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BBEJAEHUE

JIro6oi1 TBoOpueckuil Tmpoiecc — OyIb TO HM3YyUYEHHE 3aKOHOB MPUPOJBI WIH
pa3paboTKa HOBOM TEXHOJIOTMH, pa3Be/ika MECTOPOXKJICHUI WU CO3JaHUE HOBOIO
000pyZI0BaHUSI — COIPOBOXKJAETCS MOCTPOEHUEM Mojeneld. B mupokom cmbicie
MOJENb — 3TO MBICIICHHO MPEACTaBIsEMas WIM MaTE€pUaJIbHO pEeaIu30BaHHas
cUCTeMa, KOTopas oToOpaxass WM BOCHPOU3BOAS  OOBEKT HCCIEIOBAHUS,
Ccrioco0Ha 3aMeniaTh €ro Tak, YTOoObl €€ M3y4YeHHUe Jajo HOBYIO MH(MOpMAIHIO 00
3ToM 00BekTe. TakuM 00pa3oM, MOJETUPOBAHHE SBISETCS METOIOM H3YYCHUS
MPOIIECCOB WU OOBEKTOB, TPU KOTOPOM HUCCIEAOBAHUS MIPOBOMASIT HA MOJIEIAX, a
pe3yJIbTaT PaCpOCTPAHSIETCS HA OPUTHHAIL.

CoBpeMeHHOE XUMHUYECKOE MPOU3BOJICTBO TMPEACTABISET COO0OM  CIOXHYIO
XUMUKO-TEXHOJIOTHYECKYI0 CHUCTEMY, COCTOSIIYI0 M3 OOJBIIOrO KOJIUYECTBA
anmnapaToB M TEXHOJOTUYECKUX CBsI3ed Mexay HUMU. CiieoBaTeNIbHO, pa3padoTka
U DKCILUTyaTalys MpOU3BOJICTBa TpeOyeT 3HAHUS KaK OOIIero mojaxoja K npodiaeme,
TaKk ¥ OOJBIIOr0 KOJMYECTBA BOIMPOCOB, HEMOCPEACTBEHHO CBS3aHHBIX C
paccMaTpuBaeMOU TEXHOJIOTHUEM.

[Iponecchl, CBA3aHHBIE C XUMUYECKOW TEXHOJIOTUEH, OUEHb CIIOXKHBI. JTO MPEKIIE
BCEr0 XUMMYECKHE IMPEBPALCHUS B amlaparax pas3jIMuyHbIX KOHCTPYKIIHM,
OOyCJIOBJIGHHBIX ~ OCOOEHHOCTSIMH  TPOTEKAHWS ~ XUMUYECKHX  pPEaKIuH,
MHOTOKOMITOHEHTHOCTBIO M MHOTOCTaAMMHOCTBIO MHOTMX M3 HuX. He wmeHee
CJIO)KHBI U MacCOOOMEHHBIE TPOIIECChI, B YaCTHOCTH MPOLECCHl PEKTU(UKAIUN
MHOTOKOMITOHEHTHBIX CMECE. B 3IeKTpOXMMHUYECKON TEXHOJOTUH AKTYyaJbHbI
3a1a4u ONTUMHU3ALLINAN TEXHOJIOTUI DIEKTPOOCAKICHUS. IIporpecc
ralbBaHOTEXHUKU TpeOyeT METAIbHOTO W3Yy4YCHUsl CIEIJICHUS OCaJKOB B
3aBUCUMOCTH OT TOATOTOBKH MTOBEPXHOCTH MOKPBIBAEMOTO MeTasa. B wactHocTH,
HEOOXOJAMMO H3YYHTh TOHYAHMIIME CJIOU CIUIAaBOB, OOpa3yroluecs B KOHTAKTe
YUCTOW OCHOBBI C MOKPBITUEM, U UCCIIECA0BATH BIMSHUE UX COCTAaBa U CTPYKTYPbI
Ha MEPBOHAYAIIBHBIE CTAJUU JICKTPOKPUCTATUITUZALMH.

JIns1 pemieHnst 3TUX CI0KHBIX HAYYHBIX U TEXHOJIOTMYECKUX 33/1a4 XUMHUYECKUX
IPOM3BOACTB  MCIHOJIB3YIOTCS  METOAbl MAaTE€MaTU4YECKOr0  MOJEIUPOBAHUS.
CoBpeMeHHbIE CHEIUATUCTBl JOJDKHBI YMETh pa3padaThiBaTh MaTeMaTHUYECKHE
MOJIENIA TEXHOJIOTUYECKHUX MPOIIECCOB U 000PYI0BAHUS.

B nmaHHBIX METOIMYECKHX YKa3aHHUSIX PACCMOTPEHBI HEKOTOPBIC ACTIECKTHI
MOJeIUpoBaHusl  (YHKIIMOHAIBHBIX  3aBUCUMOCTEHM, a TakXe JIMHEWHbIC
KOPPEJSIUOHHBIE MOACIH (CTATUCTUYECKUE U KOPPEISAIIMOHHBIC 3aBUCUMOCTH ).

