophionz are available
— Hectangular i [1] Process
Q Exponential .-';‘-.na_l_l,lsis [e.g.. s,
T likelihood for 'wWeibull,
I— amma Estreme Yalue, Beta,
._ Log-normal etz ], [2] Stats 2D
I_ _ [araphsz [P-F plots,
& Chi-square g-l} !:ulnltﬂ, ar|1|:|.[3] i
@ Others ... urvival Analysis
[e.g.. Weibull,
Dizcrete Distributions: [Gompertz, for
= = cehzored samples].
K[ Binomial
|,||,_ Poizson —
i [ Open Data |
[lv.... Geometric
Lilll. Bermoulli Thats S | o !l

Puc. 10. OxHo BbIOOpa TeopeTnueckoro pacnpeaeienus. Continuous Distribution —

HernpepbiBHBIE pacnpeneneHus, Discrete Distribution — qrckpeTHbie.

Ha rpaduxke (puc. ) n3o0pakeHa rucTorpaMMa 4aCTOTHOTO pacmpe/ieieHUs] pu3HaKa
U COOTBETCTBYIOIAsl KPHBasi HOPMAJIBHOTO pacrpenesicHus. B 3aronoBke rpaduka ykazaHbl
napaMmeTpsl TectoB Konmoroposa-CmupHoOBa u Xz [Mupcona. [ns Toro, 4yToObI caenarh 3a-
KITIOYCHHE O HOPMAITBHOCTH SMITHPUICCKOTO PaCTIPeICIICHHUs, TIPEIBAPUTEIHLHO HEOOXOIUMO
chOopMyIIHPOBATH HYJIEBYIO THIIOTE3Y: paclpeaeieHne KOJIMYeCTBa JIyueil B XBOCTOBOM ILa-
BUKE KaMmM0ajabl HE OTJIMYAETCS OT HOPMAIBHOTO. JIOCTHTHYTBI YpPOBEHb 3HAYMMOCTHU
(p=0,166) OGonbiie KpUTUUECKOTO (Pip=0.05) CBUAETENBCTBYET O TOM, YTO 3MIHPHUECKOE

pacupeacJICHUC HE OTIIMYACTCA OT HOPMAJIbHOTI'O.
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El]l'ltil'lUE... | Wariable FISH ; distribution: Narmal

Kalmogorow-Smirnow d = 4098830, p < 20
Chi-Square: §,475960, df = 4, p = 1663402 (df adjustad)

24
22t
20 ¢
12
16
14
12
10

Mo of obs

43 48 s0 51 52 53 54 55 58 57 &3 55— Empected

Lo T N R O = ]

Categany (upper limits)

Puc. . CpaBHEHHE SMIUPUUECKOTO pacHpeleieHNs KOJIMUYECTBA JIydeld B XBOCTOBOM

IJIABHHUKE KaMOaJbl C TCOPCTUUCCKUM HOPMAJIbHBIM.

BrIsgBIIEHHE JOCTOBEPHOCTH PAa3IHUYMN MEKIY BI)I6ODKaMI/I

JI1g BBISBIIEHUSI JOCTOBEPHOCTH PAIUYUI MEXKIy ABYMs BbIOOpKAMU MPUMEHSIOTCS
napaMeTpruuecKkue Wid HemapameTpudeckue kputepuu. K mapamerpudyeckum OTHOCSTCS t-
kputepuii CteronenTa u F-kpurepuii @uiepa.

t-KpUTepuil ABIsSETCS HaUOOJIee YaCTO UCIOIb3yEMbIM METOIOM OOHAPYKEHHS pa3iiu-
YHsI MKy CPETHUMH JIBYX BBIOOPOK. TeopeTndecku, t-KpuTepuii MOXKET IPUMEHSIThCS, Taxe
€CJIM pa3Mepbl BHIOOPOK OYeHb HeOosbmue (Hampumep, 10; HEKOTOpBIE MCCIIENOBATEIN YT-
BEPXKJAIOT, YTO MOXKHO HCCIIEZIOBaTh BHIOOPKH MEHBIIETO pa3Mepa), U €CIU MEepPEeMEHHbIE
HOPMAaJIbHO paclpesesieHbl, a JUCIEPCUN HAOIOJCHUN B IPyMIax HE CIMIIKOM pPa3IUYHBL
[Ipennonoxenne 0 HOPMaJIbHOCTH MOKHO IIPOBEPUTD, HCCIEAYs paclpesieleHue (Hanpumep,
BU3YaJbHO C IOMOIIbIO TUCTOIPAMMBbI) WJIM MPUMEHSST KaKOM-TMO0 KpUTEPHl HOPMATbHOCTH
(nanpumep X°). PaBeHCTBO [WCIIepCHil B IBYX IPYIaX MOXHO TPOBEPHTH C MOMOMIBIO F-
kputepus Pumiepa. Eciu ycinoBus IpUMEHUMOCTH {-KpUTEPUS HE BBIIIOJIHEHBI, CIENYET HC-
M0JIb30BaTh HENapaMeTpUuecKue ajbTepHATUBHI t-kputepus (Hanpumep, U-tect ManHa-

YutHn).
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B Hauane cpaBHeHUs IBYX BIOOPOK PEKOMEHYETCsl TPOBECTU IpadudecKuil aHamus ¢
UCIIONB30BaHUEM JUarpaMM pa3Mmaxa, BBIBOJS Ha 3KPaH OJHOBPEMEHHO 3HAUYCHUS CPEIHHX,

CTaHJAPTHBIX OIIMOOK U IPAHUI] TOBEPUTEIHHOTrO HHTEpBaja (puc. 11).

Graph5: Box & Whizker Plot

Continue... |

J—nie—

84 r

Tar

6.5 e e

Cuna, kr

54t

45 ¢

T +1.96*5td. Err.
1 +1.00%5td. Err.
o Mean

3.8

Mpaean pyka Neean pyka

Puc. 11. Inarpammsbl pazmMaxa 3HaY€HHM NpU3HAKA B JIBYX MOINAPHO CBSI3aHHBIX BbI-
O6opkax. Mean - cpennee 3nauenue, £1.00*Std. Err. - crannaptaas ommoka, £1.96*Std. Err.

- 'paHULIbI JOBEPUTCIIBHOT'O HHTCPBAJIA.

Henepecekaromuecs rpaHulibl JTOBEPUTEIbHBIX UHTEPBAJIOB I CPEIHUX CBHUIETENb-
CTBYIO O HAJIMYUM JIOCTOBEPHBIX PA3JIUYUN B CUJIC TIPABOW U JIEBOW PYKH y JNE€TEH MIIAAIIETO
HIKOJIEHOTO BO3pacTa.

B kauecTBe npumMepa paccMOTpuM npuMeHeHue t-kpurepust CTboAEHTa 1Ji BbIICHE-
HUSI IOCTOBEPHOCTH Pa3iIMUMil CPETHUX BEIMYWH JIBYX HE3aBUCHUMBIX BBEIOOPOK B IIEKTPOH-
HBIX TaOiumax. Bocmonb3dyemcst 0a30i JaHHBIX MO JETSIM MIIAJIIErO HIKOJBHOTO BO3pacTa
(ITpunoxenue 1). CpaBHUM Bec aereit IByX rpynn - 6 u 7 net. HopmanbHOCTh pacmpenerne-
HUSl 3HAUCHUH MpHU3HAKa B BHIOOPKE MOXKHO OMPEAENUThH M0 TUCTOrpaMMe, CpaBHUBAs €€ C
COOTBETCTBYIOILIEH TEOPETUYECKOW KPUBOW HOpPMaJbHOIO pacmpezaeneHus (puc. 12). Oty
IpoIeaypy HaIo MPUMEHHTH JUTS KaXI0i BRIOOpKHU. boslee Hafe)KHYIO OLIEHKY JAaeT UCIOJb-
30BaHuEe KpuTepusa corjacus [Iupcona X? Konmoroposa-CmupHoBa, paccMaTpuBaeMbie

nanee.
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MmcTtorpamma
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Puc. 12. I'ucrorpamma pacrpenesieHus feTeil o Becy B BelOopke 1.

PaBenctBO aucniepcuii mpoBepuM ¢ nomoibto F-xpurepus @umepa. [IpensapurenbHo
cienyer copMyJIUpOBaTh HYJIEBYIO THUIOTE3Y: pa3iuuus MEXIY AUCIEPCHSIMH Beca ABYX
BO3PACTHBIX TPYIN JETel He TOCTOBEPHBI, a €CIM M HaONIONAI0TCAd MEXAYy BbIOOPOUYHBIMU
JUCIIEPCUSMHU, TO 3TO CIYYaHOE SBJICHUE, B TEHEPATIBbHOM COBOKYITHOCTH 3Ta Pa3HULA paBHA

HYJIIO.

Ta0muua 7
Pe3ynbpTaThl pOBEpPKH THIOTE3HI O PABEHCTBE T€HEPAIBHBIX TUCIEPCUN C MTOMOIIBIO

F-kpurepus ®@umepa.

JIByxBbIOOpOuHBIi F-TecT muist mucniepcun

Ilepemennas 1 | Ilepemennas 2

Cpennee 20,94740741 23,25068493
JTucnepcust 7,353258154 6,132534247
Habmonenus 135 73
Df 134 72
F 1,199057006
P(F<=f) onHocTopoHHee 0,198478853

F xpuTHyeckoe OJHOCTOPOHHEE 1,421813778
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JocturnyTeiii ypoBeHb 3HaunMoctu (0,198478853) menwime kputudeckoro (0.05) u
HYJIEBYIO TUIIOTE3Y O PABEHCTBE AUCIEPCUN CIEAYET MPUHSATB.

ITockonbKy BBIOOpPOYHBIE pacipeaesieHus OJIM3KH K HOPMaJIbHOMY, a TI0 pe3yJibTaTaM
HPEIBIIYIIEro TeCTa MOXXHO TOBOPUTh O PABEHCTBE T'€HEPAJIbHBIX TUCHEPCHUN, MBI UMEEM
IIOJIHOE NPABO HCIOIb30BaTh t-KpuTepuil CThIOAECHTA, TaK KaK BBINOJIHEHBI YCIOBUS €T0 MpU-
meHeHus. KpoMe Toro, HemanoBa)kHOE 3HaUE€HUE UMEIOT U 00bEMbI CPaBHUBAEMBIX BHIOOPOK.
B nanHoMm ciyuae, oHu paBHbI 135 u 73, 4TO BHOJIHE IPUEMIIEMO ISl IPUMEHEHHUS TaHHOTO
kputepus. M3 crnimcka mMomyineit BeiOupaem "/IByXBBIOOPOUHBIH t-T€CT C OJUHAKOBBIMH JTUC-
nepcusiMu'', UMesi BUIY, YTO BBIOOPKH HE3aBUCHUMBI, MHA4Y€ MPUILIIOCH OBl HCIOIH30BAThH
"[TapHbIii IBYXBBIOOPOYHBIN t-TeCT /It cpenHux". B cirydae BBISBIGHUS HOCTOBEPHBIX pa3-
VYA MEXAY TUCTIEPCUSMHU, MOKHO BOCIIONIB30BAThCsI MOyJieM "JIByXBBIOOPOUHBIi t-TECT ¢
Pa3IMYHBIMM JUCHEpPCUsAMHU", B KOTOPOM HCIIOJIBb3YETCS CHELMAIBHBIM METOJ] pacuera t-
KpUTEpUS.

[IpenBaputenbHo cieayeT chopMyIUpPOBATh HYJEBYIO THIIOTE3Yy: PaziuuMs MEXAY
CpPEIHUM BECOM JIByX BO3PACTHBIX T'PYIII JETe HE JOCTOBEPHBI, a €CIU U HaOIIoJaroTCs
MEXy BHIOOPOUYHBIMHU CPETHUMH, TO 3TO CIIydaifHOE SIBJIEHHE, B I€HEpaJIbHOW COBOKYITHO-

CTH 9Ta pa3HMLIA PaBHA HYJIO. Pe3ysbTaThl aHanu3a MpeacTaBiIeHbI B Ta0I. 8.

TabOmuia 8
Pe3ynbpTaThl pOBEpPKU TUMOTE3B O PABEHCTBE I€HEPAIbHBIX CPEIHUX C IMOMOIIBIO t-

kputepus CTblO/IEHTA.

/IBYyXBBIOOPOUHBIH t-TECT C OAMHAKOBBIMHU JHCIEPCHIMH
Ilepemennas 1 | Ilepemennas 2

Cpennee 20,94740741 23,25068493
[ucnepcus 7,353258154 6,132534247
Habnronenus 135 73
OObenMHEHHAs TUCTICPCHS 6,926597371

['uroTeTnveckas pasHOCTh CPEIHUX 0

Df 206

t-CTaTHCTHKA -6,023972001

P(T<=t) omHOCTOpPOHHEE 3,86085E-09,

t KpUTHYECKOE OTHOCTOPOHHEE 1,652283572

P(T<=t) nByxcTopoHHee 7,72171E-09

t KpUTUYECKOE JBYXCTOPOHHEE 1,971548045
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[Tycts Bac He cMyIiaeT hopma 3amucu JOCTUTHYTOTO YpOoBHS 3HauyumMocTu 7,72171E-
09, MOCKOJIbKY 3TO MPOCTO KOMIIAKTHBIN croco0 mpexactaBneHus yucia 0,00000000772171
W, To-apyromy, 7,72171%107.

[TockonbKy BelIMYMHA JIOCTUTHYTOIO YPOBHSI 3HAYMMOCTH MEHBIIE KPUTHYECKOIO
ypoBHs 0.05 (1 maxe 0.001), HyneBast THUMOTE3a OTKIOHSIETCS HA BRICOKOM YPOBHE 3HAYMMO-
cti (p<0.001) m MOXHO chenaTh 3aKJIIOYEHHE O JOCTOBEPHOM pa3jIMYMU Beca JeTel NBYX
BO3PAaCTHBIX IPYyIII.

ITapamerpuueckuii F-xpurepuii ®duiiepa U HenapaMeTPUYECKUM KPUTEPUN COTJIACUS
[IupcoHa MOYXHO KCIOJIB30BAaTh U CAMOCTOATEIBHO, BHE CBSI3U C MPOLIETYPOIl HCCIeT0BaHUS

NPUMEHUMOCTH t-KpuTepus CThIOJCHTA.

Ynpaxknenue 3.6. OuneHka J0CTOBEPHOCTH PA3JIHYUSA MeEXKAY CPeIHUMH apudme-

THYCCKUMMU HE3aBUCHUMBbIX BblﬁOpO‘lelX COBOKyHHOCTeﬁ.

3apanue. /{na vccaeryeMbIx BHIOOPOUHBIX COBOKYIMHOCTEH OMpPENeNuTh JOCTOBEPHOCTD
pa3Iuyms MeXIy CpeIHUMH apru(PMETHIECKUMHU.

Ucxonnple nanuble. baza gaHHBIX MO JAETAM MIIAIIIETO MIKOIbHOTO Bo3pacta (IIpumio-

xenue 1). Mcnonb3oBaTh Cieayomume mapaMeTphl: POCT, BEC, OKPYKHOCTh TPYAHON KJIETKU U
CUJIy TIpaBO# U JIeBOM pykH. B kauecTBe cpaBHHBaeMbIX BHIOOPOK HCIOJIB30BaTh MOJOBBIE U
BO3PACTHBIC TPYIIIIBI JETEH.

[opsanox BeimoaHeHUs 3aaHus. OIeHKY IPOBECTH C UCIOJIb30BaHUEM MakeTa "AHaiu3

naHHbIX" 3mekTpoHHBIX Tabmun MS Excel u moxyns "Basic statistics" makera Statistica. B
TIOCJICTHEM CITy4ae JUIsl IPOBEPKU HOPMAJIBHOCTH BBIOOPOYHBIX PACIIPEICICHHH CIeTyeT BOC-

I10JIb30BaThCsl KpuTepueM cornacus [lupcona B monyie "Hemapamerpudeckas ctaTuctuka'.

Ynpaxnenne 3.7. OueHKa J0CTOBEPHOCTH PA3JIM4YMs MeEXKAY CpeIHUMH apudme-
THYeCKHMMH He3aBUCHUMBIX BHIOOPOYHBIX COBOKYIHOCTEI.

3aganue. [IpoBepuTh TMNOTE3Y O JAOCTOBEPHOCTH PA3IMYUN MEXAY MONAPHO CBSI3aH-
HBIMH BBIOOPKaMHU.

Hctounuk naHHBIX. M3MepuTh mysibCc CTYIAEHTOB 10 Hayaja M uyepe3 IoJjyaca Mocie

IMPOBCACHU KOHTpOJ’IBHOfI pa6OTBI 1 BHCCTU JaHHBIC B CBOJAHYIO Ta6n1/1uy.
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3.4. luciepCHOHHBIH aHAJIU3.

[ousaTe cyTh W 3(p(PEeKTUBHOCTH AUCHIEPCHOHHOTO aHaIW3a IMpolIe Ha pa3dope KOH-
kpetHoro npumepa. O6parumcs k nanabiM C.I1. KurtaeBa (1984) o 3aBucumocTtu GuomMacchl
OeHTOCa 03ep pa3HBIX MPUPOJIHBIX 30H OT IUIOMIAAN 03€p.

Tabmuma 9

Bromacca 6enToca (/M) B 3aBUCHMOCTH OT ILIOIIAM 03€Pa U IIPHPOLHOMN 30HBL.

IIpuponnas 30Ha
[Tnomans o3ep| Tynapa |CeBepnas taiira| Cpennsiss | CMelIaHHBIN Jiec
Taiira
<10ra 5.00 4.04 5.17 3.73
10-50 3.21 3.85 3.92 7.56
50-100 ra 3.75 4.02 5.10 8.74
100-500 ra 3.85 3.32 3.80 8.75
500-1000 ra 5.39 2.23 3.77 15.39
1000-5000 ra | 3.59 2.11 2.56 11.85
>5000 ra 8.44 1.87 1.94 9.84

[Ipu ananwu3e TabIUIBI TPYIHO OMpPEAEINTh, KaK 3aBHCUT OMomacca OEHToca OT IIO-
a1 03epa U MPUPOJHON 30HBI, B KOTOPOH OHO pacnojoxkeHo. ENMHCTBeHHO, 4To AeHCTBU-
TEJIbHO OpocaeTcs B I1a3a - 3TO BBICOKHE Omomacchl OeHToca B o3epax miomaasio 500-5000
ra B 30HE CMEIICHHBIX JIECOB.

[TorrpoOyeM BBISICHUTB, CYIIIECTBYET JIM CBSI3b MEXKy OMomMaccoil OeHTOCa, MIOIA b0
o3epa U MPUPOJHON 30HOH, B KOTOPOW pacloyiokeHO 03epo. B 1aHHOM ciydyae MOXHO HC-
N0JIH30BAaTh METOJI TUCTIEPCUOHHOTO aHalIM3a, KOTOPHI MIMPOKO MPUMEHSETCS B OMOJIOTUN U
sKosoruu. st 3TOoro Bocmoib3dyeMcst MoaysieM "JIByx(dakTopHBI NTUCTIEpCHOHHBINA aHAIN3
6e3 noBTopeHuil" nakera "Ananu3 naHHbIX"' U3 MS Excel. IlpensapurensHo HEOOX0AMMO
c(hOpMHpOBATH JUCIIEPCUOHHBIM KOMIUIEKC, B KOTOPOM CTOJIOLBI MPEACTaBIAIOT Ipajalluu
daxTopa "IIpupoanas 30Ha", a ctpoku — rpaganun gaxtopa "Ilnomans ozepa”. 3atem cueny-
eT cOopMyIHPOBATh HYJEBYIO TUIIOTE3Y: pacCcMaTpuBaeMble (haKTOPBI HE BIUSIOT HA PE3Yilb-

TUPYIOLIUI NpU3HaK (IUomaae o3epa). B pe3ynpraTe aHann3a Ha OTAEIBHOM JHCTE OyAeT

BBIBEJICHA CJICAYIOIIast Ta0auIa;
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Tabmauma 10

JIByX(aKTOPHBIA JUCTIEPCHOHHBIN aHATN3 0€3 MOBTOPEHUHA

uroru Cuem | Cymma Cpeonee Jlucnepcus

<10 ra 4 17,94 4,485 0,500833333

10-50 41 18,54 4,635 3,904566667

50-100 ra 4 21,61 5,4025 5,290825

100-500 ra 4 19,72 4,93 6,5426

500-1000 ra 4 26,78 6,695 35,26596667

1000-5000 ra 41 20,11 5,0275| 21,07109167

>5000 ra 41 22,09 5,5225] 17,77589167
Tyumpa 7] 33,23 4,747142857] 3,26922381
CeBepHas Taiira 7 21,44] 3,062857143| 0,930190476
Cpenmss Taiira 7] 26,26 3,751428571] 1,427147619
CMeEIIaHHBIN JIeC 7] 65,86 9,408571429] 13,07804762
JlucnepcrnoHHbIN aHaIu3

Hcemounux sapuayuu SS df MS F P-3nauenue | F xpumuuecxoe

Ctpoku 13,202 6] 2,200333333| 0,399956952) 0,869358583 2,66130229
CTo01IbI 172,0297 3| 57,34322262( 10,42333913F 0,000334607 3,159911444
[lorpemHocTh 99,02566, 18] 5,501425397
Toro 284,2573 27

PaccMoTpuM pe3ynbTaThl IUCIEPCUOHHOTO aHaiM3a. JJOCTUTHYTHIA ypOBEHb 3HAYU-

moctH p=0,869 nns miomaau o3ep Oonbiie kpurtuueckoro (0,05). CiaenoBarenbHO, HyJIEBYIO

rUrnoTe3y HeoOXxoaumo NpuHATh. i nmpupogHoit 30HB p=0,00033, U HyJEeByI0 THIOTE3Y

cleayeT OTBepruyTh Ha ypoBHe 3HaunMocTu 0,001. AnbprepHaTHBHAS K€ TJIACUT, YTO PaCIIo-

JIO’)KEHHE 03€pa B TOM WIJIM MHOW TIPUPOTHON 30HE TOCTOBEPHO BIUSAET Ha Omomaccy OeHToca.

Ynpaxnenue 3.7. OqHo¢aKkTOPHBINA AUCIIEPCHOHHBINH AHATU3.

3aganue. OnpenenuTs BIUSHUE TEMIIEPATypbl HA aKTUBHOCTh aMUJIa3bl CIIOHBI YEJI0-

BEKa MU MOCTOSIHHOM 3HadeHuu pH cpenbl.

]_—[HH HCXOAHBIX NAHHBIX C IMOMOULIBIO AHUCIICPCUOHHOI'O0 aHAJIN3a YCTAHOBUTH, BIIUSACT

JM peryiupyemMblii (pakTop Ha BETHMUMHY NMPHU3HAKA U ONPEIEIUTh YPOBEHb 3HAUUMOCTH CIE-

JJAHHOTI'O 3aKJIIOYCHU.
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Hcxonnble naHHble. [losmydeHsl 1mo pesyipTaTaM OMOXMMHYECKOIO aHalu3a Ipod
CJIIOHBI, B3ATBIX Y TpeX 00CiIeqyeMbIX OJIHOTO IoJIa U BO3pacTa, (U3NYECKH 370POBBIX (TO
€CTh UMEETCSI TPU MOBTOPHOCTH). MICXOAHbIE JaHHBIEC MPEACTABUTh B BHJIE OJAHO(PAKTOPHOTO

KOMIIJICKCA.

Tabmuma 11
Pe3ynbraThl SKCIIEpUMEHTA 10 UCCIICAOBAHHUIO BIHMSHUS TEMIICpaTypbl Ha aK-

TUBHOCTBb aMHJIa3bl.

Temmnepatypa, C° |AKTUBHOCTH (YCI1. €11.) IO
MOBTOPHOCTSIM
1 2 3
20 5.40 4.50 9.80
30 14.30 1036 | 20.35
40 29.50 | 25.00 | 37.10
50 42.00 | 40.20 | 44.60

Ynpaxuenne 3.8. JIByx(pakTOpHBIii 1MCIIEPCHOHHBIN aHAJIN3.

3amanue. Onpenenuth BausHUE TemmepaTypsl (paktop B) u pH cpenst (baktop A) Ha
AKTUBHOCTh aMHUJIa3bl CIFOHBI YEJIOBEKA MPU MOCTOSIHHOM 3Ha4eHuu pH cpebl.

I[JISI HNCXOAHBIX HAHHBIX C IMOMOILIBIO AJHUCIICPCUOHHOIO0 aHAJIN3a YCTAHOBUTH, BIIUACT
JM peryIupyeMblil (JakTop Ha BEIMUYUHY NPU3HAKA U ONPEIEIUTh YPOBEHb 3HAUMMOCTH Cie-
JIAHHOTO 3aKJIFOUYCHHS.

Ucxonnbie nanublie. [lomydensl mo pesyiabTaraM OHOXMMHUYECKOTO aHalIM3a MHpoo

CJIIOHBI, B3ATBIX Yy TEX XKE TPEX O6CJ'IGI[yeMLIX. HMcxongnpie mTaHHBIE MNpeaACTaBuUTL B BUIAC

IBYX(aKTOPHOTO KOMIUIEKCA C TIOBTOPEHUSMHU.
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Tabmmma 12
Pe3ynbraThl SKCIIEpUMEHTA TIO0 UCCIICOBAHUIO BIMSHUS TeMIreparypbl 1 pH Ha akTHB-

HOCTb aMMJIa3bl.

Temrmepa- |AKTUBHOCTB (YCJI. €11.) IO TOBTOPHOCTSIM

Typa, C° pH 6.8 pH 7.2 pH 7.6
20 123 | 16.1 [ 169 | 54 | 45 |98 | 3.6 | 33 5.7
30 28.2 | 35.1 | 385 (143 | 104 (203 | 7.8 | 7.6 |11.2
40 57.8 | 71.6 | 77.8 | 29.5 | 25.0 [37.1 | 154 |16.0 |21.4
50 79.8 199.0 [107.5 | 42.0 | 40.2 |44.6 | 21.3 | 22.1 | 29.6

3.5. KoppeasiuuoHHbIi aHAJIM3.

Hanuuue KoppensuuoHHBIX CBsI3eH MEXIY BapbUPYIOIIUMH MPU3HAKAMH OOHAPYKH-
BaeTCsl Ha BCEX YPOBHSX OpraHU3aluy >kKMBOW Marepud. KiltoueBbIM NOHATHEM, ONMCHIBAIO-
UM CBSI3U MEXKy IEPEMEHHBIMU BEIMUMHAMHU, SBJIIETCS KOPPEISILIMSL.

Koppensauus npezncrasiser co0oil Mepy 3aBUCUMOCTH IEPEMEHHBIX U MOXKET ObITh
BbIpa)KE€HA KOJMYECTBEHHO KOA(PPHUIMEHTOM KOppeIsiuu. 3HaK Kod3(duImeHTa Koppeasiuum

nmn

omnpeenseT HanpapiieHue cBs3u ("'+" — moyoxkuTeNbHAS, — oTpuuarenbHas). Tak, Ha qua-
rpamme paccesiHus (puc. ) "o01ako To4ek" M JMHUS PETPECCUU OPUEHTUPOBAHBI B HAIpPAaBIIC-
HUU U3 HUKHETO JIEBOTO YIila KOOPAMHATHOM MJIOCKOCTH B MPaBbIi BEPXHHIL, UTO yKa3bIBaeT
HAa TOJOXKUTEIBbHYIO KOPPENIALUIO MEXKIY POCTOM U BECOM.

KoadduimenTs! KOppemsaiun N3MEHSI0TCs B ipeaenax ot -1 1o +1. 3nauenue -1 o3Ha-
9aeT, 4YTO TEPEMEHHBIE UMEIOT CTPOTYIO OTPHUIATEIbHYIO KOppeisiuto, mpu +1 - cTporyro
MOJIOKUTENbHY0. 3HaueHue () 03Ha4yaeT OTCYTCTBHE KOPPETSLUH.

IIpu r>0 (mo abcoMOTHOMY 3HAUEHHUIO) — €CTh KOppemsiusa. B 3ToM ciydae MOXHO
TOBOPHUTH O CTENEHHU COMPSHKEHHOCTH MEX]y BapbHUpyrOmMMH npuzHakamu. Eciu r<0.3, to
31O crnabas cBs3b. Ecian 0.3<r<0.5, To sta cBa3p ymepennas; 0.5<r<0.7 — 3HauntenbHas Kop-
pemnsitus; 0.7<r<0.9 — cunbHas xkoppensust; r>0.9 — oueHb CUIbHAs CBS3b, TPUOJIMIKAIOIIIAS-
¢S K QyHKIIMOHATHHOM.

Koppemnsus mexay mapoi MepeMEeHHBIX Ha3bIBACTCS NAPHOU Koppelsayuell, a €€ Be-
JUYUHA OTpeNeNnsieTcs: Kodgguyuenmom napHoi xoppenayuu. Eciu ucciemyeTcst 3aBUCH-

MOCTb MCKAY ABYyMA NCPEMCHHBIMH, U3BMCPCHHBIMUA B uHmepGClJZbHOZZ wkasne, HauoOoJee noa-

xonamuM Kodddurmentom Oyaet kodddurment koppensiuuu [lupcona r, Ha3pIBaeMbIN TaK-
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xKe Koaguyuenmom nuHeliHol Kopperayuu. ITa Koppensuus Hanbosee MomyssipHa, M03TO-
MY 4acTO, KOTJja TOBOPAT O KOPPEJSAINH, UMEIOT B BUIy UMEHHO Koppemsiuto [Tupcona.

KoppensinoHHblil aHaan3 peKOMEHY€eTCsl IPOBOAMTD 110 OIIPEIETICHHOM CXEME:

1. BoisiBieHHE HAW4UA CBSI3U MEXKy TPU3HAKAMM.

2. OmnpeneneHue xapakTepa pacrpeeieH s IepeMeHHbIX (HOpMaIbHOE UIIH HET).

3. Onpenenenue Gopmbl CBA3U (IMHEHHAS WM HETMHEWHAs ).

4. OnpeneneHue HapaBICHUs CBA3M (TMOJOKUTENbHAS UM OTPULIATEIIbHAs).

5. Boibop MeTona pacuera mokasaTens CBS3M (IapaMEeTPUUECKHUI WM HelapamMeTpu-
YECKHM ).

6. Pacuer koa¢dunirenta koppensunu (CTerneHu CONpsHKeHHOCTH MPU3HAKOB).

7. PacueT omMOKH U OLIEHKA JOCTOBEPHOCTH K03 (pUimeHTa KOppemsaium.

B snexrponnsix Tabmauax MS Excel umeeTcs BO3MOKHOCTh BBIYHCIICHUS KOd(Dduiu-
eHTa nuHelHoi koppemsiuuu [Iupcona ¢ nomoursio pynkuun KOPPEJI nnu moayns "Koppe-
msma” nakera "AHanu3 gaHHBIX". Pe3ynbTaThl B IEpBOM cllyyae BBIBOASATCS B BUe K03 pu-
LUEHTa KOpPPEJSALUU, BO BTOPOM — B BHJI€ KOPPEISLMOHHON MaTpullbl 0€3 yKa3aHHs JOCTO-
BEpPHOCTU K03((PUIMEeHTOB Koppensauuu. Kpome Toro, ¢ momMouipo Mactepa JuarpaMM Mox-
HO IOCTPOMTD JHAarpaMMy pacCesHUsl.

B makere Statistica (puc. 13) onHOBpeMeHHO ¢ K03 duieHToM koppensuu [lupcona
OTIPEEIIAETCS €ro JOCTOBEPHOCTh, O KOTOPOM MOYXHO CYAMTH 110 JOCTUTHYTOMY YPOBHIO 3Ha-
quMOCTH — TIpH p<0,05 K03PIUITUESHT KOPPENISIHH TOCTOBEPHO OTIIMYACTCS OT HYJIS.

JUist BBISIBIIGHUS HAJTUYUS CBA3H, €€ (DOPMBI M HAIIPABJICHUS MOJIE3HO BOCIIOJIB30BATHCS
nuarpammamu paccessHusd. Ha puc. 14 um 15 npencraBieHsl 1Be 3aBUCUMOCTH MEXKIY IEpe-
MEHHBIMH U COOTBETCTBYIOIIHE KOAXPPHUIIMEHTHI JINHEHHON Koppemnsuu. Bo BTopoM ciydae,
IIOCKOJIBKY 3aBHCHMOCTb MEXJy JBYMS UCIOJIb30BaHUE JIMHEHHOr0 KOAQPHULIHEHTa KOppes-
uu [Iupcona HEKOPPEKTHO, HEOOXOAUMO HCIIOJIB30BaTh HEMAPAMETPUUECKUNA aHAIOT — KO-

s dunment koppensiunu CnupMena.



il Pearzon Product-Moment Correlation 7|

@ One wanable list [square matrix]l @ Two hsts [rectang. matrix]l

First hist: POCT Cancel |

Second hst: BEC
Cormrelations | Save makrix [Qrly single-list square EninléfsT §| o ﬂl

matrices can be saved]

Display Options ™ weighted

* Com. matrix [highlight p] v Cazewize deletion of MD moments

" Com. matiix [display p & N] | [ Display long variable names rP:;: N
i~ Detailed table of rezults [~ Extended precizion calculations

2D zcatterp. | i namesl M atnix %E Categorized scatterplot |

3D zcatterp. | fw namesl L@} Surface | Uj@ 3D bivariate distribution histog. |

For ather correlation or distance measures use Monparametrics or Cluster analysis; use Multiple

Regrezzion to compute multiple and partial conelations.

Puc. 13 . Inanorosoe okno "Koppemnsius [Tupcona".

HazBanus 0OCHOBHBEIX KHOIIOK:
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|One variable list (square matrix)\ — OJIMH CIIUCOK MEPEMEHHBIX (KBaJpaTH. MaTPHUIIA),

\Two lists (rectang. matrix)\ — JIBa crrcKa (IpSIMOYTOJIbHAS. MAaTPHIIA),

Correlations| — nmoctpoeHue KOppeasUOHHON MaTpUIbL,

2D scatterp. — AByMepHbIE AUAarpaMMbl PaCCESTHHUS.
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Ej Graphl: POCT vs. BEC [Casewise MD deletion)

_Continue... | POCT vs. BEC (Casewise MD deletion)

BEC =-2541 + 39420*POCT
Carrelation: r= 77251

34

BEC

; ; ; : i : : “o. Regression
100 105 110 115 120 126 130 135 140 95% confid.

Puc. 14 . Jlnarpamma paccestHUs, XapaKTepU3yIollas CBA3b MEXIY POCTOM U BECOM
nereit 6-7 net. Regression 95% confid. — 95%-Hb1ll 1OBEpUTENBHBIN MHTEPBAN U1 JIMHUN

perpeccuu.
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ED"ﬂHUEu-l IMWHA vs, BEC (Casewize MD deletion)
BEC = 17732, + 75,603 = INKHA
Correlation: r= 91227
14000
goon [ .
[u]

Fooo |
o &000 ¢
[u1]

z000 |

1000 f

4000 " : : : : : : : = Regressm_n

0 10 20 a0 40 50 =] 70 a0 a0 25% confid
JUMTHHA

Puc. 15. luarpamma paccestHus, XapaKTepU3yOIas CBA3b MEX/y JUIMHOM U BECOM CY-

JakKa.

YIIPA’KHEHHUE 3.9. Borunciaenue ko3¢ puuuesTa KoppeJsiiu.
3ajanue. /[ns 3a1aHHONM COBOKYIHOCTH IONAPHO CBSI3aHHBIX 3HAYEHUH HECKOJIBKHMX
NPU3HAKOB BBIYUCINTH KOA((UIIMEHT TuHEHHOM Koppensiun [TupcoHa, olleHuTh ero 10cTo-
BEPHOCTb, YCTAHOBUTB CTEIICHb COINPSKEHHOCTH MEXKYy IIPU3HAKaMU U HAIIPABJICHUE CBSI3H.

Hcxonuple Ja”HHEIE.

1. ba3bl JaHHBIX N0 AETAM MJIAALIEro HKoJbHOro Bo3pacta (Ilpunoxenue 1)
2. ba3a maHHBIX 110 TMMHOJOrH4YecKUM napamerpam o3zep (IIpunoxenue 2).
3. Bec twsmuu B T (X), ko3 ¢unment 3penoctu (k), KonmuecTBo UKpUHOK (Y) B Bec

OJTHOTO OOIIMTa B MT (0):

x:13,114,514,617,427,517,512,6 11,9 11,3 22,3 22,9 10,1 10,2
k: 51 63 58 6,1 7,6 52 6,4 63 6,2 50 59 50 5,7
y: 319 307 239 290 429 270 252 243 232 201 383 280 254
o: 1,6 22 28 3,1 39 2,6 2,6 2,1 22 33 2,7 1,5 1,1
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4. JlnuHa KphUIa TOJICBOTO >KaBOPOHKAa B MM (X) M reorpaduyeckas mupoTa MecTa

B rpaaycax (y):

x: 104 101 98 111 103 96 9594 105 110 101 100 92 10091 8495102 115115112
y: 67 5638 47 60444552 52 50 48 6039 52374243 62 44 57 61

ITopsinok paboTHL.

1. B snextponnsix Tabnunax MS Excel n makere Statistica mOCTpOUTH AMArpaMMbl
paccesiHusI 3HAUEHUH 10 TapaM MPU3HAKOB. BBISBUTH HaIMUME KOPPEISIMU W HalpaBlICHUE
CBSI3M.

2. ITocTpouThk KOppeNsLUOHHbIE MaTpULbl. ONpenesnTh CTENEHb U HAaIIPaBICHUE CBS-

31 MEXy MPU3HAKAMH, OLICHUTH JIOCTOBEPHOCTH KO3(P(PUIIMEHTOB KOPPEIIALHH.

He cnenyer oGombiaThesi OOMBIIMME 3HAYCHUSAMHU KO3PDUIIMEHTAa KOPPEISAIUNA TPH
MaJIoM o0beMe BhIOOpKH. [IpoBeauTe clieAyronmii SKCIEPUMEHT: U3 0OJIbIION BEIOOPKU HUC-
MOJIL3YHTE €€ YacTH pa3HOro o0bema (10 BO3PACTAaHUIO) M MOCMOTPUTE HA 3aKOHOMEPHOCTh

M3MEHEHUs1 KOAPPUIUEHTA KOPPETSLUH.