B mocoOuu pgaHbl OCHOBHBIE ONpeAcieHUs U (POPMYJIbI, TPUBEICHBI
MPUMEPHI TOCTPOCHUSI MOJIENICH PA3TUYHOrO0 THUIA, TMPUBEACHBI 3aJaHus A
paboThI B ayIUTOPUU U UHIUBUIYAJIbHBIC pACUETHBIC 3a/1a4H.

Ilens mpenmaraemMoro y4eOHOTO MOCOOWSI TOMOYhL CTYJE€HTaM OCBOWTH
METO/IbI pa3pabOTKM MPOCTEHUIIMX MaTEMaTUYECKUX MOJeNeH XUMHUKO-
TEXHOJIOTUYECKUX MTPOLECCOB U 3aKPENHUTh MaTepuai, N3y4aeMblil B JUCLUILINHE:
«MaremaTnueckoe MOJICIIMPOBAHUE XUMUKO-TEXHOJIOTUUYECKUX MPOLIECCOB).



1 MOJIEJTMPOBAHUE ®YHKIIMOHAJIBHBIX 3ABUCUMOCTEM

IIpu  MopenupoBaHMM  (PYHKIHMOHAQJIBHBIX  3aBUCHUMOCTEHl  OOBIYHO
UCIIOJIB3YETCSI METOJl HAaMMEHbBIIUX KBAaAPAaTOB. DTOT METOJ ABJIAETCA OJHUM U3
METO/IOB TE€OPUH OIIMOOK I OLUEHKH HEWU3BECTHBIX BEIMYHMH IO pe3yjibTaTam
U3MEPEHH, COAep)KalllUM ClIydailHble OIMOKH,  TPUMEHSAETCA TakxkKe s
npUOIKEHHOTO TIPEICTABICHUS 3aJaHHON (PYHKIMU APYTrUMHU (60Jiee MPOCTHIMHU)
(GYHKIIUSMU M YaCTO OKA3bIBAETCS MOJIE3HBIM MTPH 00paboTKe HAOII0IeHU

a. OCHOBHbIE THUIIHI SMITHUPUYECKHX (Popmy.a
MeTox HaMMeHbIINX KBA/IPATOB

B nmpakTtudeckux NpuMEHEHUSAX MAaTEMATUKNA OYEHBb YACTO BCTPEYAETCS TaKasl
3a1ada. 3aBUCUMOCTh MEXIY NEPEMEHHBIMM BEIIMYMHAMU BBIPAKACTCA B BUJC
TaONMUIIbI, TOJYYEHHOW ONBITHBIM MyT€M. OJTO MOTLYT OBITb pE3yJbTaThbl
HKCIIEPUMEHTA, TaHHbIE HAOMIOIEHUN WJIM U3MEPEHUH, CTaTUCTUUECKON 00paboTKu
Marepuana. Hanpumep, 3aBUCHMOCTH IIyTH, IIPOMIEHHOIO TEJIOM, OT BPEMEHU;
JaHHbIE O LIEHE Ha MUICHWIy M MHJEKCHl aKUuil rnepepadaThIBAIOIINUX MILEHUILY
KOMIAHUM; [pUObUIM NPEANpUATUS IO ToJaM JESATENIbHOCTH NPEIIpUATHS;
JVHAMHUKHA TPUPOCTA MACCHI CEIIbCKOXO3SMCTBEHHBIX KUBOTHBIX OT KOJUYECTBA
KOPMOB H T.II.

[lycTp naHa sMnupu4deckass 3aBUCUMOCTb.

Tabnuna 1

Xn
X1 X2 e Xi

Yn

Y1 Y2 ‘e Yi

TpeOyeTtcst BbIpa3uTh 3aBUCUMOCTb MEXKIY MEPEMEHHBIMU aHATUTHYECKU, T.
€. natb (opmyiy, CBS3BIBAIOIIYI0 MEXIy COOOM COOTBETCTBYIOIIME 3HAYCHUS
nepeMeHHbIX. Takas Qopmyna odeHb oOOJieT4yaeT aHajdu3  HM3ydaeMou
3aBucuMocTd. Dopmynel, cioykamuye IS aHAIMTHYECKOTO TPECTaBICHUS
OTIBITHBIX JAHHBIX, TPUHITO HA3BIBATH IMAUPULECKUMU POPMYTIAMU.

3ajadya HaAXOXKACHUS SMIIUPUYECKUX (POPMYJT 3aKITHOYAETCS B CIEAYIOIIEM:

1) ycranaBnmuBaercs Bua 3aBucuMoctH Y = f(X), T.e ycraHaBiamBeTCH,
SBJISIETCS JIU OHA JTUHEWHOMW, KBaIPAaTUYHOM, TOTapU(PMUIECKON WIIH KaKOH-THO0

JPYTOH, KOTOPAsi CONEPKUT Psijl YUCIOBBIX TapaMeTpoB a, b, c, ...;
S)
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2) omnpenenstoTcsl HEM3BECTHBIE TapaMeTpbl (PYHKIIMU, TaK YTOOBI KpUBast
y = f(X) Hamnyumum o6pa3oM n300paxaiia 3aBUCUMOCTb, MTOJIYYCHHYIO B OIBITE.