3.6. PerpeccoHHBIH aHAJIN3.

OI[HI/IM 13 OCHOBHBIX MCTOAOB HUCCICAOBAHUA 3aBUCUMOCTU MCKAY ABYMA IICPCMCH-
HBIMU SIBJISIETCS PErPECCUOHHBIN aHaIN3, MpeJHa3HAYECHHbIM A1 moadopa aHaIUTHYECKON
byHkmMu (MOJENH), Han0oJiee TOYHO OMUCHIBAIOIICH SMITMPUUYECKYIO 3aBUCUMOCTh. B Kaue-

CTBE TaKOM (PyHKIIMM HCHIOIB3YIOTCA:

- MPOCTHIE 3aBUCHMOCTH: JIMHEWHAs!, SKCIIOHEHIMAbHAsI, CTETICHHAs, JIOTHCTUIECKasl,
HOJIMHOMHAJIBHAS U JIP.;

- TIpOM3BOJIbHBIE (YHKIUH, 3aJaBaeMble MMOCPEICTBOM alreOpandecKux OIeparui u
(byHKUIHHA.

PerpeccnonHslii aHamu3 MO3BOJISAET:

- MIPOBEPUTH CTATHCTUYECKYIO HYJIEBYIO THIOTE3y 00 OTCYTCTBHM PA3IUUUN MEXKIY

IMIUPUYECKON 3aBUCUMOCTBIO U TEOPETHUUECKON (QyHKITUEH;
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- MpejicKa3aTh 3HAYEHMs 3aBUCUMON MEPEMEHHON MpU MPOMEKYTOUHBIX WM JIeKa-

MUX BHE AUAlla30HA U3MCPCHHUA 3HAUYCHUAX HE3aBUCHMOM HepeMeHHOﬁ.

[Ipu OTCYTCTBHU ampUOPHBIX MPEIIOI0KEHUH O TOM, KAKOMY 3aKOHY COOTBETCTBYET
SMIIUpPHUYECKAs 3aBUCHUMOCTh MEX]y MEepEeMEHHBIMHU, LEIeCO00pa3HO MPOBEPUTH HECKOJIBKO
Pa3IMYHBIX PETPECCUOHHBIX MOJENEH U Cpelu TeX, AN KOTOPBHIX HyJieBas TMIOTe3a MPUHU-
MAaeTCsl, OCTAHOBUTHCS HA MOJIENH ¢ O0IBIINUM KO3 (UITMEHTOM aNpPOKCUMAIIUN ().

Jyis momy4eHust MpeACTaBICHUSI O XapaKTepe CBSI3U MEXKIY MEPEMEHHBIMH (JTUHEHHOM
WIM HEIMHEHHOM) ITOJIE3HO MOCTPOUTH (PYHKITMOHAIBHBIA I'padHK 3aBHCHMOCTH TIEPEMEH-
HOM-OTKJIMKA OT He3aBUCUMOM TiepeMeHHo# (puc. 14-15).

B s1exTpoHHBIX Ta0NHIIaX perpecCHOHHBIN aHallu3 peain3oBaH B Moayie "Perpeccus"
nakera "AHanu3 gaHHbIX". Pabodee OKHO MOAyIIsI MpeACTaBIeHO Ha puc. 16.

Bri6op mpuemnemoii GpyHKIuM ocymecTsisiercss B okae "Jluaus tperma" (puc. 17),
MCXOJISl M3 BEJIMYHHBI Kod(duuuenTa annpokcumarmn (7). Jlist BeIBoga Ha dKpaH Kooddu-
[IUEHTa aNMpPOKCUMAIIMU U YPaBHEHUS perpeccu HeoOXoaumMo nepeiTu Ha 3aknanky "llapa-

MeTphI".

Perpeccun 7]
BxoAHEE AS3HHEIE
Bx0AHOH HHTEREAN 3 |$F$1 :$F$309 :‘J
CITHEHA |
BxoAHON MHTERBAN i |$E$1 $EF309 :k_j
Cnpaeka
v MeTrH I KoHCTaHTa - HoNE Ll

I YpOBEHE HAAEHHOCTH! IEIS S

TlapaMeTpkl BEIBDAS

' BplxoAHOH MHTEpEAanN: I &Y

% HoBewi pafioumil ancT: I

" Hoean pafioyan kHHra

—OCTATEH

[~ ocratkm [~ Cpatdwmik ocTaTioe
[ CraHAapTHEOBSHHEIE ocTaTi W Cpadmk noafopa

~HopManeHanA BEEpOATHOCTE
[ Ipadk HOpManeHDH BEpOATHOCTH

Puc. 16. Pabouee okno moay:s "Perpeccus'.
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NuHuA TpeHAa

Trn | MapaveTpel |

TIOCTPOEHKE MMHKK TREHAS [ANAPOKCMMALMA M CENa%MEIHHE )

. Pl . _TEMNEHE!
T Rl =

MNHHERHaA Noraprgmudeckan  NonMHOMHaneHaA
e | TOHEH:

o.nd =" |2 5‘

CTENEHHaA JKCNOHEHUMaNEHaA  JIMHERHaA dHnETpauKA

MoCTpoEH Ha pAAE:

O I OTHEHS

Puc. 17. Bbibop Tuna 3aBUCHMOCTH MEXAy ABYMs NEPEMEHHbIMU B Moayie "Perpec-
cus".

B nakere Statistica mog0o0p TEOpETUUECKOM JIMHUM PETPECCUH K 3MIIMPUYECKON 3aBH-
CUMOCTH MOXHO INpoBecTu B MojayJie "Henuneiinoe onennBanue". B kauectBe nmpumepa pac-
CMOTPHUM aHaJIU3 COOTHOIIECHMs pa3mepa (cM) U Beca (T) cydaka Ha JOCTATOYHO OOJIBIIOMN
npeacTaBuTeNbHOM BBIOOpKE (n=1813). Ha puc. 18. mpeacrarned BoIOOp (yHKIMOHATBLHON
3aBHCHMOCTH Beca OT pa3Mepa B BUje ypaBHeHus v2=a*v1”b, rae vl - pazmep pbiObl, V2 -
BeC pbIObL, a 1 b — KO3 PHUIHUEHTH PErPECCHOHHOIO ypaBHEHUS, MO0UpaeMble KOMITBIOTE-

pom.

E Uzer-Specified Regrezsion Function

‘:.pi Funchtion to be eztimated % lozs function | Ok |

Funchion: ¥Z2=a*¥1"b Cancel |

Lozs: [OBS-PRED]==2

Mizzing data: |Easewise j| sty El < !l

Puc. 18. OkHO onpeneneHust perpecCUHOHHON (DYHKIIMU TOTH30BATEIIEM.
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Pe3ynbTaThl MOATOHKM TEOPETHUYECKOW JIMHUM PETrPEecCUM K AMIHUPHUYECKUM JaHHBIM
npencTtanieHsl Ha puc. Koaddunument koppensuuu B 3ToM ciydae paBeH 0,989, a npu uc-

MOJIL30BaHUU JIMHEHHOM 3aBucumocty — 0,912 (puc. 15, 19).

Maodel: wZ=a"v1"b
y=(0,007 1638 =3, 183936)
11000

Q000 |

Fooo |

s000 |

BEC

2000

1000 |

-1000

20 20 40 50 &0 70 80
Puc. 19. Pe3ynabpTaThl NOJATOHKM TEOPETUYECKON CTETIEHHOM JINHUU PETPECCUM K AMITH-
PUYECKUM JaHHBIM.

YIIPAYKHEHHME 3.10. PerpeccuoHHbIi aHAIM3.

3ajganue. /[ng 3a7aHHOM COBOKYNMHOCTH TONApHO CBSA3aHHBIX 3HAYEHUN HECKOJIBKHX
IIPU3HAKOB MPOBECTH PETPECCUOHHBIN aHAIN3

HWcxonHble naHHLBIE.

1. ba3pl JaHHBIX 10 IE€TAM MJIQJIIIETO MKOIbHOTrO Bo3pacta (Ilpunoxenue 1)
2. basa maHHBIX 110 TUMHOJIOTHYECKUM TlapameTpam o3ep (IIpunoxenue 2).

3. JlnvHa 03epHOM JATYIIKU B CM (X) M UHIEKC JJIMHHOHOTOCTH (V):

x: 2 4 0 8 10 12
y: 2,1 26 26 24 22 20
fo 118 187 134 112 65 5
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4. Bo3pacT B rogax (x) ¥ CpeIHUMBEC B T (V) y OceTpa:

x 1 2 3 4 5 6 7 8
y: 49 82119150206 275 357 375

4. BoicoTa pacTeHuss B CM (X) W JJIUHA YallleYKd I[BETKAa B MM () y 3yOuaTKu
HO3IHEN:
x: 49,5 89,5 129,5 169,5 209,5 249,5 289,5
y: 4,57 4,66 480 496 5,10 499 525

Ilopsinok paboTHL.

1. B snextponnsix Tabmunax MS Excel n makere Statistica mOCTpOUTH AMAarpaMMbl
paccesiHus 3HAUSHH 10 Pa3InYHBIM MapaM MPU3HAKOB.
2. ITomoOpath K SMIUPUIECKAM 3aBHCUMOCTSM TEOPETUIECKUE JIMHUHU PETPECCHU.

3. Ocy1ecTBUTh BbIUMCIIEHUE (PYHKIIUH ITPHU PA3INYHBIX 3HAYEHUSAX apryMEHTa.

MHOXECTBEHHAs perpeccust

OO61iee Ha3HAYECHHE MHOKECTBEHHOUM perpeccuu (3TOT TEPMHUH OB BIIEPBBIC UCIIOJIb-
30BaH B pabote [Iupcona - Pearson, 1908) cocTouT B aHanmm3e CBSA3M MEKIY HECKOJIbLKHMH
HE3aBUCHMBIMH TEPEMEHHBIMU (Ha3bIBAEMBIMHU TAKXKE PErpeccopaMM WM NMPEIUKTOpaMH) U
3aBUCUMOM TnepeMeHHoW. Hampumep, eciim Mbl paccMaTpuBaeM 3aBHCHUMOCTb MEXIy Ouo-
maccoil epma (O6enTodar) u GpaxTopaMu BHEUTHEW CpPEabl, TO B JaHHOM cliydae Ouomacca ep-
IIa - 3TO 3aBUCUMasl NIepeMEeHHasl, a (PaKTOpbl BHELIHEH Cpelbl - HE3aBUCUMBbIE IEPEMEHHBIE
WIN TIPEAUKTOPbI (AOMOTHUCKUE — COAEp )KaHUE PACTBOPHOTO KUCIOpPOJa y 1HA; OMOTHYECKHE
— Owuomacca OeHToca, OMomacca XWIIHMKOB, Ouomacca OEHTO(AroB-KOHYpPEHTOB; AaHT-
POTIOTEHHBIE - MHTEHCUBHOCTH BBUIOBA).

Oty HH(pOPMAIMIO MOXHO HCIIOJIb30BaTh MPHU aHAJIM3€ C MOMOLIbI0 MHOKECTBEHHOH

perpeccun IJisl moCTPOCHUS PETPECCHOHHOTO YPABHCHUSA B CJICAYOIIEM BU/IC:

buomacca epma = 0.3*Kucnopon + 0.8*benroc - 0.4* XumHuku

-0.1*Konkypents! - 0.2*Bbuion
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B Ouonorun u 3K0JIOTHU TIPOLIETYPhl MHOXKECTBEHHOW PErpecCHH YpEe3BhIUAWHO IITH-
POKO HCHOJB3YIOTCS B UCCIENOBaHUAX. B 001emM, MHOXKECTBEHHAsl perpeccus Mo3BOJIsSET Uc-
CJIEIOBATENIO 33JaTh BONPOC (M, BEPOATHO, MOJIYYUTh OTBET) O TOM, "UTO SIBJISETCS JIy4LIUM
npeaukropoM Juis...". TepMuH "MHOKeCTBEHHas" yKa3blBaeT Ha HAJIMYME HECKOJIBKUX Ipe-

JTUKTOPOB WJIA PETPECCOPOB, KOTOPBIE UCTIOIB3YIOTCS B MOJIEIH.

Ananus BPEMCHHBIX PAO0OB

Cy1iecTBYIOT 1Be OCHOBHBIC 1I€TTH aHAIM3a BPEMEHHBIX psiioB: (1) ompeneneHue mpu-
poasl psiaa u (2) mporHo3upoBaHue (Mpenckazanue OyAayIlInuX 3Ha4eHU BpeMEHHOTO psijia 1o
HACTOSIIUM ¥ MPONUTBIM 3HadeHHsM). O0e 3TH menu TpeOyroT, 4TOOBl MOJENb psna Oblia
uaeHTU(UIIUPOBaHA |, OoJiee Ui MeHee, (hopMaibHO onucana. Kak ToJbKO MOJENb onpeie-
JIeHa, BBl MOXETE C €€ TIOMOIIbI0 HHTEPIPETUPOBATh pacCMaTpUBaeMble JaHHBIE.

Kak 1 60JBIIMHCTBO IPYTUX BUAOB aHAINM3a, aHAIW3 BPEMEHHBIX PSIOB Mpearoara-
€T, 4TO JaHHBIC COJIEP)KAT CUCTEMATHUECKYI0 COCTaBJISIONIYIO (OOBIYHO BKIIIOYAOLIYIO He-
CKOJIbKO KOMITOHEHT) M CIyYalHbIN IIyM (OmHUOKY), KOTOPBIA 3aTpyaHSIET OOHAPYKEHHUE pe-
TYJSPHBIX KOMIIOHEHT. BOJIBIIMHCTBO METOAOB MCCIEAOBAHUS BPEMEHHBIX PSIOB BKIIOYAET
pa3nuyHble crocoObl (GUIBTPALMU LIYyMa, MO3BOJSIONINE YBUAETh PETYISPHYIO COCTABIISIO-
Iyto 0oJiee OTYCTIURO.

BONBIIMHCTBO PETYISIPHBIX COCTABISIOUIUX BPEMEHHBIX PAIOB MPUHAIICKHUT K JIBYM
KJIaccaM: OHHM SIBJISIIOTCSL TUOO TPEHIOM, OO0 Ce30HHOU cocTaBisitomieid. TpeHa npeacrabis-
eT co0oii OOIIyI0 CHCTEeMAaTHYECKYI0 JMHEWHYIO WJIM HEJIHMHEHHYIO KOMIIOHEHTY, KOTOpas
MOYKET M3MEHATHCS BO BpeMeHH. Ce30HHAs COCTaBIISIONMIAs - 3TO MEPHOANYECKH TTOBTOPSIO-
niasicst komnoneHnTta. O6a 3TH BUAA PEryJIsipHBIX KOMIIOHEHT YacTO MPUCYTCTBYIOT B psAIE OJI-
HOBPEMEHHO.

AmnHanu3 BpeMEHHBIX ps/I0B peasin3oBaH B MoayJie Time series cucremsbl Statistica.
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4. MareMmaTndeckoe MOJAECIUPOBAHUE OHMOJIOTMYECKHX H JKOJOruue-

CKHX CHCTEM.

4.1. MO):[eJII/IpOBaHI/Ie KaK METOA UCCJICeJ0BAaHHUA CJI0KHBIX CHCTEM.

C TOYKH 3peHHsI CUCTEMHOT'0 MOJX0/1a, BCe OMOJIOTMYECKHE M IKOJIIOTHYECKHUE 00bEK-
Thl Ha JIIOOOM YpOBHE OpraHM3allMM SBJSIOTCS CIOXHBIMU cucteMamu. WX uccienoBaHue
OCYILECTBIIAETCS] B paMKaX CUCTEMHOI'O aHaJIN3a, OCHOBHBIM METO/IOM KOTOPOT'O CIIy>KUT MO-
JIeTUpOBaHHUE.

C nosiBneHHEM BBIYUCIUTENFHON TEXHUKH Iepesl OM0JIOTaMH M SKOJIOTaMH OTKPBUIUCH
HOBBIE€ BO3MOKHOCTH 3KCIEPUMEHTUPOBAHUS, TaK TPYJHO peaIu3yeMble B IPUPOIHBIX YCIIO-
BUSX. XapakTep 3TOro 3KCHEPUMEHTUPOBaHUA 0COObIi. OH MO3BOJISIET IPOU3BOIUTH OIBITHI
HE C NPUPOJHBIMU OOBEKTaMH, a ¢ UX MOAOOMSIMHU, MOJAEISIMM, OTPAXKAIOIIMMH IJIABHBIE
CBOWCTBA, CIIOCOOB! (DYHKITMOHUPOBAHUS U B3aUMOACUCTBUS, KAaK KUBBIX OPTaHU3MOB MEKIY
co00ii, Tak ¥ CO CpeIoi uX OOUTaHMUS.

MogenupoBaHieM Ha3bIBAE€TCSl N3yYEHUE CBOMCTB OJHOIO OOBEKTA IyTEM HCCIE0BA-
HUSI CBOMCTB JPYroro, UMEIOIIEro ONpeAeICHHOE CXOICTBO C MEPBbIM. TOT 00BEKT, KOTOPBIH
HEIOCPEACTBEHHO UCCIENYETCsl, IPUHATO HA3bIBaTh MOJEIBIO, @ TOT, K KOTOPOMY OTHOCHUTCS
BBIBO/] - OPUTUHAJIOM.

Ha monenn M0XHO M3yuyaTh TOJIBKO T€ CBOIMCTBA, KOTOPBIE HA HEE NEPEHECEHBI C OpH-
ruHajza. MojeaupoBaHue MO3BOJISET MacIITabupoBaTh BpeMsl (YHKIIMOHMPOBAHUS MOJEIb-
HBIX CHCTEM (COKpAIlaTh WM yBEJIMYMBAThH) U BBIABIATH "Oelble MATHA" B HALIMX MPEICTaB-
JeHUsIX 00 00beKTaxX HcciaenoBanus. Mojenb mpruodpeTraeT 0co0yro IEHHOCTh, KOT/Ia OHa T0-

3BOJISACT IPOTHO3UPOBATH UX ITOBCIACHUC.

4.2. Knaccudukanus MoJienei.

CymectByeT Oo0nbIIoe KOMMYECTBO Kiaccuukanuii mozenei. Hwke mpuBomutcs

OIIH U3 BApHUAHTOB KJ'IaCCI/I(I)I/IKaI_II/II/I MOJIeIeH 110 CHOCO6y HX pcain3aliuu:

MarepuanbHbie WneanbHble
1. 'eomeTpuuecku mo100HBIC 1. HedopmanuzoBanHbie
2. CybcTpaTHO OA00HbIE 2. YactuyHo (hopMannu3oBaHHBIC

3. Bnosise opmannzoBaHHbIE
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MartepuajinHbIe

I'eomeTpuyeckn momo6HBIE - MacmTaOHBIC, BOCIPOU3BOISIINE MPOCTPAHCTBEHHO-
TreOMETPUYECKUE XapaKTEPUCTUKU OpPUTHHAJIa OE30THOCHUTENIBHO K €ro cyocTpary (MakeTsl,
MYJISDKHA OPTaHOB KUBOTHBIX M PACTEHHIA U JIp. ).

Cy0cTpaTHO-NIOI00HBIE - BOCTIPOM3BOSIINE ¢ MAaCIITAOMPOBAHUEM B IIPOCTPAHCTBE
¥ BPEMEHHU CBOWCTB M XapaKTEPUCTUK OpUTHHAJNA TOH K€ MPUPOJBL, YTO U MOJAEIb (aKBapHy-

MBI, Uyuelna )KMBOTHBIX, repOapuu u 1p.).

HedopmannzoBanasie

KonuenTyaanue - CUCTCMBI Hpe,[[CTaBJ'IeHI/Iﬁ 00 00BEKTE OpUTrHHAJIC, CIIOKUBIINCCIA

B YCJIOBCYCCKOM MO3Ty.

Yactuuao GopMaaIn3oBaHHbBIE

BepbaabHble - onucaHue CBOMCTB U XapaKTEPUCTUK OPUTHHAIA Ha HEKOTOPOM ecTe-
CTBEHHOM S$I3BIKE.

I'paduyeckne HKOHMYECKHE - CPEICTBAMH TpadUKH MPEICTABISAIOT YEPThI, CBONCT-
Ba U XapaKTEPUCTUKHU OpUTHHANIA, peaJbHO WM XOTA Obl TEOPETHYECKH NOCTYIHBbIE HEMO-
CPEICTBEHHOMY 3PHUTEIHLHOMY BOCIPHUATHIO (M300pa)KEHUS >KUBOTHBIX U PACTEHUH, reorpa-
(duueckue KapThl U 1p.).

I'padguyeckue ycaoBHBIE - BOCIIPOU3BOIIT CPEACTBAMHU TpaUKH CBOMCTBA M XapaK-
TEPUCTUKH 00BEKTa-OpUTHHATIA, KOTOPHIE Jake B MPUHIUIE HE MOTYT HAOMIOJAThCS BHU3Y-
anpHO. K unciny mogoOHBIX MOIeIeil OTHOCSTCSI BCEBO3MOXKHBIE TpadUKH, TUarpaMMBbl U CXe-
MBI, THCTOTPAMMBI, ()a30BbIC TIOPTPETHI I HOMOTPAMMBI TIOJTYYCHHBIE B Pe3yJIbTaTe HAOIO/IC-

HUM 1 KCTIEPUMEHTATILHBIX UCCIIEOBAHMI.

Booase dopmanuzoBanHbie

I'padoananuTuyeckue - 6JI0K-CXEMBI, B KOTOPBIX CTPYKTypa CHCTEMBI 33/1aeTcs Ipa-
budecku (OI0K-CXeMa SKOCUCTEMBI C YKa3aHHEM CTPYKTYPOOOPa3yIOIINX CBS3EH).

AHanuTndeckue. [Ipy aHaTUTHYECKOM MOJEIMPOBAHUU TOT WM WHOW MPOIECC BBI-
pakaeTcst mudepeHIaIbLHBIM YPAaBHEHUEM I CHCTEMOM TaKMX YpaBHEHUH (perpeccHoH-

HBIC MOJICTH, MOJISTTH POCTa MOMYJISAIIANA, MOJACIb "XHIIHUK-KepTBa" U Ap.).
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AHaIUTUYECKOE MOJEIMPOBAHNE UMEET JBa HeaocTaTka. [lepBblid U3 HUX 3aKJIIOYAET-
Cs B TOM, YTO €CJIM W YJIa€TCs OMHCcaTh OMOJIOTHYECKUE MPOIeCcChl cucTeMamMu auddepeHIu-
aJBHBIX YPAaBHEHHM, TO PEIINTh MX YacTO OBIBAET CIMIIKOM 3aTpyaHHTENbHO. HO riaBHBII
HEJIOCTATOK HE B 3TOM. MHOTHE >KU3HEHHBIE MPOIECCHl JUCKPETHBI MO CYIIECTBY U COCTOST
13 MaJIO TIOXO0XKHX MEXKIy co00i ¢a3. Mexay TeM B OCHOBY aHAIMTHYECKOTO MOJICTUPOBAHUS
MOJIOKEH MOAXO0J HEMPEPHIBHOCTH.

AnropurMuyeckre (MMHMTAIMOHHBIE) MATEMAaTUYECKUE MOJICNIA. B HUX 3JIEMEHTHI U
MPOIIECCHl OPUTHHAIA OMUCHIBAIOTCA A0CTPAKTHBIMU CHMBOJIAMH U OTEPAlUSIMHU HaJl HUMHU.
[Ipy UMHUTAIIMIOHHOM MOJEIMPOBAHUM JIOTHYECKAs CTPYKTypa HCCIEIyEMOTO SIBIICHUS, TO-
CJIEIOBATENILHOCTh MPOTEKAHMS B HEM IPOIIECCOB U cocTaB MHpopmaiuu coxpansiorcs. [Ipu
ATOM IOBEJICHUE CUCTEMBI B LIEJIOM M3y4YaeTCd Ha OCHOBAHMM MOBEICHHS €€ 4acTel M B3au-
MOJCHCTBUS MEXKYy STUMH YACTSIMH.

AHaJ'II/ITI/I‘IeCKI/IG 1 UMHUTAIIUOHHBIC MOACIIN 06T)CI[I/IH$IIOTC$I B r‘pynny MAaTEMATUYCCKUX
MOJICIIEN.
Kpome BrienpuBeieHHON KinaccuUKaMi MaTeMaTHYeCKUE MOJIEIH MOXHO pasfe-
JIMTh HA HCCKOJIBKO aJII:TepHaTI/IBHLIX prHHZ
® HEIPEpBIBHBIE, JUCKPETHLIE,
® JIETCPMUHUPOBAHHBIEC, BEPOSITHOCTHBIE (CTOXACTUYECKUE);

® TOUYCYHBLIC, IPOCTPAHCTBCHHBIC.

Yupaxuenne 4.1. Knaccupuxauust momesei.

3ananue. KnaccudunupoBats Mozenu, MpUMEHsIeMbIEe B Ipoliecce U3ydeHus: Ouoio-

THYCCKHUX HJIM SKOJOINYCCKUX AMCIHUIIIMH Ha 1-3 Kypcax (I)aKy.]'ILTCTa.

TlopsiIOK BLINOJHEHHU.

1. 3amoyHUTh COOTBETCTBYIOLME AHKETHI (CM. MpuiiokeHus 3, 4) B pemakrope MS
Word, ucnone3yst cxemy kiaccuuKaniyg MOACIICH 10 ClIoco0y MX pean3aliiy.

2. BbIIBUTH OCHOBHBIE 3aKOHOMEPHOCTH NMPUMEHEHUS! Pa3HOTUIIHBIX MOJeNell B pas-
JMYHBIX LUKIAX AACIUILIIH.

3. JlaTb NpeaoKeHus 0 BBEICHUIO B yU€OHBIN MPOLIECC HOBBIX MOJIEIEH.
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4.3. MoaeaupoBaHue NOmMyJIsIHIA.

AHanuTH4ecKne MOJEIH POCTa IOMYJISIINI

OnHOI U3 IPOCTEHIIMX MOJIENIEH POCTa MOMYJISIINAN SBIISETCS MOJAETh, 3aaHHast aud-
(epeHIMaIbHBIM YPAaBHEHUEM

dN

—=rN
dt

rze N - 4UCIeHHOCTh MOMYJISIMA B MOMEHT t, a I - KOO PHUIHUEHT POKIaEMOCTH.
WaeMu cnoBamu CKOPOCTh YBCIMYCHHA YUCIICHHOCTH IMOIYJIALIUA IMPOIMOPILIMOHATIBHA
camoit uucieHHoctu (N) u xkoaddummenty poxmaaemoctu (r). ITo Ke ypaBHEHHE MOXKHO

MMpEaACTaBUTL B BUJIC AKCIIOHCHIMAILHONU MOICTIHN PpOCTa MOITYJIAIUN:

N=Ny"

rac N() - UUCJICHHOCTb B MOMCHT BpPCMCHHU.

[TogoOHBIE MOIENTM TPUMEHSIOTCSI B MUKPOOUOJIOTHH, AeMorpaduu, a TakKe MPU OIH-
CaHWU JMHAMHUKHU YUCICHHOCTH OJTHOKJIETOYHBIX BOJOPOCIICH M KUBOTHBIX, Ui KOTOPHIX Ha
HCKOTOPBIX IJTallaX HUX KU3HCHHOI'O IMKIJIA IICfICTBHTCJH:HO MOXHO Hp€H€6pe‘-Ib BIIMAHUEM

CMepTHOCTH. bosiee peaibHO OMMCHIBAET POCT MOIYJIALUI JIOTUCTUYECKAsS MOJIEINb:

Ynpaxnenue 4.2. Moae/impoBaHue pocTa NMOMyJIsIIHIA.
3amanue. Co3naTth B AMEKTpOHHBIX Tabmunax MS Excel u Ha s3pike balicuk mozens
9KCIIOHCHIIMATBFHOTO M JIOTUCTUYECKOTO POCTa MOMYJSIUH. B 3JIEKTPOHHBIX Ta0IHIaX TO-

CTPOUTH rpa@uK AMHAMUKH YUCICHHOCTH.

I/IMI/ITaI_[I/IOHHI:IG MOJACIN JTMHAMHWKHW YHUCJICHHOCTH HOHVJ’IHHI/II\/‘I

PaccMoTpuM Ha mpocteiiiieil UMUTAIIMOHHON MOJENN TOMYJISIIIUA OCHOBHBIE ATallbl

MOACIINPOBAHUA ouocucteM. B kauecTBe 00BEKTA MOJCIIMPOBAHUS MTPpEAJIAracTCsa HUCIIOJIb30-
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BaTh TMOIYJISAIMIO CHETKA, HEOOJBIION MO0 pa3MepaM KOPOTKOIIMKIOBOW PHIOBI M3 CeMEMCTBa
KOPIOLIKOBBIX. DTO OOBIYHBIN oOUTaTeNns Bogoxpanmiunil Bepxueit Boiru.

IMocTanoBka 3axaun. MoenupoBaHie OTIENbHBIX HOIMYJISIUA ppIO TPOBOAUTCS, KaK
IIPaBUJIO, JUISl UCCIIENOBAHMS UX JIMHAMMKU YUCICHHOCTH. B maHHOM cilydae mMozens paspa-
0oTaHa JUIsl aHaJIM3a AMHAMUKU YMCICHHOCTHU MOIMYJISILIAY, ONpeNeIseMOi HETMHEHHON 3aBH-
CHUMOCTBIO MEKIY KOJIMYECTBOM OTJIOKEHHON MKpBI (MOMYJISILIMOHHOMN IJI0IOBUTOCTHIO) U KO-
JIMYECTBOM IOSBUBILENCS U3 HEE MOJIOJU.

Onpenesnenne coctaBa W CTPYKTYpBI MojeaupyeMou cucreMmsl. s 3TOM 1enu
yIOOHO WCIIONB30BaTh OJOK-CXeMy — Trpaduueckoe M300paKCeHHE OCHOBHBIX 3JIEMEHTOB H
(YHKLIMOHAJIBHBIX CBA3€H OpUIMHANA, NMEPEHOCUMBIX Ha MoAenb. DyHKIMOHAIbHBIE CBS3U
MOTYT OBbITh IPSAMBIMU U 00OpaTHbIMHU. IIpsiMast cBsI3b yBeJIMUYMBAET MEPBOHAYAIBLHOE BO3JIEH-

ctBue. OOpaTHas CBsI3b YMEHbBILIACT NIEPBOHAYATIBHOE BO3/ICHCTBUE.

E

1 = 2 = 3

Puc. 20 . briok-cxema nmomysisiiui KOPOTKOIUKIOBOM PHIOBI.

Boioop Tuna moaenu. OObIYHO pa3pabaThIBAIOTCS UMHUTAIIMOHHBIC MO HaJAOpra-
HU3MEHHBIX CUCTEM, IIPH 3TOM HE MOCIEAHIOI0 POJIb UTPAET HU3KAsI TOYHOCTh OMOIOTHYECKUX
JAaHHBIX U SaBHCHMOCTefI, KOTOpast MHOrJa IMO3BOJISACT OLCHUTL COCTOAHUC DJICMCHTOB U3Y-
YaeMOM CHCTEMBI JUIIL HAa KaYeCTBEHHOM YPOBHC. I/IMI/ITaHI/IOHHoe MOZACIINPOBAHUC DKOCHU-
CTE€M HEMOCPEACTBEHHO CBSI3aHO C MPOrpaMMHON peann3anneii Ha DBM.

Bbi0op mara moaeaupoBanus. [lepexoq UMUTAIIMOHHOW MOJIENH U3 OJTHOTO COCTOSI-
HUA B CICAYHOHICC OCYHICCTBIACTCA B JUCKPCTHBIC MOMCHTBI BPCMCHU, PACCTOAHUC MCKIAY
KOTOPBIMH HA3bIBACTCA BPCMCHHLIM IIIAarom. BI)I60p BCJIMYMHBI BPpECMCHHOI'O IIara sBJIACTCA
OTBETCTBEHHBIM MOMEHTOM TpU MOCTPOCHUH MOJEINH, TaK KaK BCE MPOLECCHI, XapaKTepHbIE
BpeMeHa KOTOPBIX OKA3bIBAIOTCS MEHBIIIE BETMYMHEI 11ara, BhIMaIaloT U3 paccMoTpenus. Ha-
mpumMcep, B MOJCJIN C HIarom 1 roa HE MOryT 6I:ITL YUYTCHLBI CC30HHBIC MUT'PAIIUH JKUBOTHBIX.

3agaHue mepeMEeHHbIX H KOHCTAHT MoJeaH. VneHTudukaropaMu sBISIOTCS Ha3Ba-

HUA IEPEMECHHBIX U KOHCTAHT, UCIIOJIB3YEMBIX B aJITOPUTME U IIPOTrpaMMeE.
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Taomnuma 13

Crmcok NEPEMCHHBIX U KOHCTAHT MOZCIIU MOITYJISINUKU CHETKA.

Ha3Banus Kparkas xapakrepucTuka
N1 YucneHHOoCTh NepBOM BO3PACTHOM T'PYIIIBI.

N2 UucaeHHOCTh BTOPOW BO3PACTHOM T'PYIIIBI.

N3 HUuCneHHOCTh TPEThEN BO3PACTHOM IPYIIIBL.

Ks NuauBuyanbHas I0I0BUTOCTD.

E [TonynsiuroOHHAs TIJI0I0BUTOCT.

a,b Koaddunments: B hopmyne Pukkepa

Pa3pabGorka anropurMa mMoaeau. AJrOPUTM - 3TO CUCTEMATU3UPOBAHHOE OMUCAHUE

ueneHanpaBneHHoﬁ OCJIICA0OBATCIBbHOCTHU HeﬁCTBHﬁ. B umuTanmonHom MOJCIIMPOBAHUUN aJl-

TOPUTMOM HA3LIBACTCS OIMPCACIICHHAA MOCJICIOBATCIbHOCTE IMPUMCHCHUA (bOpMy.H n ,Z[GI>'ICT-

BUH Haa BCJIIMYMHAMU, ITO3BOJIAIOMIAsA NEPEXOAUTh MOJACIN OT OAHOTO COCTOSAHUA K APYIroMYy.

Huxe npuBoauTCS alnropuT™ paboThl MOJENN MOIMYJISIUA CHETKA:

Tabauua 14

AHFOpI/ITM MOZCIIN MOITYJIINUU CHETKA.

Dopmy.ibl IHosicHeHHs K AJITOPUTMY

E = N{(1-m)Ks [TonynsuyoHHAas MIOAOBUTOCTh PaBHA NMPOU3BEICHUIO YKCIIa OCTaB-
IIMXCS B KHBBIX TPEXTOJOBAIBIX 0COOCH HAa MHIMBHUIYaIbHYIO IUIO-
JIOBUTOCTb.

N =Ni(1-m) UucneHHOCTh TPEThEW BO3PACTHOM TPYIIbI Yepe3 roj paBHA YHC-
JIEHHOCTH OCTAaBIIMXCSA B KUBBIX JIByXI'OJIOBUKOB.

NI =N/ (1-m) UucieHHOCTh BTOPOM BO3PACTHOM I'PYIIIBI Ye€pe3 TOJ paBHA YUCIICH-
HOCTH OCTAaBILMXCS B )KUBBIX T'OJJOBUKOB.

Ecmu E>E, Ecamn xonnuecTBO MKPhI NPEBBIIAET KPUTHIECKOE KOTUYECTBO

0 N[ =N, TO YUCJIEHHOCTh MEPBOM BO3PACTHOM I'PYMIBI Ye€pe3 IOl paBHA KpH-

THYECKOH YHUCJIICHHOCTHU,

unave N{"' = aFe™”

MHaYe pacueT M0 ypaBHEHUIO Pukkepa.
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I[IporpammupoBanme. [Ipexae yem nucatb CBOM COOCTBEHHBIE MPOTPaMMBbl, HEOOXO-
TUMO HAy4uThCS "UWTaTh"' W MOHMMATh TEKCT TOTOBBIX MPOTPaMM, PEATHU3YIOIIUX MOIEIU
OMOCHCTEM Pa3HOM CTETICHU CIIOXKHOCTH.

Hwmxe npuBoautces nporpamMma Ha beicuke.

10 REM HMmurannonHas Moenb nomyisiun cuetka (¢aiin Popul.bas)
20 REM Asgrtop - B.B.MenuyTkun
300 RIEIML % kel et ks e e e et okl s e e okl s st o ookl
40 CLS ' Ouncrtka 3kpaHa
50 INPUT " CmeptHOCTH (1poba 0.3) " M
60 INPUT " IlmomoButocts (mpoda 1000) " Ks
70 INPUT " KpuTtnueckoe 4ucio UKpUHOK Ha HepecTuiumax (mpoda 200000) " Ek
80 INPUT " CootBerctBytoriee yrcio Moioau Nk (mpoba 100) " Nk
90 INPUT " Koaddumment 'ansda’ B popmyne Pukkepa (mpoda 0.03) " Alfa
100 PRINT
110 OPEN "Tabl.txt" FOR OUTPUT AS #1
120 Beta=(-1/Ek)*LOG(Nk/(Alfa*Ek))
130 IF Beta> 0 THEN 170
140 Beta=1/Ek
150 Alfa=2.71823*Nk/Ek
160 PRINT " V Bac nonmyuniace kpuBasi buseprona-Xosra "
170 PRINT " V Bac nomyunnach kpuBasi Pukkepa "
180 PRINT
190 INPUT " Haxxmute knaBuiry Enter mmst npogosmkenust padotsl moaenu", Enter
200 CLS
210 REM HauanbHble YHCIIEHHOCTH BO3PACTHBIX TPYMI
220 N1=300
230 N2=200
240 N3=100
250 REM Cpennuii Bec 0cobeit BO3paCTHBIX TPYTIIT
260 W1=2
270 W2=4
280 W3=7
290 PRINT "T'omx NI N2 N3 Cymma B P PB"
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300 PRINT #1, "Ton N1 N2 N3 Cymma B P PB"

310 FOR Y=1 TO 20 ' I{ukxa 1o rogam

320 E2=Ks*(1-M)*N3

330 N3=N2*(1-M)

340 N2=N1*(1-M)

350 IF E2 > Ek THEN N1=Nk

360 IF E2 <= Ek THEN N1=Alfa*E2*EXP(-Beta*E2)

370 B=N1*WI1+N2*W2+N3*W3 ' buomacca

380 P=(W1/2)*(N1+N2)/2-+(W2-W1)*(N2+N3)/2+(W3-W2)*(N3/2)/2 ' [Ipoxykmus
390 78 = "H#it HitHHEE T I S AR T
400 PRINT USING Z8$; Y,N1,N2,N3,N1+N2+N3,B,P,P/B

410 PRINT #1, USING Z$; Y,N1,N2,N3,N1+N2+N3,B,P,P/B

420 NEXTY

430 CLOSE #1

440 END

Oriaaka nporpamMmsl.