ITyctb pe3yabTaTbl HKCIEPUMEHTAIbHBIX HCCIEAOBAHUM HAHECEHbl HA
IJIOCKOCTh, mape uyuced (X, VYi) COOTBETCTBYET TOYKa C TaKUMH K€
KoopauHatamMu. Pa3ymeercs, CylIeCTBYET MHOKECTBO KPHBBIX, MPOXOISAIIUX
Yyepes3 3TU TOYKHU (CM. pUCYHOK 1).

Pucynox 1.

[IpennonararoT, 4TO KpuBasi UCTUHOM 3aBUCUMOCTH — HauOozee Tiajakas
KpuBasi (IIYHKTHp), COIJIACOBaHHAs C OSMIUPHUYECKUMH JAaHHBIMHU, MO3TOMY
MMEHHO €€ MPEAnoyTeT uccienoarenb. OqHaKo, I NTPOBEPKHU NMPABUIBHOCTH
BBIBOJIA IPOBOJUTCS €IIE PsAJ OAHOBPEMEHHBIX HM3MEPEHUN BEIWYMH X U Y.
JIonOTHUTENBHBIE TOYKM HAHOCATCA HA INIOCKOCTh. EciyM OHM OKa3bIBarOTCs
JOCTaTOYHO OJIM3KUMHU K BBIOpAaHHOW KPHUBOM, TO MOKHO CUUTaTh, YTO BUJ
KPUBOM YCTaHOBJIEH.

Kpome TOro, BO MHOrmx ciydasx XapakTep 3aBUCUMOCTH MEXKIY
NEPEMEHHBIMA BEJMYMHAMU OIpENesieTcs M3 KaKUX-JIMOO TEeOpPEeTUYECKUX
COOOpakeHUl HE MAaTEeMaTUYECKOT0 XapakTepa (HampuMep, UCIOIb3ys OIBIT
npealecTBYOMUX uccienoBanuil). Hampumep, u3BecTHO, YTO mpu CBOOOIHOM
naJieHud Tejla B IyCTOTE 3aBUCHUMOCTb MYTH OT BPEMEHM JaeTcs (OpMYIIOu:

_ot’
S—T.
3nech §—K0dhOUIIMEHT MPONOPLUHUOHATLHOCTH, SIBISIFOUTUNCS YCKOPEHUEM CHITBI
TSKECTU; €ro 3HAUYCHUE HAXOJUTCS U3 OIBITA.

W3mepsis  (pakTUdecku MPOMICHHBIM TEIOM TMYyTh B pa3HbIe MOMEHTHI
BpPEMEHU, MBI MTOJTy4aeM TabIUIly COOTBETCTBYIOIIMX 3HAUCHUIN MEPEMEHHBIX t 1 S.
3aa4a COCTOUT TEMEeph B TOM, YTOOBI, MCXOJsI W3 HAOJIOaeMbIX 3HAYCHUH,
nogo0path mnoaxojsmiee 3HaueHue (. Ecnu Obl naHHBIE HaOMIOACHUS OBLIN
TOYHBIMHU, TO JUISl HAXOXJCHHUS BEIWYHMHBI ( JIOCTaTOYHO OBLJIO HUMETh OJIHO

3HaueHue t W COOTBETCTBYyMOLIEEe 3HaueHue S. Ho momydyeHHble 3HA4YeHUs S
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cozepKaT OMIMOKM M3MEPEHHMM M U3 KaXA0ro HaOmojeHHs OyneT MOoay4yaThCs
JIpyroe 3Ha4YeHWe S; HYKHO m0A00paTh 3HAYEHHUE S TaKWM, YTOOBI OHO
HAWJTy4IlIUM 0 Opa30M YIOBJIETBOPSIIO BCEM HAOIIOICHUSIM.

Eme wame mpuxonurtcs BcTpeuatbest ¢ Oosiee o0miei U 0osiee CIOXKHOM
3a/layeii: B pe3ysbTare HAOMIOJICHUI MOIy4YEH pAJl 3HAYCHUU MEPEMEHHBIX X U ),
OJTHAKO HWCTUHHBIM XapakTep (GYHKIUOHATHHOW 3aBUCUMOCTH MEXAY HUMU
OCTAETCSl HEU3BECTHBIM.

3nech MBI MOXKEM CTaBUTh TMepen coOoil Ienb Mmoao0parh KaKyko-1u0o
dbopMyny, HawIydliuM 00pa3oM OTOOPAKAIONIYI0 TOJIYYEHHBIE PE3YJIbTaThl.
[TpumeHsIoTCS 1Ba pa3IMYHbIX METOJIa MOCTPOCHUS Takux (popmynn. OauH U3 HUX
COCTOUT B TOM, YTO CTPOUTCS MHOTOWICH, MPUHUMAIONIUNA B 3a/JlaHHBIX TOYKaxX
3aJJaHHbIC 3HAYEHUS, 4 UMEHHO: 110 JBYM M3BECTHBIM TOYKAaM CTPOMUTCS JUHEWHAs
byHkus (npsmas), Mo TpeM - KBaapatuuHas (mapabosna) u 1. 1. JloCTOMHCTBO
TOTO METOJa B TOM, YTO MOJIydyeHHass (opmysia B TOYHOCTH BOCIPOM3BOAMT
3a7jaHHble 3HaueHus. Takoro posia GopMyJibl HOCAT Ha3BaHUE UHMEPNOTIAYUOHHBLX
dopmyn.