HUnentuduxanus Mmoaean. Ha 3axmounTeIbHOM 3Tare MOJACTUPOBAHUS HEOOXOIMMO
OCYIIECTBHUTH MTPOBEPKY COOTBETCTBHUS (2JIE€KBATHOCTH) MOJIEIH OOBEKTY-OPUTHHATY.

Hcnonb3zoBanne monean. I[loctaHOBKa 3KCIEPUMEHTOB, IIPOrHO3, ONTUMHU3ALMS U
T.J.

B belicuke umeroTcst 10CTaTOYHO pa3BUTHIE Tpaduueckue GyHKIIUHA, HO I aHAH3a
pE3yJIbTaTOB SKCIIEPUMEHTAIBHOM PadOThl ¢ MOJEBIO JIydllle BOCIOJB30BaThCs Tpadude-
CKUMH BO3MOXKHOCTSIMH 3JIeKTpoHHbIX Tabnuiy MS Excel wnu makera Statistica. [y aToro
HEOOXOIMMO OPraHW30BaTh HKCHOPT BBIXOAHON WH(OpPMAIMKM MOJEIH B BUAE TEKCTOBOTO
¢aiina B COOTBETCTBYIOIIHI MaKeT.

BrIBOI pe3ysIbTaTOB 3KCHEPUMEHTAIBHOIO U3YyUYE€HHSI MOJEIN POU3BOIUTCA B
TeKcTOBOM (paiin "Tabl.txt", KOTOpHI B qambHeHIIIEeM MOXKET ObITh TIOJABEPrHYT aHAIHU3Y

B MS Excel nwim moyne "AHann3 BpeMeHHBIX cepuil” makera Statistica.



Tabmauma 15
Toabl N1 N2 N3 Cymma P P/B

1 501 210 140 851 2822 811 0.29
2 395 351 147 893 3223 981 0.30
3 376 277 246 898 3577 1033 0.29
4 153 263 194 610 2714 810 0.30
5 253 107 184 544 2223 609 0.27
6 277 177 75 529 1787 535 0.30
7 538 194 124 855 2719 776 0.29
8 440 376 136 952 3335 1022 0.31
9 408 308 263 980 3893 1127 0.29
10 127 286 216 628 2906 869 0.30
11 206 89 200 495 2167 586 0.27
12 239 144 62 445 1490 445 0.30
13 536 167 101 804 2447 695 0.28
14 499 375 117 991 3318 1017 0.31
15 459 349 262 1071 4153 1213 0.29
16 128 321 245 694 3253 974 0.30
17 154 90 225 469 2242 605 0.27
18 188 108 63 359 1248 366 0.29
19 536 132 76 744 2129 598 0.28
20 537 375 92 1005 3221 993 0.31
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YIIPA’)KHEHHUE 4.3. DxcnepuMeHTA/IbHOE HCC/IeJOBAHNE NMUTALIMOHHON MO/e/ U MO0~
NyJISIUH.
3aganue. MccnenoBaTh TMHAMUKY YHMCIECHHOCTH MOJIEIBHOM momyisiuu. MeHss 3Ha-
YEeHHs BXOJHBIX MapaMeTPOB MOJAEIM MOJIYYUTh Pa3IN4YHbIE THUIIbl AMHAMHUKU UYUCIECHHOCTH
HOIYJIAUN CHETKA: BBIMHpAHHE, MEepUOJUUEcKUe KosieOaHus ¢ pa3HOW aMIUIUTYIOH, 3aTy-
XaroIue KojaeOaHusIM ¢ TIEPEX0/I0M B CTAIIMOHAPHBIN PEXUM.

TTopsinok paboThL.

1. Tlpoananu3upoBaTh TEKCT mporpamMmbl. HaiiTu O10kM BBOJA MCXOIHBIX JTaHHBIX,
00paboTku nHbOpMaIuu, BBIBOAA PE3YIbTATOB.

2. 3anmyCTUTh MPOrpaMMy Ha BBITIOJHEHUE. 3aJaTh 3HAYCHHUS BXOIHBIX ITApaMETPOB.
CKonmupoBaTh Pe3yJIbTaThl SKCIIEPUMEHTA U3 TEKCTOBOTO (aitna "Tabl.txt" B a5ekTpoHHBIC
TaOJINLIBI.

3. [TocTpouTth MMHEHHBIC TPAPUKU TUHAMHUKH YUCIICHHOCTH BCEX BO3PACTHBIX TPYII U
TOMYJISIIUY B LEJIOM.

4. TlocTpouTh cTONOYATYI0O HOPMHUPOBAHHYIO IHArpaMMy JMHAMHUKH BO3PACTHOU

CTPYKTYpbI MOMYJIALNH.
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5. Cnenath BBIBOJIBI 00 aJ€KBAaTHOCTH PEAKIIUUA MOJEIN Ha BO3MYIIIAIOIINE BO3ICHCT-

BU.

4.4. MoaeJaupoBaHHue COOOIIECTB.

BolusieHeHne 13 3KOCUCTEMBI JUIsl aHAJIN3a OTAENIBHBIX MOMYJISIUN U N3YYEHHUE UX ITy-
TEM MOJIEIMPOBaHMsI METOJMYECKU BIIOJIHE OIpaBAaHO. B cBoe Bpems Takol MoJaxo[ MO3BO-
JIWJT CWIIBHO MPOJABUHYTH BIIEPE]] HAIIM NIPEICTABICHUS O TMHAMUYECKON CTOPOHE MPOTyKIIH-
OHHBIX MPOLECCOB B 3KOcHUcTeMax. He moTepsis1 OH akTyanbHOCTH U ceiuac. OHAKO HEKOTO-
past 01HOOOKOCTh TAKOTO MOAX0Ja YXKE CTajia BIOJHE 04eBUIHONU. CyTh 3KOCUCTEMHOT0 00-
pa3a MBIIIICHUST COCTOUT B MPHU3HAHUU (PYHKIMOHATBHON 3aBHCUMOCTH TOMYJISIIUAN APYT OT
apyra. OTy 3aBUCHUMOCTb M €€ BIMSHHE Ha KaXAyI0 OTIEIbHO B3SITYIO MOIYJISIHIO HEBO3-
MO>KHO UTHOPHUPOBATb.

3aKOHOMEPHOCTH 3aMEUICHMsI OJHUX BUJOB JAPYTMMHU B IPOLECCE CYKIECCHUM 3KOCH-
CTEMbI HEBO3MOXKHO IMOHATH, HE PacCMaTpUBasi COMPSHKEHHOW TWHAMHKH TOIYJISIIA B CO00-
niecTBe. IT0 OOCTOATENBCTBO MPEIONPEENINIO BOSHUKHOBEHHE LIEHOTUYECKOTO IMOAX0/1a B
M3YUYEHUU TUHAMHUYECKHX MPOLECCOB, MPOUCXOASIINX B BOJHBIX U HA3E€MHBIX 3KOCHUCTEMAX.
CyTb €ro 3akiIto4aeTcsi B TOM, YTO 3KOCUCTEMA pacCMaTPUBAETCS HE MPOCTO KaK B3aUMOJAEH-
CTBHE MHOJKECTBA OTJEJbHBIX MOMYJISAIHHA, a KaK B3aUMOJICHCTBHE MOJICUCTEM - COOOILECTB,

BHYTPHY KOTOPBIX MOIYJIALUN CBA3aHbI HaK0o0JIee TECHO.

MonennpoBaHie IBYXBHIOBBIX cO00IIeCTB (crucTeM "XUIMHUK-KepTBa').

AHanUTUYECKUE MOJENU MapHBIX B3aUMOACHCTBUIA MOMYJIANUNA OEpyT CBOE HAYalO OT
ypaBHeHuit JIotku u BonbTeppsl, npeioxkeHHbix emie B 20-e roapl nmpouwioro croyerus. [1o-
3TOMY, €CTECTBEHHO, YTO MMEHHO 3TH YpaBHEHHs JIETJIM B OCHOBY IpeJularaeMoid MOJIENH.
Ecnu N - uncineHHoCTh xepTB U N, - YHUCIEHHOCTh XUIIIHUKOB, TO COOTHOIIIEHUE MEXIY HU-

MU UMCCT BU/.

le/dt = I'1N1 - CN1N2 sz /dt = kCN1N2 - mzNz

rae 1y, ¢, k, my - koo purmeHTsI.
brosormyeckyio CyniHOCTh IMEPBOTO YPaBHEHHS HAJ0 NMOHUMATH CICAYIOIIAM 00pa-

30M. 3MeHeHHe YHCIIEHHOCTH JKEPTB CJIara€tcd M3 PasMHOXCHUA, NPOINOPHHUOHAIBHOTO
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YyHuCclly 0coOei, U BbleJaHMsI, MPOMOPIHOHAIBHOIO MPOU3BEACHUIO YHUCICHHOCTEH KEepTB U
XUIIHUKOB. [IpupocT 4ncneHHOCTH XUITHUKOB (BTOPOE YpaBHEHHE) MOJIAraeTcs MpornopIuo-
HaJIbHBIM YHUCITY ChEICHHBIX XEPTB, MPUUYEM YUUTHIBACTCS €CTECTBEHHAsI CMEPTHOCTH XMIII-
HUKOB my.

[Iporpamma peanuzyer cuctemy aud@epeHalIbHbIX YpaBHEHUI IPH MOMOLIHN 3aMe-
HBI POU3BOIHBIX KOHEUYHBIMU Pa3HOCTSAMH. CIeNaHo 3TO caMbIM TPYObIM METOJOM, T.K. TOU-
HOE pelIeHne CUCTEMbI Hac He uHTepecyeT. 1o cymiecTBy Bes MOZeNb pacnojaraercsi B CTpo-
kax 170-190 nporpaMmsbl, BC€ OCTAILHOE - 3TO OpraHU3alMs BBOJIA UCXOAHBIX JAHHBIX, YCTa-

HOBJICHHE HaYaIbHBIX 3HAUYCHUMN U MMpeaACTaBJICHUEC PC3YJIBTATOB.

10 DIM N1(200), N2(200), D$(20)

20 R1=.1:K=.02:M2=.01: C=100

30 PRINT "Cxkopocts pocta xeptB "; R1

40 INPUT "Usmenuts (Y/N)"; Y$

50 IFY$="Y"THEN INPUT R1

60 PRINT "MuTeHCHBHOCTS XumHaKnYecTBa "; K

70 INPUT "Usmenuts (Y/N)"; Y$

80 IF Y§="Y"THEN INPUTK

90 PRINT "CmepTHOCTD XHMITHUKOB "; M2

100 INPUT "Usmenuts (Y/N)"; Y$

110 IFY$="Y" THEN INPUT M2

120 IFK>O0THENNI1(0)=1.2*M2/K ELSENI1 =100
130 N2(0)=R1/(K*C)

140 MINT1 = 10000: MIN2 = 10000

150 MAX1=0: MAX2=0

160 FORI=0TO 199

170 CON =K * NI(I) * N2(I):

180 NI1(I+1)=NI1(I) *(1+R1)-C* CON

190 N2(I+1)=N2(I) * (1 -M2)+ CON

200 IFNI1(I+1)<.0001 THEN N1(I+ 1)=.0001
210 IF N2(I+1)<.0001 THEN N2(I + 1) =.0001
220 IFNI1(I+1)>MAXI1 THEN MAXI1 =NI1(I+1)
230 IF N2(I+1)>MAX2 THEN MAX2 =N2(I+1)
240 IFNI1(I+1)<MINI THEN MIN1 =NI1(I+1)



250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
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IF N2(I + 1) < MIN2 THEN MIN2 = N2(I + 1)
NEXT I

FOR J=1TO 20

DS$(J) = STRINGS$(60, ".")

NEXTJ

FOR1=1TO 200 STEP 4

S1=1+INT(19 * (NI(I) - MIN1) / (MAX]1 - MIN1))
F=1+INT(/4)

MID$(DS$(S1), F, 1) = "X"

S2=1+INT(19 * (N2(I) - MIN2) / (MAX2 - MIN2))
MID$(D$(S2), F, 1) = "*"

NEXT I
FORJ=20TO 1 STEP -1
K$:" |u: K1$:u| "

IF ] = 19 THEN K$ = LEFT$(STR$(MAX1), 6)
IF ] = 19 THEN K18 = LEFT$(STR$(MAX2), 6)
IFJ=20 THENK$ =" NI|"

IFJ=20 THENKI$="|N2"

PRINT K$ + D$(J) + K1$

NEXTJ

INPUT "PHASE DIAG (Y/N)"; L$
FOR J=1TO 20

D$(J) = STRINGS(40, ".")
NEXTJ

FOR 1= 1TO 200 STEP 4
F=1+INT(/4)

S1=1+INT(39 * (NI(I) - MIN1) / (MAX]1 - MIN1))
S2=1+INT(19 * (N2(I) - MIN2) / (MAX2 - MIN2))
F$ = STRS$(F)

IF LEN(F$) < 2 THEN F$ =F$ + "."

MID$(D$(S2), S1, 3) = F$

NEXT I

FOR J=20TO 1 STEP -1

IF ] =20 THEN K$ = "N2" ELSEK$ ="| "
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590 PRINT K$ + D$(J)

600 NEXTJ

610 PRINT" "
620 END

IIpu nepBoM 3HAKOMCTBE C IIPOrpaMMOM PEKOMEH/Y€eTCsl HE U3MEHSTh €€ IIapaMeTpoB,
a UCMOJIb30BaTh TECTOBBIA BapuaHT. Bbliaya pe3ynbTaToB OCYLIECTBISETCSA B BUAE JIMHEHHO-
ro rpaduka COnpsHKeHHOM TMHAMHUKH YUCICHHOCTHU JBYX MOIYJISALUUI U (a30BOU TUarpaMMel

(puc. 21). JInHaMUKY YHCIICHHOCTH MOKHO MPEACTaBUTh U B cUcTeMe Statistica (puc. 22).

Puc. 21. ®a3oBas auarpaMmMa JUHAMUKH CUCTEMbI ""XHUIIIHUK-KepTBA".



065

0,60

HHUCNeHHOCTE #ERTERI

0,35

0585
050
045

0,40

1] 20 40 G0 a0 100 120 140 160 180 200 220

82

0,054
{0,083
10,052
10,051
10,050

10,048

HHUCNeHHOCTE XMWHKHES

10,048

10,047

0,046

[0k
— HepTea ---- HHUWHKE

Puc. 22. Jlunamuka 4MCI€HHOCTH NOMYJISIIUNA KEPTBBI M XUIIHUKA.

YIIPA’KHEHHUE 4.4. DxcniepuMeHTaJbHOE HCCJIeJOBAHNE HMUTALMOHHON MO/e/In

cUcTeMbl "'XMIIHUK-KepTBa' .

3agaHHe. HccnenoBathb ANHAMHUKY YHUCJICHHOCTU CUCTCMBI IBYX B3aHMOHeﬁCTBYIOHlHX

HOHYHXHHfI. Menss 3aaueHus BXOAHBIX MMapaMETPOB MOACIIN ITOJIYUUTh PA3JIMYHBIC BAPpHAHTLL

COprI)KCHHOfI JUHAaMHKHW YHUCJICHHOCTH.

ITopsimok paOoTHL.

1.

HpOaHaJ'II/IBI/IPOBaTB TCKCT IIPOrpaMMBI. Haiitu G1oxu BBOJa HMCXOJHBIX JaHHBIX,

00paboTKu HHGOPMAITUH, BBIBOA PE3YIHTATOB.

2. 3amycTuTh NporpaMMy Ha BBINOJIHEHHE. 3aJaTh 3HAUEHHUS BXOJIHBIX TapaMeTPOB.

3. IlocTpouts nuHelHbIE rpadUKU JUHAMUKY YUCIEHHOCTH MOMYJISIIUN XUIITHUKA U

JKCPTBBI.

4.

BU.

CrenaTp BBIBOJIBI 00 aJIEKBATHOCTH PEAKIIMKM MOJIEIM HAa BO3MYIIAIOIIUE BO3CHCT-
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Moies1b MHOTOBHJIOBOTO COOOIIIECTRBA.

K MHOTOBHIOBBIM OTHOCSITCSI COOOILECTBA C KOJIMYECTBO BHIOB OoJibIle JBYX. B Ha-
CTOSIIIIEM pazJielie pacCCMaTPUBACTCS] OUEHb YIPOIECHHAsS MOJEh MHOTOBHIOBOTO COOOIIIECT-
Ba Ha IPHMEpE 03EPHOT0 cooO0IecTBa pri0. B Hell He yunTHIBaeTCsl BO3pacTHasI CTPYKTYpa
BXOJISIIIUX B COOOIIECTBO MOMYJISIHA phi0. Kaxkas mormyisiiust OTHOCUTCS TIEIMKOM K OJTHO-
My TpodudeckoMy ypoBHIO. Takoe MpHOIMKEHHE JOCTATOYHO Ipy0O0, HO BIOJHE MPHUTOTHO
JUISL TIPAKTUYECKOTO 3HAKOMCTBA C MOJICITUPOBAHUEM COOOIIIECTB.

Kaxnast momyisiiusi, BXOJsIIasi B COOOIIECTBO, XapaKTepPHU3yeTCsl BEIMYMHON OroMac-
Bl cocTaBistronux ee poio (B). [Toctyruienue sHEpruy B OMYJISIIMIO OCYIIECTBIISICTCS] B BUJIC
cymmapHoro panuona (C), KOTOpBIH, KaK MPaBHIIO, CIAaracTcs W3 HECKOJIbKUX YACTHBIX pa-
1oHOB (C1), COOTBETCTBYIOMIMX PA3THYHBIM UCTOYHUKAM MTUTAHMSL.

B kauecTBe BHENIHMX MCTOYHHKOB SHEPTUU JJIsI COOOIIECTBA paCCMATPHUBAKOTCS MPO-
JOYKIIMW 300TUTAHKTOHA W 3000€HTOCA, a TaK)KEe 3arachl MEPTBOTO OPTaHWYECKOTO BEIIECTBA,
MIOCKOJIBKY B COCTaB MXTHUOIICHO3a BXOJIUT TAaKOH MeTpuTOodar, Kak ioTsa.