Hpyroii Meron moadopa SMIUPUYECKUX (POPMYNI COCTOUT B TOM, UTO IO
JAHHBIM pe3yJbTaTaM HaOmoJeHui noadupaercss HauOosee mpocras ¢Gopmyia
TOTO WJIM WHOTO THUMA, Jarolllas Hauilydllee NpUOIMKEHHUE K HMEIUUMCS
naHHbiM. Ilpu 3TOM (Qopmyna HE BOCHPOM3BOAUT B TOYHOCTU JAHHBIX
HAOJIOICHUS, HO 3TOr0 M HET CMbICIA TPeOOBaTh, YUYUTHIBAs, YTO IMOITYUYEHHBIC
pE3yNbTAThI MOTYT COAEPKATh OLIMOKU U3MEPEHUM.

[Ipexxne yeM mepexoauTh K BOMPOCY O BBIOOpPE THIA TMOIAXOISAIIEH
dbopMyIibl 1 10A0OpE NapaMETPOB, HY’)KHO YTOUHHUTH, UTO CJIEAYET HIOHUMATh MO/
CJIOBAMM «HAaWJy4Ylle€ COBMANEHUE C HMEIOIUMHUCSH AAHHBIMU». ODTHUM
CJI0BaM MOXHO TpPHUIAaBaTh Pa3JIUYHBIM CMBICI, W TOTJa MBI OyJIeM MOIy4aTh
paznu4HbIe POPMYIIBI JIJISI OHUX U TEX K€ pe3ysibTaToB HaOmoaeHui. Kaxnas us
HUX OYJIET B CBOEM CMBICIIE «HAMITYUILIECID.

Yame Bcero mnpu noa00pe SMIOUPUYECKHX (HOPMYS TOJB3YIOTCS TaK
Ha3bIBAEMBbIM METOAOM (npunyunom) HaumeHovwux keéaopamos. OH OCHOBaH Ha
TOM, YTO U3 OAHHO20 MHOdXcecméa ¢opmyn euoa y=f(x) naunyuwum obpazom
uzoopadicaroujell OaHHble 3HAYEHUs CUUmaemcsi ma, 01 KOMopou CyMMAa Keaopamos
OMKIIOHEHUTl HAOII00AeMbIX 3HAUEHUL! O BbIYUCTEHHBIX ABTIAEMC HAUMEHbUIEU.

[TonGop mapamerpoB ¢yHkimu f(x), OCHOBaHHBIN HA TOM METOJIC, HAa3bIBAIOT
CnoCcobOM HAUMEHBUUUX KBAOPANO8.

Heo0xo1MMo MOMHHUTB, YTO CIOCOO HAUMEHBIIMX KBAJIpPaTOB MPUMEHSETCS
i moadopa mapamMeTpoB mocie Toro, kKak Bui QyHkmum y = f(x) ompenernes.
Ecnn u3 teopernueckux cOoOpaKeHHMM HEeNb3sl clellaTh HUKAKUX BBIBOJOB O
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TOM, KakOHW JOJDKHA OBITh OSMmmpuueckas QopMmysna, TO TPUXOIUTCS
PYKOBOJICTBOBATHCS HATJISITHBIME MPECTABICHUSIMU, MPEXKAE BCETO TpaduueckumM
n300paKeHneM HaOJIOACHHBIX JaHHbIX. Bua ¢dyakuun y = f(x) BeiOupaeTcs TaKuM
o0pa3oM, 4yTOObI TpaduK ATONH (PYHKIIUU MO BO3MOXKHOCTHU OJIM3KO HAlOMHUHAI
pacmnoyiokeHne Ha rpa(uKe JaHHBIX HAOIIOICHUSI.

[TokaxkeM, Kak MpPaKTHUYECKH TMOAOUPAIOTCA MO CIOCO0Y HAMMEHBIINX
KBaJpaToB KOX(PUIMEHTHI Ais (GYHKIUN MNpocTeHmx BUAOB. OrpaHuYHMCS
CIIeAYIOMMMU BUaMu QyHKIWIA: TuHeHas GyHknus (y = ax + b), KBagpaTudHast

b
¢yrkmus (y = ax? + bx+c), runepbona (y = a+ ;) U MOKa3aTeabHas QyHKIIHSI
(y=a b?).
b. Jluneitnas pyHkuus

JIunelinast pyHKLIMS UMEET BUA: Y = ax + b
[Tycth 3a1ana Tabnuna 2 3HaYeHHU IEPEMEHHBIX U COOTBETCTBYIOIIHE

Tabnuya 2
Xl Xg e Xn_]_ Xn
Y1 y2 e Yn—l yn

TOYKH PACIOJIATAIOTCS BOJIM3H MpsiMOoi JuHuM (puc. 2). B a3ToM ciiydyae HYyXHO
noaouparb KodhPUUHUEHTH TUHEHHOU QYHKIMUHN Y = ax + b

Pucynox 2.

TaKk, 4YTOOBI CyMMa KBaJpaTOB OTKJIOHCHHWH BBIYMCIACHHBIX 3HAYCHHU axi + D
OT HaOJIFOJaEMbIX 3HAYEHUH Vi T. €. BEJINUYMHA

U = (axi + b - y1)>+ (axy + b—y2)? +...+ (ax, +b—y,)?,

IIpUHKUMAJ1da HAUMCHBIICC 3HAYCHUC.



n
Cymma U= > (axj +b — yi)* sBisercs dyHKIMeH AByX mepeMeHHBIX a u b, a
i=1
MI0TOMY OHA MPHUHUMAET MUHUMAIILHOE 3HAUCHHE MPH TeX 3HAYCHUsX a u b, mpu
KOTOPBIX OOpAINaOTCS B HYJIb YacTHBIC MPOU3BOJHBIC 3TOW (DYHKIMH MO KaXKIOH

HCpCMCHHOfI, T. €. KOrja.:

oJ oU

N _ o
oa 15

HaXOI[I/IM JaCTHBIC IIPOU3BOJIHEIC!

IIpupaBHMBas KaXAyH0 YaCTHYIO IIPOU3BOAHYIO HYJIIO, IIOJIy4aeM CUCTEMY IBYX
JMHEWHBIX YPaBHEHUN OTHOCUTEIHHO a 1 D

an—F b$>g= $>9(
[ [ = i

1)

1.3 KpaapaTnuHasi pyHKUIMs

Kpamparuunas GpyHKIUS MMEET BUA: ¥ = ax? + bx+c .
B cnyyae kBaApaTUYHON (PYyHKIMU CIENYET paCCMATPUBATh CYMMY:

m
U= E%qlaae}ﬁ,
=
KOTOpas ABIAeTCS QPyHKIMEH TpeX NEPEMEHHBIX 4, b 1 C, a MOATOMY IPUHUMAET

MUHHMAJIbHOE 3HAUCHHE MTPH TEX 3HAUYCHUSX &, D U C, TIpu KOTOPBIX 00paIiarTcs B
HYJIb YAaCTHBIE MPOU3BOJHBIE 3TON PYHKIMHU MO KaXI0H EPEeMEHHOM, T.€ KOoraa

VI VPV
oa " b oc



HaXOI[I/IM YJaCTHBIC ITPOU3BOJHBIC

[IpupaBHUBaEeM KaXKIyl0 YaCTHYIO MPOU3BOJIHYIO HYIIIO, MOJIYy4aeM HOPMAJIbHYIO

CUCTEMY:
a a a I
== == == == '
I I I I
== == == == '
m M M
= = =

1.4 ®yukuus - runepooa
['mnepOona nMeeT cieayomui Bua: y = a+ b/X .

HpI/IMeHeHI/IG MCTOAd HAMMCHBINUX KBAaAPAaTOB IIPUBOJUT K paCCMOTPCHHIO
CYMMBI BHJ1a

o b
U= &+ )
=) X

Senstonieiicss QyHKIMEH ABYX MEPEMEHHBIX TapaMeTpoB a u b.
OTbICKaHHME YaCTHBIX TPOU3BOAHBIX TAET

5 =B Jia a
S

= _——

oU oJ

BBoas ycnoBus sakctpeMyma E =0y E =0 , IoJIy4aeM
=€ yim
[ (] [ . == (]
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- a1
Zau—b— —\)=Q
=) >

NN
n n
na+b.2—_ :Z'f :
i= i=

OTcro/1a MOXHO 3aIIMCaTh HOPMAIBHYIO CUCTEMY I OIPEICIICHHUS TapaMeTPOB
aub.

ha+b 2 ZE‘-,
= =
> S>>
=) = = |.

1.5 Tloka3zaTenbHasi pyHKIUSA

[TokazatenpHast pyHKIUS uMeeT BUI: Y = a b* .

Hcnonp3yeTcs torapupmMudeckoe mpeodopazoBanre GyHKIUH Y=ab* K BUIY
Iny = In(ab*) = xInb + Inq,
BeIpaXkaromemMy INy kax JIMHEHHY0 GYHKIHIO OT X mpu napamerpax Ina u Inb.
Omnpenenenre 3TUX NapaMeTPOB CBA3BIBAETCS 3[I€Ch C OTBICKAHUEM 10 CIIOCO0Y
HAaUMEHbBIINX KBAaJPaTOB MUHUMYMa CyMMBbI BUJA:

m
U= ed bil-exlsd

=

N3 ycnoBuii
aJ aJ

= _0 " = 0
olna olnb
OTH yclIoBUs PUBOIAT K HOPMAJIBHOM CUCTEME, KOTOpasi IO CTPYKTYpE CBOEH
aHAJIOTMYHA CUCTEME, MTOJTYYEHHOU B MEPBOM CiIyyae JJid JUHEHHON QyHKIUU:

Inb K551,
Inb Sl e—>y

Halinennbie u3 3o cucrembl 3HaueHud Ina u Inb mo3BossttoT J1erko ¢
MIOMOIIIBIO TAOJIMIT JTOrapru(pMOB WK KaTbKYJISITOPA ONPEICTUTh 3HAYSHHUS a U D.
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1. Tlpumeps! pelieHHs] THIIOBBIX 32124

Ipumepl.
Jlannble 0 1ieHe Ha He(Th X (YCII.e/T) U MHICKCE aKIHii He(DTSAHBIX KOMIAHUH Y
(ycn.en) mpuBeieHbI B Tabulie 3.