Pacnipenenenne NHIIEBBIX NOTPEOHOCTEH MO KOPMOBBIM OOBEKTaM IPEIIOIaraeTcst
NPOTIOPIMOHATIFHO OHOMaccaM JKEPTB C YYETOM OCOOCHHOCTEH CIEKTPOB MUTAHHUS OCOOei
kaxaoi momyssiiuu (K). Ctenens Beienanus KOpMOBOTO oO0BbekTa (M2) CBs3BIBaeTCS C Ha-
NPSDKCHHOCTBIO MHUIIEBBIX OTHOIICHUH (TPO(POIKOIOTHICCKUM KOIPPHUIIMEHTOM) COOTHOIIIE-

aueMm B.C.UBiesa:

M2 =1 - EXP(-K4 * K3)

rae K4 - koagpuuueHT nponoprroHalibHOCTH,

K3 - oTHOMmIEHNE TOTpEeOHOCTEH B TaHHOM BHUI€ KOpMa K MX HAJTMYHOMY KOJIMUYECTBY.

PaccmarpuBaemasi Mozienb M3-3a OTCYTCTBUS B HEH BO3PACTHBIX CTPYKTYP MOMYJISALUN
HE NPUroJHA JUIsi UMHUTALUU JUHAMHYECKHX ITPOLIECCOB, MOATOMY IPHUXOAUTCS OTpaHUYU-
BaThCS TOJIBKO CTAllMOHAPHBIMU COCTOSIHUSMH, NPU KOTOPBIX MPUXOJ SHEPTUU B MOIMYJISALUIO
paBEeH PHEPreTHUECKUX pacxoiaM. MHbIMM clloBaMM IOJaraercs, 4To BECh MPUPOCT OMomMac-
CBbl PAcXOJyeTcsl Ha BblelaHUe, OTMUPAHUE U U3BATHE MPOMBICIOM. MoJienb 1o CBoeMy Cy-
IIECTBY MPEACTABISAET COOOM CI0XKHYIO CUCTEMY HETMHEWHBIX YpaBHEHUI, KOTOpas peraercs

METOJIOM UTEpaLIHil.
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10 REM Mogens mHOTOBHI0BOTO coobtiecTBa poio (Paitn FishComm.bas)
20 DIM N$(12) 'Ha3Banusi BUIOB pbIO 1 OOBEKTOB BHEIIHEH KOPMOBO# Oa3bl
30 DIM B(12) 'buomacchl HONMyJsIuid ppI0 1 00bEKTOB BHELTHEH KOPMOBOH 0a3bl (Kr/ra)
40 DIM B0(12) 'HauanbHasi Guomacca MOmyJsIsiuid peid U 00bEKTOB
50 'BHEIITHEH KOPMOBOM 0a3bl (Kr/ra)
60 DIM B1(9) 'KopmoBas 6a3za nomyssiuii
70 DIM R1(9) 'CooTHOIIIEHUE MEXTy MAKCUMAIILHBIM PAIMOHOM M OMoMaccoit
80 DIM M(9) 'EctecTBeHHast CMEPTHOCTh (HaYaIbHAS)
90 DIM M1(12) 'EcTecTBeHHass CMEPTHOCTb (HE 3aBHUCAIIAS OT XUIIHUKOB) (9)
100 DIM M2(12) 'CteneHb BbICTaHMS KOPMOBOTO 00BEKTa (CMEPTHOCTD OT XHUIITHUKOB)
110 DIM C(9) 'CymmapHsblii (pealibHblit) paliioH OTAEIbHbIN MOMyJIauil pelo
120 DIM C1(9,12)YacTHble panroHbI MOMYJISLUNA PbIO O PA3TUYHBIM HCTOYHUKAM MTUTAHUS
130 DIM V(12) 'JlaBieHUE XUIITHUKOB
140 DIM K(9,12) 'CriexTp muTaHust 0co0el KaKI01 mommysaiuu (Ko3hhuimeHt
150  'm30uparenbHOCTH MUTAHMUS)
160 DIM K2(9) 'KopMmoBoit ko3¢ duryent
170 DIM K3(12) "Tpodoskonoruueckuii K03 HUIMEHT (OTHOIIEHUE TOTPEOHOCTEH

180  'B maHHOM BHE KOpMa K UX HATUIYHOMY KOJUYECTRBY)

190 DIM F(12) 'CrenieHb U3BATHS IPOMBICIIOM PBIOBI JAHHOM MOMYJIALUU
200 DIM Y(12) 'BbUTOB pHIOBI JAHHOTO BUAA
210 DATA "A3p",  "Ilmotsa", "Epm", "Jlem", "Oxyns", "Lllyka", "Hanum"

220  DATA "Vxues", "Cuaetok", "benroc", "Jlerput", "3oomiankTon"
230 FORI=1TO 12 : READ N§(I) : NEXT I

240 NN$="MA3p IlmorBa Epm Jlemr Oxynp Illyxka Hamum VYxnes Cuertox"
250 DATAS, 50, 25, 30, 25, 10, 2, 5, 3, 300, 100, 50

260 FORI=1TO 12 : READ BO(I) : NEXT I

270  DATA 2.56,3.48,3.45, 3.0, 1.39, 1.54, 1.64, 3.31, 3.6

280 FORI=1TO9:READRI(I): NEXT I

290 DATA45,2.8,3.0,4.8,3.2,3.0,2.8,4.0,4.0

300 FORI=1TO 9:READ K2(I) : NEXT I

380 DATA 0, 0, 0,0, 0,0,0, 0, 0,1.2, 0,0

390 DATA 0, 0, 0,0, 0,0,0, 0, 0,.54,1.72, 0

400 DATA 0, 0, 0, 0, 0,0,0, 0, 0,.83, 0,0

410 DATA 0, 0, 0, 0, 0,0,0, 0, 0,.84, 0, 0



420 DATA3.8, 28,28, 0, 0,0,0,2.4,29,.24, 0, 0
430 DATA1.1,1.17,.78,.6,.4,0,0,1.1,.92, 0, 0, 0
440 DATA 0, .8,.75, 0, 0,0,0,15, .8, 0, 0,0
450 DATA 0, 0, 0,0, 0,0,0, 0, 0, 0, 0,.8
460 DATA 0, 0, 0, 0, 0,0,0, 0, 0, 0, O0,.8
470  FORI=1TO9:FORJ=1TO 12

480 READ K(I,J)

490 NEXTJ:NEXTI

500 DATA .02, .01, .01, .01, .01, .01, .08, .01, .01

510 FORI=1TO 9:READ M(I) : NEXT I

520  PRINT "Tlpoaykuus 6enroca";B0O(10)*.1;" r/kB.m. U3menuts? (Y/N)"
530 INPUT YS$

540 IF Y$<>"Y" AND Y$<>"y" THEN GOTO 560

550 INPUT B2 : BO(10)=B2*10 : BO(11)=.3*B0(10)
560  PRINT "TIponykuus 3oomnankrona";B0(12);"r/k.mM. U3menuts? (Y/N)"
570  INPUT Y$

580 IF Y$<>"Y" AND Y$<>"y" THEN GOTO 600

590 INPUT P : BO(12)=P*10

600 FORI=1TO 12

610  B(I)=B0(I)

620 NEXT I

630 PRINT "ITpompicioBoe BO3A€HCTBUE Ha OTAEIbHBIC momyssiiuu (0-1)"
640 FOR I=1 TO 9

650 PRINT N$(I)

660 INPUT F(I)

670 F()=F)/10

680 NEXT I

710 FOR T=1 TO 20 'Tluks o rogam

720  FORI=1TO9

730 B1()=0

740 FOR J=1 TO 12

750  IF K(I,J)>0 THEN B1(I)=B1(I)+B(J)

760 NEXT]J

770  NEXTI
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780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110

FORI=1 TO9
R=2*R1(I)
IF B(I)>0.01 THEN R=2*RI1(I)*EXP(-.693*B0(I)/B(I))
FOR J=1TO 12
CI(L)=0
IF B1(I)>0 THEN C1(LL)=K(LJ)*BJ)*R*B(I)/B1(I)
NEXTJ
NEXT I
FOR J=1TO 12
V({J)=0
FORI=1 TO9
V()=VI)+C1(LJ)
NEXT I
K3(J)=0
IF B(J)>0 THEN K3(J)=V(J)/B(J)
IF K3(J)>20 THEN K3(J)=20
IF K3(J)>0 THEN M2(J)=(1-EXP(-.2*K3(J)))
NEXTJ
Y2=0
FORI=1 TO 9
C(=0
FOR J=1 TO 12
IF V(J)>0 THEN C(I)=C(D)+(C1(LLJ)/V(J))*BJ)*M2(J)
NEXTJ
M1(D)=M(D)*(1-EXP(-B(I)/B0(1)))
B(D)=BD)*(1-M1(I))*(1-M2(I))+C1)/K2(I)
Y(D)=B()*F(I)
B()=B(I)-Y(I)
Y2=Y2+Y(I)
NEXT I
[F T<>20 THEN GOTO 1260
Z1$="Bun Hxtuomacca CmeptHOocTh Tpod./sKx0ma [Ipom. Bruios "
72%=" xr/ra xo3pd. ycunme kr/ra"

CLS: PRINT Z18$ : PRINT Z2$
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1150
1160
1180
1190
1200
1230
1240
1260
1270
1280
1310
1320
1330
1340
1350
1360
1370
1380
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ZS="\ O\ HHHHAH R WA R R
FOR I=1 TO 12
PRINT USING Z$;N$(1),B(1),M1(1),K3(1),F(1),Y(I)
Z3%=" "
IF I=9 THEN PRINT Z3$
NEXT I

PRINT "CymmapHhsiii Bbu10B =";Y2
NEXT T

PRINT : INPUT "lnsa nponomkenus Haxmure Enter", H
SCREEN 9 : COLOR 0,7 : CLS
LINE (20,3)-(620,3),1

LINE -(620,320),1

LINE -(20,320),1

LINE -(20,3),1
LINE(20,256)-(620,256),1
BMAX=0

FOR I=1TO 9

IF B(I)>BMAX THEN BMAX=B(I)

1390 NEXT I

1400 D100=(100/BMAX)*250
1410 X=30: Y=255

1420 FOR I=1 TO 9

1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540

IF I<5 THEN A=2
IF I>4 AND 1<§ THEN A=4

IF I>7 THEN A=1

LINE (X,Y)-(X+20,Y),A
D=(B(I)/BMAX)*250

LINE -(X+20,Y-D),A

LINE -(X,Y-D),A

LINE -(X,Y),A

PAINT (X+2,Y-D/2),A

X=X+62

NEXT I

COLOR 8,7 : LOCATE 20,5 : PRINT NN$
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1560 COLOR 1,7 : LOCATE 2,60 : PRINT " - murankrodaru"

1580 COLOR 2,7 : LOCATE 4,60 : PRINT " - 6entodaru”

1600 COLOR 4,7 : LOCATE 6,60 : PRINT " - uxtuodaru"

1620 COLOR 1,7 : LOCATE 22,18: PRINT "Tpodwudeckas cTpykTypa coodiiecTBa psio"
1650 LOCATE 24,1 : INPUT "lna nponomkennst HaxmuTe Enter”, Enter : SCREEN 0
1670 END

YIIPAYKHEHMUE 4.5. DxcniepuMeHTaIbHOE UCCIeA0BaAHMEe HMUTAIIMOHHON Mo/1e-
JIM MHOTOBHIOBOI'0 COOOIIeCTBA.
3amanue. MccrnenoBaTh H3MEHEHUE CTPYKTYPBI COOOIIECTBA.

IHopsimok paboTHL.

1. Ilpoananu3upoBath TeKCT MporpaMMel. HaiiTu G0KM onucaHusi mepeMeHHBIX, BBO-
Jla ICXOHBIX TaHHBIX, 00paboTKH MH(OpPMAINH, BEIBOJA PE3yJIbTATOB B TEKCTOBOM U rpadu-
yeckou (hopme.

2. Ha ocHoBe marpuibsl K03(h(UIMEHTOB M30MpPaTEIbHOCTH MHUTAHUS CO37aTh OJOK-
cxeMmy Tpoduueckoit cetn B MS Word.

3. 3amycTuTh MporpamMmy Ha BBHITIOJTHEHHUE. 3aaTh 3HAYCHUSI BXOAHBIX TapaMETPOB.

4. Cnenath BBIBOABI 00 aJeKBAaTHOCTH PEAKIIMH MOJIETH Ha BO3MYILIAIOIINE BO3/EHCT-

BU.

4.5. MoaeaupoBaHue YKOCHCTEM

[TocTpoenne Monenu HKOJIOTUYECKON CHUCTEMBI MPEACTABISAET COOOW CpPEACTBO MAJIs
peuieHus: TOl WM MHOM 3a7aud. BOT HEKOTOpbIe M3 HUX: MPOTHO3 BO3MOXHBIX COCTOSIHUM
HKOCHUCTEMBI TIPU PA3IMUHBIX BapHaHTaX BHEIIHUX BO3ACHCTBUN Kak MPUPOJHBIX, TaK U aH-
TPOIOTE€HHBIX (DAKTOPOB; ONTUMHU3ALMS YTPABISIIOMIMX BO3JIEHCTBUM Ui MOTYYEHHUS] Mak-
CHUMAJIBHOTO TOJIE3HOr0 MPOJYyKTa (HampuMep, BbUIOBA PbHIObI) MPH COXPAHEHHH COCTOSHUS
HKOCUCTEMBI B JIOMYCTUMBIX MpEAeNax; MPOrHO3UPOBAHUE JIEUCTBUS HAa SKOCHCTEMY 3arpss-
HSIONTUX BEIICCTB U OINPEICIICHHUE JOMyCTHMBIX HOPM BBIOPOCOB, TAPAHTHUPYIOIINX COXpaHe-
HUE COCTOSTHUSI CUCTEMbl B MPUHATHIX IPAaHUIAX; MUHUMH3AIUS Yuclia U o0beMa Habmoe-
HUU HaJ COCTOSITHHEM YKOJIOTHYECKOW CHCTEMBbI, 00ECTIeUnBAIOIIUX a/IEKBAaTHOE OTOOpaKeHUE
€€ COCTOSIHHS C 33JJaHHOW CTETEeHbIO TOYHOCTH (3a1aya MOHUTOpHHTA). [IpuMepsl 3amay Mo-
JIEITUPOBAHMSI SKOCUCTEM MOXKHO OBLIO OBI TIPOIOIKUTE, HO YK€ MPUBEICHHOE TIEPEUUCIICHUE

MOKa3bIBACT CYIIECTBEHHOE PAa3HOOOpa3ue MpooOsieM 0XBATHIBAEMBIX pa30MpaeMbIM METOJIOM.



&9

Ecmu x sTomy eme n00aBUTh OOraTCTBO THMIIOB MPUPOAHBIX M MCKYCCTBEHHBIX 3KOCHUCTEM
(pyn, 03epo, BOJOXpAaHWIHUILE, MOPE, OKEaH, JIEC U T.II.), TO CTAHOBUTCS SICHO, YTO HU O Ka-
KO YHUBEpPCAIbHOM MOJEIM HE MOXKET ObIThb W peuyd. MOXXHO TOBOPHUTH TOJBKO 00 YHH-
BEpCAJIbHBIX IPUHILIUIIAX IOCTPOEHUS MOJOOHBIX MOJIEIEH.

Ha nmpumMepe MoaenupoBaHus 3KOCUCTEMBI YIOOHO pacCMOTPETh IPYrHe aCIEKThl Me-
TOJA: ONpeZeNieHHe TPaHMIl, BXOJOB U BBIXOJOB MOJCIUPYEMOM CHUCTEMBI, 3aJaHHE Mpo-
CTPAHCTBEHHOW CTPYKTYpbI U napameTpoB Mozenu. Huke Oyner paccMOTpeHa JMIIb CIELU-

(I)I/IKH_ MOZACIINPOBAHUA I3TUX CUCTEM

OHDGI[GJ'IGHI/IG T'PaHUI MOJICITUPYEMOM YKOCHCTEMBI

[Tocne ycraHOBIEHMS IIETU TOCTPOSHHSI MOJIENIN SKOJIOTUYECKON CUCTEMbI BCTAeT BO-
IpOC O TPAHUIIAX MOJEIHpPYeMOoro oOobvekTa. B ciydae mpyza, ozepa WM BHYTPEHHETO MOpS
TPaHMIBI TPEICTABISAIOTCS JOCTATOYHO €CTECTBEHHBIMH, HO MPU MOJAEIHPOBAHUU 3KOCHCTE-
MBI 3CTyapHs, 3ajIMBa, Y4acTKa PEKH, OTKPBITOTO Y4acTKa KPYIHOTO BOJOEMa WM JIECHOTO
MaccHBa BbIOOp TPaHUI] SKOCHUCTEMBI MPECTABIACT OOIbIINE TPYAHOCTH U OT HEro 3aBUCHUT
cynp0a Bcelt manpHenmerd padorel. OOmuil MpUHIKIT BEIOOpA TPAHUIL MOJECIUPYEMOTO 00B-
eKTa 3aKJII0YaeTCsl B TOM, YTOOBI Yepe3 3TH IPaHUIbI OTOKM BEUIECTBA U YHEPTUH ObUTH OB

MHWHHUMAJBbHBI U XOPOLIO U3BCCTHHI.

YcTaHoBIEeHNH BHEITHUX CBA3EN U3YYAEMOM DKOCHUCTEMBI

Crenyromuii 3Tan MOCTPOECHUSI MOJEIN 3KOJOTMUECKOW CUCTEMBI 3aKJIIOYAeTCs B yC-
TAHOBJICHUU BHELIHHMX CBs3€il M3ydaeMoil cucteMbl. EcTeCTBEHHO, UTO BBHIOOpP BXOAOB M BbI-
XO/I0B MOJIENIN OIpeAessieTcsl LelnsIMu MojaenupoBanus. LlenecooOpa3Ho pasnuuaTh ymnpas-
asieMble (T.€. TIOAJAONINecs] BO3/ICHCTBUIO YETIOBEKa) M HEYIIPABISIEMbIC BXObI 3KOCHCTEMBI.
[Ipumepamu ynpaBisieMbIX BXOJIOB, HAIIPUMEP BOAHOW 3KOCHCTEMBI, MOTYT CITy>KUTh HHTCH-
CHUBHOCTH IPOMBICIA PBIOBI, PETyJIUPOBAaHUE YPOBHS, COPOC 3arpsi3HSIOIIMX BEIIECTB, BCEle-
HHUE HOBBIX BUJIOB T'HJIPOOMOHTOB, Y00pEeHUe, HCKYCCTBEHHAs a’panus u T.1. K Heympasmse-
MBIM BXOJIaM MOTYT OTHOCHTCS aTMOC(EpHBIC OCaJIK{, PEYHONW CTOK, COJTHEYHAS PaaHariysd,
TeriooOMeH ¢ atMochepoi u T.1.