Tabnuya 3

xj|17,3]117,0|18,3|18,8| 192 | 18,5

Yyi| 537 | 534 | 550 | 555 | 560 | 552

[Ipenmnosnarasi, 4To MEXIy NEPEMEHHBIMU X U Y CYIIECTBYET JIMHEHAS
3aBHCHMOCTD, HAUTH SMIIUPUIECKYI0 popmyiny Y=ax + b Meromom HamMeHbBIINX
KBaJIpaToB.

Pemenne.

[lepenuiiiem Tabauily B BUAE CTOJIOIOB U MPOBEIEM HEOOXOIUMbIC BHIUUCIICHHUS.

Tabnuya 4
n Xi Yi Xi? XiYi
1 17,3 537 299,29 9290,1
2 17,0 534 289,00 9078,0
3 18,3 550 334,89 10065,0
4 18,8 555 353,44 10434,0
5 19,2 560 368,64 10752,0
6 18,5 552 342,25 10212,0
Y 109,1 3288 198751 59831,1

CocrtaBuM crucTeMy YpaBHEHUH :

1987,51a+ 109,1 b =59 831,1

109,1a + 6b =3288
Otkyna a=11,946, b=330,78, T.c
y =11,94 x + 330,78.
Ipumep 2.
Haittu kBaipaTuuHy10 3aBUCUMOCTb JUIs1 CIEAYIOMMX AaHHbIX. [[pennpustue,
MPOM3BOJSAIIEE CETLCKOX03MCTBEHHYIO TEXHUKY, MPOBEJIO ONMPOC ITUJIEPOB U
MOJIy4HJIa CIEAYIONINE CBeIeHUs 0 cripoce Q Ha CBOIO MPOAYKIIHIO B 3aBUCUMOCTH
OT 1IeHbl P:

Tabmuna 5

P=x,mnma.pyo |1,7/19/20]21

Q=y, eic. mTyK | 27 |25 |19 |9
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Penienue.

[Tepenuiiem Tabauvily B BUAE CTOJIOIIOB U MPOBEIEM HEOOXOIUMbIC BRIUUCIICHHUS.

Ta0muma 6

n Xi Yi X;? X; xi* Xi'Yi X;? Yi
1 1.7 27 12894913 |8,3521 | 45,9 78.03
2 1,9 25 13,61(6,859|13,032 | 475 90,25
3 2,0 19 (4,00 | 8,000 {16,0000| 38,0 76,00
4 2,1 9 (4,419,261 (19,448 | 18,9 | 39,69
7,71 80 (14,91(29,033|56,8323(150,3 |283,97

CucTeMa JTUHEHHBIX YpaBHEHUN IJIS OIpeACICHUA BEAUYUH a, b, ¢ mpumer
BHU T

56,8323a + 29,0330 b + 14,9100c = 283,97,

29,0330 a + 14,9100 b+ 7,7000c = 150,30,

14,9100 a + 7,7000 b + 4 ¢ = 80,00.

PemuB cuctemy, noxydnm 3HadeHus a, b, c. yHkuus cipoca OyaeT UMeTh BH/T
Q=0,02 P?-16.64 P - 6,67.

Ilpumep 3.
NmeroTest clieyrolne TaHHbIe O BEJIMUKMHE Mpodera aBToOMOOMIIS X (THIC.KM) Uy —
pacxoje macia (J1/ThIC.KM):

Tabmuna 7

xi |90 |70 |90 [110|130

yi102]/05/08]1,1 13

[Tonaras, 4To ME€XAy NEPEMEHHBIMHU X U Y CYIIECTBYET JIMHEWHAS 3aBUCUMOCTD,
HANTH SMIUPHUYECKYIO hopMyITy y=ax + b MeTo/10M HaMMeHBIINX KBaJIPaTOB.
Pemenne.

[Tepenuiiiem Tabnauily B BUAE CTOJIOIOB U MPOBEIEM HEOOXOAUMbIC BRIUUCIICHHUS.

Tabmuma 8
n Xi Yi Xi® XiYi
1 50 0,2 2500 10
2 70 0,5 4900 35
3 90 0,8 8100 12
4 110 1,1 12100 121
5 130 1,3 16900 169
> 450 3,9 44500 407
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Cucrema HOpMaJIbHBIX YPABHEHHUI UMEET BH/I:

44500a + 450b = 407
450a +5b =39

Ee pemienns a=0,014, b = -0,48. Takum oOpa3om, JTHHEWHAS 3aBUCHMOCTH HMEET
Bua: Y= 0,014x — 0,48

Ipumep 4.
NmeroTes clieiyroline TaHHbIe O pacxo/iax Ha pekiiaMmy X ( ThIC. YCII.EJI.) U COBITE
NPOIYKUUH (ThIC. €]1.):

Tabmuma 9
xill |2 |3 |4 5
yi|1,6140(7,4]12,0]18,0

[Ipenmonarasi, 94To MEX1y NEPEMEHHBIMU X U Y CYIIECTBYET KBaAPATUYHAS

3aBHUCHUMOCTb BUJA Y = ax? + bx + ¢, HaiiT 3HaYEHHS napameTpoB a, b, C meTogom
HauMMEHBIIMX KBaJIPaToB.

[lepenumiem TabauIy B BU€ CTOJNOLIOB U MTPOBEAEM HEOOXOUMBIE BBIUYUCICHUS.

Tabmuma 10
n Xi Yi Xi? Xi® X XiYi Xi® Yi
1 1 1,6 1 1 1 1,6 1,6
2 2 4,0 4 8 16 8,0 16,0
3 3 7,4 9 27 81 22,2 66,6
4 4 12,0 16 64 256 48,0 196,0
5 5 18,0 25 125 625 90,0 450,0
> 15 43,0 55 225 979 169,8 680,2

CucreMa HOpMaIbHBIX YPABHEHUN UMEET BUL:

Eé pemenns a=0,3, b=0,48, c=5,06. ickomas 3aBUCUMOCTh UMEET BULI:

979a + 225b + 55¢ = 680,2,
225 a+55b+15¢=169,8,

55a+15b +5¢=49,0.

y=0,3x% + 0,48x +5,06.
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Ilpumep 5.
Nmeercs mecTs U3MEpEHUN Maphl IEPEMEHHBIX (X,Y) pe3yIbTaThl KOTOPBIX
MPUBEICHBI B TAOJIMIIE:

Taomuma 11
Xi 1 2 3 4
Yi 0,2 0,3 1,0 1,2

MeTo10M HauMEHBIINX KBAIPATOB MIOCTPOUTH JIMHEHHYIO 3aBUCIMOCTh y=ax + D.

1
CpaBHUTH MOTYYEHHYIO 3aBUCUMOCTD C 3aBUCUMOCTBIO Y= gxz )
Penrenmue.

AHanornyHo npuMepam 1,3 HaiiieM ypaBHCHHE JTUHEHHON pEerpecCHH:
y=0,37x — 0,25.

n
CpapauM BenuuuHbl U = Z(y —y,)? IU1sl HAlIEHHOW JTMHEWHOH 3aBUCUMOCTH U
i=1

1
3aBUCHUMOCTH Y= gxz . HpOMG)KYTO‘-IHI)Ie BBIYHCJICHHUA IIPCACTABHUM B Ta6JII/II_ICZ

Tabmnma 12
n | XlVi lxz 0,37x;— 0,25 (lx_z_ (0,37x;— 0,25 —yi)2
8 1
yi)?
11110,2/0,125 0,12 0,005625 0,0064
212103| 05 0,49 0,040000 0,0361
3(3(10(1,125 0,76 0,015625 0,0576
414 11,2 2 1,23 0,640000 0,0009
Y- - - - 0,701250 0,1010

Kaxk Bugno U< Uy, clleqoBaTeNbHO, JHMHENHHAS 3aBUCUMOCTD
MPEANOYTUTEIBHEE.

1. 3apanus qjis padoThl B Ay IMTOPUM

|. Umeromes cnedyrowue oannvle o senuyunax X u'y. Ilpeononazas, umo
Medcoy X u'y cyujecmsyem JUHEUHas 3a8UCUMOCb, HAUMU IMAUPULECKVIO

popmyny
y=ax + b memooom naumenvuux xaopamos.
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3aoaua 1.

X — IIeHa Ha ToBap (yci.el.); Y — YPOBEHb MPOJiax (ThIC.C1I.):
Tabnuya 13

Xi{301401(50|60/70

yi | 200 | 160 | 120 | 90 | 80

3aoaua 2.
X — YPOBEHb MOTPEOICHUS ICKTPOIHEPTUH HA IpeANpUITHH (MIH.KBT "4); y —
ce0ECTOMMOCTD €AMHUITHI PO TYKITHH:

Tabnuya 14

X | 30|40|50 60|70

yi|18120|21 |24 |25

I1. 7o sxcnepumenmanvubim OAHHBIM ROCMPOUMb MEMOOOM HAUMEHLULUX
K6a0pamos IuHelnyio sasucumocms y=ax + 0. Cpasuume nonyuenmnyio
3A8UCUMOCIb C ANbMEPHAMUBHOU U ONpedeumb, KAKas U3 HUX aydule
coomeemcmayem 3KCNePUMEHMATbHbIM OAHHBIM.
3aoaua 3.