BbIX0/1bI MOZIE€IH UTPAIOT CYIIECTBEHHYIO POJIb B TOM Ciydae, Korja pa3padaTbiBacMast
MOJIETIb SKOCHUCTEMBI IPEACTABISET COOOI COCTaBHYIO 4acTb OoJiee CIO0KHOW MOAENH, Ha-

pUMeEP IKOHOMHYECKOTO paiioHa WM Ieol reorpaduueckoil 30HbI. [IpuMepamMu BBIXO0B
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MOTYT CIIy’KMTb CTOK M3 03€pa, BbUIOB PBIOBI HIIM IPYTHUX OOBEKTOB MPOMBICIIA, KaYeCTBO BO-
IIbl, BIIMSIOIIEE HA CUCTEMbI BOIOCHA0X)eHUS U 9()(PEKTUBHOCTH PEKpealnu.

Jlpyroii acmeKT BBIXOJHBIX BEJIMYMH 3aKJIIOYACTCS B MOJIYYEHUM HEOOXOIUMOW HH-
dopmanmu 0 PyHKIMOHUPOBAHUM MOJIETH. J1JIsl IPOBEPKH MOJIEIH BBIBOJISTCS OOBIYHO TE BE-
JMYMHBI, KOTOpble HarboJiee HaJeKHO U3MEPSIIOTCS B IpHupoie. B nccienoBaTebcKux Lemsx,
HA000POT, BBIBOJSATCS BETMYUHBI, KOTOPBIE TPYAHO UM HEBO3MOXKHO OMPEICIUTh MMyTEM Ha-
TypHbIX H3MepeHuil. [IpumepaMu BBIXOJOB 1-ro TUma MOTYT CIYKUTh MPO3PAYHOCTH BOJBI

uau ouomacca 300IIJIaHKTOHA, 2-ro THUIIA - HAIMps’KCHHOCTDb TpO(I)I/I‘-IeCKI/IX OTHOIIICHUH.

IIpocTpaHcTBEHHASA CTPYKTYPa MOJCIIH

OcHoBonoararoieil XapakTepuCTUKOW MOJIENIA YKOCUCTEMBI SIBJISIETCS €€ MPOCTpaH-
CTBEHHAs CTPYKTypa U pa30HecHHE Ha suciiku. Ecim, ucxons w3 ycioBuil 3a1auu u crienudu-
KU 9KOCHUCTEMa, MOKHO HE YYUTHIBATh HEOJHOPOJHOCTh €€ XapaKTEPUCTUK 10 BEPTUKAIU U
TOPU30HTANIM, TO MOJIENb HA3BIBAETCS MOYeyHOU W TPOCTPAHCTBEHHAs] CTPYKTypa OTCYTC-
TByeT. [IpuMepsl Takux MoJeNei TOCTaTOYHO MHOTOUYWCIICHHBI U OTHOCSTCS WIH K HEOOJb-
[IMM SKOCUCTEMAaM, UM K TEOPETUYECKH 000OIICHHBIM 3aja4aM.

B o0mem cirydae mpocTpaHCTBEHHOM HEOJAHOPOIHOCTHIO SKOCHCTEMBI MpeHeOperarhb
Henb3s. B cBs3U ¢ 9TUM BBOJUTCS TOHATUE AYelKU, T.€. TAKOTO 00beMa cpefibl, B KOTOPOM
pacmpe/enieHne BCeX XapaKTePUCTHK KOCUCTEMBI TMOJIaraeTcss PpABHOMEPHBIM U MOXKET OBITh
3aMEHEHO CPEHUMU BeIMUMHAMU. Pa30ueHre BCero MoJeIMpyeMoro o0beKTa Ha STYCHKH OT1-
peaensieTcsl He TOILKO 0COOCHHOCTSIMU KOHKPETHOTO 00BEKTa, HO U (POPMYITUPOBKON 3a/1auun
MonenupoBanus. Tak, mpu rpy0oii olieHKe YpOBHS 3BTpO(dUKAIUU 03epa ObIBAET TOCTATOYHO
TOYEYHOU MOJICH, HO BBISICHEHHE YCIOBUH 3aMOpPOB B TOM K€ 03epe MOTpeOyeT BBIACICHUS
SMUIMMHUOHA U THUINOJMMHHMOHA WK Jlaxke 0oJiee NPOOHOrO ONMUCAHMS BEPTUKAIBLHOM CTpa-
tudukanuyu. B3aumHOe pacmnosioXkeHHe sueeK OIpenessieT MPOTCPAHCTBEHHYIO CTPYKTYpPY
9KOJIOTMUYECKOl cucteMsbl. [Ipoliecchl, KOTOpBbIE MPOUCXOIAT BHYTPH SIUEHKH, YCIOBUMCS Ha-
3bIBaTh MPOIECCAMH TIPEOOpa30BaHusl BEIIECTB, WM MPOCTO npoyeccamu npeodpasoeanus, a
MPOIIECCHI, B KOTOPBIX YYACTBYIOT COCEIHUE SUYEHKH, - TTPOolleCCaMi OOMEHa MEXIy sSueiika-
MU, WIH MPOCTO npoyeccamu obmena. Ilponeccsl nmpeodpazoBaHus BKIIOYAIOT B ce0sl Takue
ABIIEHUS, KaK ()OTOCUHTE3, MUTAHUE, POCT, PA3MHOKEHHE, OTMUPAHKE, JbIXaHUE, BBIICICHNE
OpPTaHU3MOB BCEX TPOUUECKUX YPOBHEH, XUMUYECKUE PEAKIINH, PACTBOPEHUE BEIIECTB U UX
BBIJICTICHHUE B TBEPJIOM MJIM Ta3000pa3HOM cocTostHuH U T.11. [Ipoiecchl oOMeHa mpescTaiie-

HBbl B BOJHBIX 3KOCHCTEMaX pa3IMYHbBIMU BUJAMU TE€UEHUHU, TypOyJeHTHOU nuddysuel, ak-
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TUBHBIMH MUI'pAllUAMU FI/II[pO6I/IOHTOB, OITYCKaHHUEM HWJIM BCIIJIBITUEM YaCTHUI; B HA3€MHBIX
OKOCUCTEMAX - BO3AYUIHBIM IIEPEHOCOM, AKTHBHBIMU U MMACCUBHBIMHU MHUI'DALUAMU OPTaHU3-

MOB U JIp.

ITapaMeTpEl COCTOSIHUS

CocTosiHUe A4YEHKU U BCEM IKOCHUCTEMBI Ompeensercs HabopoM KOMIOHEHT WM Tie-
peMeHHBIX. B kKauecTBe KOMIOHEHT OOBIYHO BHIOMPAIOTCS OMOMACCHI Pa3IMYHBIX TPYIIIT Opra-
HU3MOB, KOHIIEHTpAaIlMd PAaCTBOPEHHBIX M B3BEIICHHBIX BellecTB. [Ipumepamu Moryrt ciy-
KUTh KOHLIEHTpauus xJyopoduiia, Onomacca XHIIHOTO 300IUIAHKTOHA, YUCJIEHHOCTh PBIO
JAHHOTO BHJIA U JAHHOTO BO3pacTa, KOHIEHTPAIUs HUTPATOB U PACTBOPEHHBIX OPraHUYECKHUX
BEIIECTB. BeTMUMHBI, ONPEIENSIIONINE COCTOSTHUE YKOCUCTEMBI, OOBIYHO SIBIISIOTCS HEOTpPHUILIA-
TEJIbHBIMU JIEUCTBUTEIILHBIMUA YHCIIAMU, XOTSI HE UCKIIOYEHO TPUMEHEHUE JIMHIBUCTUYECKHUX
MEPEMEHHBIX.

BpeMmennoii mar

[Tepexoa Moaenn 3KOJIOTMUECKOW CHUCTEMBI U3 OJIHOTO COCTOSIHUSI B CIIEYIOIIEE OCYy-
IIECTBIISIETCS B IUCKPETHBIE MOMEHTHI BPEMEHH, PACCTOSHUE MEXKIy KOTOPBIMU HA3bIBACTCS
BpEMEHHBIM I11aroM (A). BeIOOp BeTWYMHBI BPEMEHHOTO II1ara sIBJISIeTCS OTBETCTBEHHBIM MO-
MEHTOM IpU MOCTPOCHUHM MOJIENU, TaK KaK BCE IMPOLIECCHI, XapaKTEPHbIE BPEeMEHa KOTOPHIX
OKa3bIBAKOTCA MCHBIIC BCJIIMYHNHDI IIIara, BeIIIagar0T U3 paCCMOTpeHI/ISI. HaHpHMep, B MOJICJIN C
CYTOYHBIM IIarOM HE MOTYT OBITh YUTEHBI HOUYHBIE CKOTJICHUS 300TUIAHKTOHA Y TIOBEPXHOCTH
BOJIbI WJIM MPWJIMBHO-OTIMBHBIC SBIEHUS. B mpeaenax ogHOro BpeMEHHOTO IIara mpoIecchl
npeoOpa3oBaHus MPEANOIAraloTCsl PA3HECEHHBIMU TI0 BpEMEHH, T.€. IPOUCXOAT M0 OUEPE/IH.
DTO co3/1aeT npejea CKOPOCTH Nepeiadyn BO3MYIIICHHUM TT0 SIKOCUCTEME, TaK KakK 3a OJMH Bpe-
MEHHOM IIIar BO3MYIIEHUE MOXET CKa3aThCs TOJIBKO HA COCTOSIHUU cocenHen stueiiku. [Ipen-
JaraeMasi cxema (pYHKIIMOHUPOBAHUSI MOJETH IKOCHCTEMbl OCHOBaHAa HAa HE3aBUCHMOM IIPO-
TEKaHUU TPOIIECCOB MPeoOpa3oBaHusl BO BCEX sSUEHMKaX, MOCIE Yero MPOUCXOASIT OOMEHHBIS
IIPOLIECCHl MEXKIY SYEMKaMHU, IIPUYEM 3Ta Ipoleaypa IOBTOPSETCS HAa KaXKIOM BPEMEHHOM
mare cCoO CMEHOW BHEITHUX BO3JCUCTBHUH (YIIPaBIsEMbIX U HEYIPABISIEMbBIX BXOJOB), 3aBHUCS-

X OT BpECMCHHU.
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REM Mogenpb sxocucTeMsl 03epa 06e3 cTpaThuuKaium
REM tstistiootionts Orucanne IapaMeTPOB MOJIEIH * ¥kttt
DIM B(4) 'buomacca (pUTOMIAHKTOHA, 300IJIAHKTOHA, PHIOBI U OaKTEepHii
DIM B1(4) '"DddextuBHas 6uomacca
DIM Q(4) 'prxanue
DIM Q1(4)
DIM M(4) 'CmepTHOCTD
DIM M1(4) 'KoadpduuneHTs! CMEPTHOCTH
DIM K(4) 'Koad¢umnueHTs TpopHUIecKoro qaBieHUs] Ha KOPMOBBIE OOBEKTHI
DIM E(4) 'DnumuHarms 6MomMaccsl
DIM TO0(24) 'Temnepatypa 1no 15-1HEBHBIM HHTEpBAIAM
DIM Z(24) 'Conneunast paguanus
REM sk sk sk sk ske sk sk skeoske skeskeoske skeoskok I/ICXOI[HBIC JIAHHBIE sk sfe sie sk sfe sie sk sfe sie sk sfe sie sk sfe sk sk sfeoske sk sfeoske sk sk skeskeosk sk
DATA 0, 1.7, 0.9, 2 'HaganbHable 6noMacchl B Mr-C/kB.M
DATA 0.9, 0.05, 0.5, 0.3 '[Ipixanue
DATA 0.05, 1, 1.3, 0.1 'CmepTHOCTB
DATA 2, 0 'Hauanbnbie Gpocdop u JeTpuT
REM Temnepatypa Bo1bI
REM fuB ®eB Map Anp Maii Uron Hrwon Asr Cen Oxt Hos [lex
DATA 1,1, 1,1, 1,2, 2,3, 4,5, 6,8, 10,12,15,16,14,12,10,8,4.,3, 2,1
REM Conneunast paauanms B Mr-C/CyTKH*KB.M
DATA 0,0, 0,0, 0,0, 0,0, 4,5, 7,7, 54, 33, 22, 1,1, 00,00
REM #skskssskstskskesssksksksk agampHOE COCTOSHIE * %%k ko sttt e o
FOR I=1 TO 4
READ B(I)
READ QI(I)
READ M1(])
NEXT I
READ N '®ochop
READ D 'lerpur
INPUT "Crok ¢ocopa B mr/rog/xB.m =", N1
INPUT "HUnTeHcuBHOCTB IpoMbIciia peIObl =", F

E1=0.05 'Cootnomenue docdopa u yriaepoaa B Ouomacce
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FOR I=1 TO 24 : READ TO(I) : NEXT I
FOR I=1 TO 24 : READ Z(I) : NEXT I
U=0.8 "' KoadurueHT yCBOCHHS TUIITA
S=0.5 ' KoaummeHnt cequmenTanun
Y1=0
P9=0
REM skttt st ks o o s ek ok s R s R SR R K K R o R
OPEN "Output.txt" FOR OUTPUT AS #1'
PRINT #1, "Bpems ";" ®utorn";" 3oormn ";" Peiba ";" bakrepun ";" Herput ";" docdop"
REIM ks stttk e st ks s Rk R R s R s R KRR o R
FOR T=1 TO 24 '[luxn no BpeMmeHHbIM uHTEepBanam (0.5 mec.)
T1=TO(T) 'Texyuias Temneparypa
WI1=EXP(20.5*(T1-20)/(273+T1)) 'YpaBuenue AppeHuyca
W2=EXP(-0.172* ABS(T1-15)) 'TemnepatypHbIii K03pHUIHEHT MOTPEOICHUS
M9=0
H9=0
FOR I=1 TO 4
Q(DH=Q1(H)*W1*B(I) 'Iprxanue
MID)=M1(1)*B(I)
H9=H9+E1*Q(I)
M9=M9+M(I)
K(I)=0
NEXT I
R2=5*W2*B(2)*EXP(-0.11*B(2)) 'YpoBeHb MaKCUMAJILHOTO MOTPEOICHNE MUK
R3=W2*B(3)*EXP(-0.4*B(3)) '"YpoBeHh MaKCUMAIILHOTO MOTPEOICHUE TTHIIH
P1=15*Z(T)-Q(1) 'P1 - nepeuuHas mpoxykuus B Mr C/15 cyTox/m”
IF P1>N/E1 THEN P1=N/El
IF P1<0 THEN P1=0
P4=0.5*D-Q(4)
IF P4>10*W1 THEN P4=10*W1
[F P4<0 THEN P4=0 'P4 - 6akTepuanbHas NpoIyKIus
B1(1)=B(1)-M(1)+P1
B1(2)=B(2)-M(2)-Q(2)
B1(3)=B(3)-M(3)+Q(3)
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B1(4)=B(4)-M(4)+P4

IF B1(1)+B1(4)>0 THEN K(1)=R2/(B1(1)+B1(4))

IF B1(2)>0 THEN K(2)=R3/B1(2)

IF B1(3)>0 THEN K(3)=F

K(4)=K(1)

C9=0

FOR I=1 TO 4
E(D)=B1(I)*(1-EXP(-K(I))) 'E -anumunaus 6uomaccsl
IF I<>3 THEN C9=C9+E(I)

NEXT I
REM Bamnanc BeliectBa B 3KOCUCTEME
B(1)=BI1(1)-E(1) " DUTOIIAHKTOH
B(2)=B1(2)-E(2)+U*(E(1)+E(4)) " 300IUTaHKTOH
B(3)=B1(3)-E(3)+U*E(2) " PpiOa
B(4)=B1(4)-E(4) " bakrepun
D=D*(1-S)+(1-U)*C9+M9-P4 " Jletput
N=N+H9-E1*P1+N1/24 " ®ocdop
P9=P9+P1
Y1=YI1+EQ3)
PRINT #1, T; B(1); B(2); B(3); B(4); D; N

NEXT T

PRINT #1, "llepeuunas npoaykius'", P9;"mr-C/ron/kB.m"
PRINT #1, "Poi6nas npoaykius",Y 1;"mr-C/kB.m"; Y 1*20;"kr/ra"
CLOSE

END

YIIPA’KHEHUE 4.6. DxcniepuMeHTaJIbHOE HCCIe0BAHME MMUTAIIMOHHON Moje-
JIM BOJAHOM IKOCHCTEMBI.
3ananue. VMccnenoBath BHyTPUTOJIOBYIO TUHAMUKY 3KOCHCTEMBI.

IHopsimox paboTHL.

1. [Ipoananu3upoBaTh TEKCT NporpaMMel. HaliTi 6510ku onucanus nepeMeHHbIX, BBO-
Jla UICXOTHBIX TaHHBIX, 00pab0TKH MH(OPMAIMH, BEIBOJA PE3yJIbTaTOB B TEKCTOBOM U rpadu-

yeckoit popme.
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2. Ha ocHoBe matpuisl K03(pGUIIMEHTOB W30UPATEIHLHOCTH MHUTAHMS CO3/1aTh OJIOK-
cxeMy skocuctemsl B MS Word.

3. 3amycTuTh MporpamMmy Ha BBITIOJTHEHHUE. 3a1aTh 3HAYCHUS BXOHBIX TapaMETPOB.
[ToBTOPUTE MPOTOH POTPaMMbI MHOTOKPATHO, MEHsIsI 3HAUEHHUS BXOIHBIX ITapaMeTpoB. B
JJEKTPOHHBIX TaOIHIIAX MOCTPOUTH JINHEHHBIE TpaUKN BHY TPUTOI0BOM TUHAMUKHU Pa3Iny-
HBIX TTAPaMETPOB PKOCUCTEMBI MPU PA3IUYHBIX HAYATbHBIX YCIOBHUSX.

4. Cpenatb BBIBOJBI OO0 a/IeKBATHOCTH PEAKLUMU MOJIEIM Ha W3MEHEHUE 3HA4YeHUU

BXOOHBIX MTapaMETpPOB.



96

Jlureparypa

BopoBukos B. Statistica: nckycctBo ananmsa naHHbIX Ha Kommbtorepe. CII6: Tlutep,
2001. 656 c.

I'mypman B.E. Teopust BepoATHOCTEN M MaTeMaTH4ecKas cTaThucThka. M.: Beicuias
mikona, 1977. 479 c.

I'pocecman C., Tepuep [x. Maremaruka ans 6uonoros. M.: Beicmas mkomna, 1983.
383 c.Jlxxepmen M. KonudectBenHass Ouosnorust B 3ajadax W npumepax. M.: Mup, 1972.
151 c.

Ixeddepc [x. Beenenue B CUCTEMHBIN aHaIN3: MpUMEHEHUE B dKkonoruu. M.: Mup,
1981. 256 c.

Kaxos JI.LA., Menmytkun B.B IIpaktrueckue 3aHsATHSA MO UXTHOJIOTUHU. SIpocCiaBib,
1982. 112 c.

XKaxos JI.A., Menmrytkun B.B., Tuxonos C.B. IIpumenenue yueOHbIX UMUTALMOH-
HBIX Mozenel B Kypce "OCHOBBI ppiOHOTO X03s11icTBa" // CoBpeMeHHbIE IPOoOIeMbl OUOJIOTHH,
XUMUH, YKOJIOTUHU U IKOJIOTHYECKOTo oOpa3zoBanums. Apocnasis, 2001. C. 375-377.

Kuraes C.II. Dxonoruueckue oCHOBbI OMOMPOIYKTUBHOCTH O3€p pa3HbIX MPUPOIHBIX
30H. M.: Hayka, 1984. 207 c.

Kynanuer A.Il. Metonsl u cpenctBa aHanmsa naHHBIX B cpene Windows. STADIA
6.0. M.: Uadopmarnka u kommberoTepsl, 1999. 340 c.

Jlakun I'.®. buomerpus. M.: Beicimas mkoma, 1990. 352 c.

Menmytkun B.B. Marematndeckoe MojienupoBaHie MOMYJISAIUA U COOOIIECTB BOJ-
HbIX *KUBOTHBIX. JI.: Hayka, 1971, 196 c.

MenmyTtkrH B.B. IMUTanimoHHOE MOJEIMPOBAHNUE BOJHBIX KOJOTHYECKUX CUCTEM.
CII6.: Hayxka, 1993. 160 c.

Heyiimun f.I'. Monenu B Hayke u Texnuke. JI.: Hayka, 1984. 189 c.

Tennant-Cmut [Ix. belicuk nins cratuctukos. M.: Mup, 1988. 208 c.

®ponos 10.I1. Maremarnueckue Meronbl B 6noiorun. OBM u nmporpaMMupoBaHuE.
Kytiopimes, 1987. 146 c.

Tepentses I1.B., PocroBa H.C. IIpaktukym no 6uomerpuu. JI.: U3n-Bo Jlenunrp. yH-

Ta, 1977. 152 c.



MEHT 0a3bl JTAHHBIX )

97

IIpniaoxenne 1

Mopdo-dpuznonornueckue mokasareau JeTe MIIaIIIero MIKOJLHOTO Bo3pacTta ((par-

Cunia |Cuna Je-
IHon Bospact |Poct, cm (Bec, kr| OI'K1 | OI'K2 | OI'K3 | npaBoii | Boii py-
PYKH, KI'| KH, KT
f 6 128,5 24 67 63 59 10 5
f 6 135 25,5 61 57,5 54 15,5 10
f 6 126 20,3 63 59 55 9 9
f 6 124 20,2 60 56 53 15 6
f 6 128,5 20,4 60 56 53 10 10
f 6 124,6 | 20,5 68 62 57 6 10
f 6 124 19,8 58 57 56 3 4
f 6 124 20 58 57 56 6 4
f 6 130 25,6 62 60 60 3 6
f 6 125 27,2 65 63 62 15 13
f 6 124 21,1 60 58 56 5 9
f 6 124 21,1 59 57,5 57 10 12
f 6 122 23,8 62 60 59 10 12
f 6 112 17 56 54 53 9 5
f 6 129 24 59 57 56 14 11
f 6 122,5 24,6 63 62 61 5 5
f 6 127,5 29 65 63 63 10 9
f 6 116 19,3 60 58 57 5 0
f 6 127 25,5 62,5 61 60 5 4
f 6 117 19 59 58 57 5 4
f 6 118 20,8 58 57 56 5 5
f 6 115 17 53 52 51 5 5
f 6 117,5 23,5 65 60 60 9 10
f 6 127,5 244 62 60 58 12 10
f 6 117 19,4 60 57 57 5 3
f 6 120 22,2 60 58 58 6 4
f 6 120,5 19,7 60 56 55 0 0
f 6 116 19,6 60 57 57 5 4
f 6 104 15,5 59 55 55 5 5
f 6 112,5 17,1 56,5 54 54 3 5
f 6 112,5 17,4 59 56 55 2 6
f 6 127,5 25,3 66 63 62,5 13 12
f 6 123,5 22,7 64 60 60 10 11
f 6 124 20,6 60 59 58 2 1
f 6 131 24,7 60 59 59 12 12
f 6 121 23,6 62 58 58 2 2
f 6 125 22,5 64 61 61 1 1
f 6 115 18,5 58 55 55 10 10
f 6 126 26,3 64 59 60 6 3
f 7 126 23 61 58 54,5 5 10
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f 7 124 22,6 61,5 60 59 9 5
f 7 123 21 59 58 57 6 10
f 7 123 23,3 62 60 59 10 2
f 7 129 24 61 60 59 10 11
f 7 130,5 26,5 63 61 60 14 10
f 7 115 22,5 65 60 60 0 0
f 7 131 26,9 66 61 60,5 16 15
f 7 129 25,2 66 62 62 10 2
f 7 124,5 24 62 58 58 11 11
f 7 125 23 64 62 62 12 10
f 7 119 20,7 61 57 56 10 11
f 7 118 20 55 53 33 10 10
f 7 118 22 65 62 61,5 10 10
f 7 116,5 22,5 63 60 60 10 10
f 7 122 21 63 59,5 59 8 9
f 7 115 20 61,5 58 58 5 6
f 7 126 26,5 60 55 54 9 9
f 7 118 21,4 60 56 55,5 5 5
f 7 127,5 25,5 63 59 58,5 10 10
f 7 126,5 24,5 66 62,5 62,5 10 9
f 7 133,5 28 66,5 60 60 10 10
f 7 122 21 64,5 60 59 5 11
f 7 121 22,1 62 58 58 9 5
f 7 137 31,5 70 68 66 12 14
f 7 130 21 61 58 56 10 12
f 7 119 20,5 61 58 57 11 12
f 7 121 23,7 60 58 57 8 6
f 7 124 26,8 62 58 57,5 1 9
f 7 121 20 60 58 57 11 10
f 7 125 24,8 60 58 56 7 6
f 7 126 27,3 62 58 57 5 4
f 7 128 23,2 58 56 54 4 3
f 7 122 22,6 56 55 54 6 5
f 7 123 24,3 62 57 55 8 6
f 7 126 23 63 59 57 6 7
f 7 124 24,3 60 58 56 6 4
f 7 127 27,5 68 65 64 13 11
f 7 127 25,3 64 61 60 8 7
f 7 122 23,1 58 55 53 6 5
f 7 127 24 60 58 57 4 3
f 7 128 25,8 62 59 57 10 9
f 7 124 23,8 60 58 57 6 9
f 7 128 25 62 59 58 10 9
f 7 121 21 58 56 54 7 6
f 7 124 22,5 60 58 57 4 3
f 7 123 22 62 58 56 6 5
m 6 116 20,2 61 58 57 8 5
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m 6 119 19,8 61 60 59 7 5
m 6 117 19,8 61 58 56 4 3
m 6 116 18,5 59 57 56 9 8
m 6 118 21 59 56 54 10 7
m 6 114 20 54 52 50 6 4
m 6 116 20 61 58 57 10 8
m 6 115 19,7 60 58 56 9 4
m 6 119 21,5 58 56 56 3 0
m 6 118 19,8 61 60 59 8 3
m 6 119 20 60 57 57 9 7
m 6 118 21 59 56 56 10 7
m 6 116 20 58 54 54 8 5
m 6 116 19 60 56 56 5 7
m 6 117 20,5 60 56 54 9 6
m 6 111,5 18 58 56 54 8 6
m 6 116 19,5 60 58 56 11 10
m 6 116 19,8 60 58 56 12 8
m 6 118 23 61 60 57 6 5
m 6 119 21,6 58 56 55 2 1
m 6 118 22 56 55 53 8 5
m 6 118 23 64 60 59 8 7
m 6 116 20,6 58 57 56 7 8
m 6 115 19 57 55 54 9 10
m 6 116 23 61 58 56 8 7
m 6 115 23 62 60 58 6 6
m 6 119 18,2 59 55 54 6 5
m 6 118,5 21 59 57 56 8 7
m 6 118 19,8 61 59 58 6 5
m 6 116 19 60 58 56 10 9
m 6 116 21 62 58 57 9 9
m 6 112 18 59 57 55 1 1
m 6 114 20 60 57 56 11 7
m 6 111 19,5 61 59 57 9,5 8
m 6 112 18 62 59 58 6 7
m 6 125 23,5 62 58 56 10 9
m 6 116 20 61 58 57 12 10
m 6 120 21,4 60 58 57 8 7,5
m 6 115 19,8 60 56 56 8 8,5
m 6 119 22 62 60 59 10 9
m 6 118 20 58 56 54 8 8
m 6 116 20 56 54 52 6 4
m 6 116 25 64 60 58 8 6
m 6 118 23 60 58 56 8 6
m 6 116 20 58 56 54 7 6
m 7 126 27,3 62 60 59 10 8
m 7 127 23,1 59 58 57 7 5
m 7 136 27,5 61 59 58 9 9
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m 7 120 23 60 58 56 11 7
m 7 126 22,7 63 59 57 10 10
m 7 124 24,5 62 60 58 10 12
m 7 126 26 62 60 60 10 8
m 7 121 20 61 59 58 11 9
m 7 123 24 59 56 55 11 11
m 7 122 22 59 57 55 10 8
m 7 127 28 68 64 63 9 8
m 7 124 24,5 60 58 57 12 10
m 7 119 22 62 60 58 10 10
m 7 130 26 62 60 58 13 10
m 7 122 22 60 58 57 8 7
m 7 124 25 59 56 54 9 12
m 7 120 20,3 60 58 56 9 7
m 7 121 20 60 59 57 5 3
m 7 120 22,5 58 54 53 9 5
m 7 125 24 62 59 56 13 12
m 7 128 29,5 63 60 58 12 10
m 7 125 22 58 56 55 9 9
m 7 120 23,5 61 58 57 6 10
m 7 125 23 63 56 59 13 10
m 7 120 24,5 61 58 58 7 4
m 7 123 21,8 59 56 55 10 9
m 7 120 22 63 61 60 11 9
m 7 120 23,6 60 55 55 13 11
m 7 124 25 62 58 57 10 7
m 7 120 24,3 59 56 55 15 10
m 7 122 25 64 62 60 10 9
m 7 124 23 61 59 58 4 2
m 7 128 27 63 60 59 12 9
m 7 122 21,5 59 55 55 10 8
m 7 125 23 62 59 58 10 10
m 7 119 21,1 59 57 56 6 5
m 7 112 18,2 57 56 54 10 11
m 7 121 24 62 59 58 15 13
m 7 122 23,4 59 54 54 10 10
m 7 127 28 68 64 64 8,5 8
m 7 121 24,7 62 58 57 10 10
m 7 123 23,5 62 58 57 8 6
m 7 124 22,5 61 60 59 8 8
m 7 123 21 60 59 57 5 5
m 7 120 23,8 63 60 58 10 9
m 7 123 26,8 59 56 55 12 12,5
m 7 126 23,8 60 58 56 12 13
m 7 121 22,3 60 59 58 11 8
m 7 130 26 62 59 57 8 8
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IIpniaoxenne 2

JluMHOIOTHYECKHE TMapaMeTphl MallbIX M CpemHux o3ep Bomoroackoit  obGmactu
(pparmenT Ga3bl JAHHBIX).
= = = > 5

= % |E_|Blzs |2E|E | £ | ¢

Haszsanune 5 | 2 E=| g |gE o g > 2
o3epa 5 | g s 2| & 22 4 28 gg Z 5

s | 5=|2&| g|5=8 g&|25| 5| £

= |SE|SE| &85 S5|28| 82 &

Kapacbozepo [ 116 | 1,03 2 1,4 | 20,5 98 10,0051 4,07 1,3
Kenpunckoe | 520 1,3 | 225 | 1,2 19 100 [0,005| 1,41 2,16
KoObuibe 210 | 1,17 | 24 [ 1,2 ] 208 89 [0,0053] 0,55 | 45,16
[Tarckoe 106 | 0,81 2 1,1 19 81 10,006 1,98 2,46
DKabuHckoe 122 [ 098 | 2,1 | 1.4 | 20,9 100 10,0046 5.8 7,62
Uarozepo 184,41 1,04 | 2,5 | 1,2 | 20,9 95 10,0048] 0,681 | 2,28
Merpckoe 4112 1,64 | 3,05 | 1,1 | 18,5 84 [0,0068| 1,289 | 2,25
Koreunoe 116 1,4 1,8 1,3 19 94 10,004 2,704 | 24,6
Bommikoe 186 | 0,88 2 1,1 20 90 10,0057] 0,46 [ 11,08
Buxkxo3epo 416 | 1,61 | 2,1 1 21 79 10,0038 1,519 [ 1,14
Benukoe 1094 | 1.8 2,2 109 19 90 10,0032 1,432 | 2,83
Jlyxannoszepo| 347,9 | 2,55 | 43 | 2,2 21 105 [0,0022] 0,372 | 0,24
Hanpeuozepo| 95 2,27 11 0,9 13 83 0,008 17,9 | 188,13
Kavozepo 5458 1,8 3 0,9 20 74 10,005| 4,502 | 0,02
Onamkozepo [ 52 | 0,63 [ 2,2 | 1,1 | 16,8 75 10,0035 5,14 9,14
Kynomozepo | 68,7 | 1,94 | 88 [ 1,2 11 20 10,0046| 5,274 | 13,55
BaueBckoe | 58,7 | 2,47 5 1,5 20 72 10,0042 3,565 1,55
CoXHUTCKOE 7551 1,9 7,1 | L1 | 16,9 88 10,0036] 2,952 | 13,95
E>x03epo 258 | 227 | 95 | 1,1 11 92 10,0057| 2,98 4,78
Tynosepo 1226 | 3,03 | 4,8 | 1,2 21 89 10,0038[ 2,882 7,6
Jlexo3epo 12,1 | 1,22 1,7 | 0,6 22 62 [0,001]| 5,138 | 1,32
[TaBmo3epo 9 191 | 2,15 1 19,7 95 0,005 2,58 10,9
VH103epO 235,21 2,33 | 3,1 1 19 89 10,0058 1,05 0,28
Jlyxtozepo [495.4| 1,9 14 109 16 56 10,0019| 6,346 | 0,23

Kymrozepo [1707,5] 2,8 11 1,8 19 83 10,0046] 0,993 6
Ctpykoszepo | 582 | 1,2 45 108 | 18,7 71 10,0027| 0,68 3,76
[Tano3epo 32,4 | 6,64 15 1,7 18 46 10,003 | 1,682 | 23,94
Jloroszepo 1412 3,2 12 1,5 16 51 ]0,0035] 1,119 | 0,28
[umozepo | 780,6 | 2,7 [ 21,5 | 2,1 16 91 10,005] 0,442 [ 2,81

Macnozepo | 218,8] 6,7 20 | 2,7 16 85 [0,0032| 0,289 0
Anno3epo 367,5| 3,1 82 | 28 | 155 22 10,0036| 0,757 | 0,82
Croprosepo 33 | 10,8 21 1,6 11 13 [0,0036] 0,778 | 2,041
FOrosepo 78,2 | 1,3 5,5 1 10 22 10,0022] 3,084 2,4
ATtHO3epO 453 1,1 4,3 1 19,4 80 10,0024 0,514 | 0,12




["abo3epo 88 3,15 | 5,05 | 2,6 | 19,5 92 10,0075| 0,43 16,32
Tymbax 27421 0,9 14 | 08| 16,5 82 10,0048| 0,662 0,8
[{yune 71 1,6 | 2,05 | 1,4 | 20,5 91 10,0011| 3,12 | 17,32
CepoBo 45 1,88 | 235 | 1,6 | 20,7 92 10,0075] 4,89 | 164,53
Jlomno3epo 634 | 1,2 2,8 1 19,6 88 10,004 | 9,845 | 56,78
TonuHCKOE 87,5 | 0,8 2,7 | 1,4 ] 19,6 116 10,0022 2,303 | 25,6
['my0okoe 38 1,44 | 2,1 1,1 20 77 10,0015| 2,76 | 27,97
[Taxxemckoe | 139,5| 3,5 6,2 | 1,1 | 19,2 80 10,003| 2,58 | 16,28
Kemckoe 1451 | 09 1,7 1 20,4 76 10,0024 1,027 | 5,34
Kyko3epo 155,31 1,25 1,6 1 20,7 106 10,002 | 4,84 29,9
Oxkmromckoe | 35,5 | 2,8 7,5 1,2 | 152 56 10,0037| 3,563 4
[Tuuemckoe 62 1,78 | 2,5 1,5 19,6 79 10,003 2,21 8,04
Hbroko3epo 94 1,41 2,8 1 19,5 81 10,0014 4,88 | 27,05
Capo3zepo 66,5 1,9 45 109 17 41 (0,003 2,616 [ 3,73
["onoBHOE 24,5 1,9 3,8 10,9 18 49 (10,0033 1,883 |[223,72
KoBikckoe 6248 | 5.9 15 2,1 | 19,3 96 10,0024| 0,256 | 0,82
Jlynua 21,5 1,4 2,7 1 21 86 10,0032| 5,374 | 6,07
MaisieHpKO€e 12 1,35 1,8 1,1 19,7 79 10,0015 4.8 0,034
[TaBmunckoe | 163,9 | 4,6 145 | 1,6 | 13,2 48 (10,0048 2,287 | 1,29
Cesa 92 4,31 10 1,2 | 19,6 82 10,002| 0,88 | 18,28
Kopbo3epo 224 3,3 7,5 14| 179 55 10,006| 1,93 1,26
[TormoBckoe 72 2,8 3,5 135] 19,6 117 10,005] 1,32 |507,89
Xubanbckoe | 76,3 1,4 2,1 1,4 | 1873 88 10,0032| 0,683 | 6,11
Kanozepo 6 1,84 2 1,2 | 184 84 10,004 | 2,77 | 53,96
['psizHO3epo | 1125 1 2 1,8 21 97 10,0041]| 1,831 | 0,085
Konozepo 101,1] 1,2 1,7 | 1,2 16 85 10,0032] 2,465 0
Bexko3zepo 35,2 2,1 7.5 2,51 18,8 97 10,0023] 3,35 1,41
Bepkozepo 53 0,73 1,2 1 18,5 95 10,0029] 0,234 | 0,16
[Tspx03epo 1173,6| 1,9 4.5 1,8 | 17,5 91 10,0029 1,181 | 0,31
benoe 12 3 82 10,9 18 76 10,0025 1,723 | 0,087
Kienosepo 73,4 39 7 251 17,5 95 0,005 | 0,085 0
Jlunnozepo | 8433 | 1,7 2,7 | 1,2 | 16,2 91 10,002]| 0,833 | 1,09
Macio3epo 180 2,3 5,1 1,3 | 184 103 10,0026| 1,109 | 0,41
Moporikoe 648 1,3 2,1 05| 232 98 10,0175| 4,765 4.4
Hckpuikoe 668 | 1,16 [ 25 | 05| 21,4 88 10,127 2,921 | 0,49
Bepxnee 57,8 | 0,6 08 |08] 19,8 89 10,0064| 0,882 | 0,35
CIHUIIOBCKOE 32 2,39 39 |26 23 93 0,002 | 2,345 7,6
SHIIpOBCKOE 65 1,36 | 2,05 | 09| 22,1 87 10,0125| 3,294 0
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IIpuniaoxenne 3
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IIpunaoxene 4
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