Tabnuya 15

Xi| 2 (25| 3 35| 4

Vi|42|55(69| 8 |95

AnbTepHaTUBHAsA 3aBUCHMOCTB Y=2X + 0,1X2,
3aoaua 4.
Tabnuya 16

il 112 |3]4]5

vi| 10|14 (172022

AJbTepHATUBHAS 3aBUCUMOCTh Y= Jx .
3aoaua 5.
Tabnuya 17

Xil 1,0 1520 | 25| 30

yi1050]0,30|025|0,18 | 0,12

AnbpTepHaTUBHAS 3aBUCUMOCTD Y=27%
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1.8 IMoadop 3MnupuvecKux (popmMy.i o BHIGOPOYHBIM JAHHBIM

3aBUCUMOCTb IIIOTHOCTH ToKa (A/nM?) - X; oT koHneHTpanyuu [TAB (Mi1/11) B
DIIEKTPOJIUTAX HUKEITUPOBAHUS - Vi

Tabnuya 18
Xi Yi
1 5
2 4
4 3,5

TpeOyeTcst momoOpaTh TUIT 3aBUCUMOCTH, HCTIOIB3YST METO HAUMEHBIITNX
KBaJpaToOB, UCXOJIA U3 YCIOBHUSI MUHUMYMa CyMMbI KBaIpaTOB OTKJIOHCHUI.
Crnenatb uepTex OJHOU U3 HauboJiee MOIXOASIINX 3aBUCUMOCTEN, HAHECTH Ha
rpaduK UCXOHBIC IaHHBIE.

1.Jlunennasn 3asucumocmo: y=ax+b.
3anumieM HOPMAJIBHYIO CUCTEMY TS OTIpE/ICTICHHS TapaMeTpoB a U b
3aBUCUMOCTH: Y = aX + b

IS5 ——>
Scbnm >y

Ai= Ypaca - Yi. .
Tabnuya 19

I Xi | Yi | X% | XiYi | Vipacs | A AP
111 5 1| 5 14,79 0,21 | 0,0441
2|12 4 | 4| 8 [4,33]-0,33|0,1089
34|35 (16| 14 |3,41| 0,09 | 0,0081
> 7112521 | 27 0,1611

24— 27

=i 1507 -0,46; b~ 5,25

y =-0,46x +5,25.
BeraucisaeM Yipac -
X1= 1; Yipacu=-0,46-1+5,25=4,79
X1= 2; Y2 paca =-0,46-2+5,25=4,33
X1=4; Y3 paca =-0,46-4+5,25=3,41.
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2. Keaopamuunas 3aéucumocms: Yy = ax®+ bx + c.
3anuiieM HOPMAJIBHYIO CUCTEMY ISl OTIpEICTICHHS TapaMeTpoB a, b u C naHHO#

3aBUCUMOCTH:
I I T I
== == == == ,
I I I I

=SEEhas a3

- - =
() /M
ISy
= = =

Aiz ypa0q - yi .

o f
p

Tabnuya 20

X[ Vi XY | X2 XY X3 X | Vipacs | A | AR
111 5 5 11 5 1] 1 5 0|0
212 4 8 | 4| 16 | 8 | 16 4 |00
34|35 |14 16| 56 |64|25 | 35 |0| O
S| 71125\ 27 (21| 77 |73 |273 0
F-iC <= « =dvd

T@BAAWBGC=27T7 =0,25;b=-1,75c=6,5

23O =

y =0,25%x?- 0,75x + 6,5
Beraucnsem Yipacu:
X1=1; Yipaca =0,25- 12—~ 1,751 +6,5=5
X2=2; Yapaca =0,25- 22-1,752 + 6,5 =4
X3=4; Y3paca =0,25- 42-1,754 + 6,5 =3,5.

b
3. [pobno-nuneiinas 3aeucumocms. Yy = a + e

3anuiieM HOPMaJIbHYIO0 CUCTEMY JUTsl ONpeeIcHHs apaMeTpoB a u b manHoi#
3aBUCUMOCTH:

Aiz ypacq - yi .
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Tabnuua 21
Xi| Vi [Xé| Ui | X% | YilXi | Vipacs | Ai | A2
1| 5 1 1 1 5 5
2| 4 4 105 ]| 0,25 2 4
4135 1(16(0,25|0,0625(0,875| 3,5
71125121|1,75(1,3125| 7,875

ool o
ool oo

BoeruucisaeM Yipac:

2
X1:1; Y1pacu =3 +I =5

2
X2=2; Y2pacu =3+ E =4

2
X3:4; Y3pacu =3+ Z :3;5
4. Ilokazamenvhas 3asucumocms: Y = a - b¥

3anuiieM HOPMaJTLHYIO0 CUCTEMY UTsI OTIpEACIICHHsI TapaMeTpoB a u b nanHOi

3aBUCUMOCTHU.
< ry<——liyn
1% S p- = 751
Ai: ypacq'yi.
Tabnuya 22
X | Y | X2 Iy | X INYi | Vipaes | A AP
1111 5 [ 1]161] 161 |4,86] 0,14 |0,0196
212 4 | 411,39] 2,78 | 4,37]-0,37]0,1369
314| 35 |16]|1,25 5 3,54 |-0,04 | 0,0016
y|71125[21[4,25] 9,39 0,1581

A=
— . h—n-0,11 . - - A—pnl,68
<:7I’an_i2. Inb=-0,11; b=e®!~0,9; Ina=1,68; a=e'*°x54

y =5,4-0,9%
BrerauciseMm VYipaca:

X1=1; Yipace =5,4- 0,9'~4,86
19



X2=2; Yapaca = 5,4+ 0,9%~4,37
X3=4; Y3paca =5,4- 0,9%~3,54
CyMMBI KBaJIpaTOB OTKJIOHEHUM PaCUETHBIX JAHHBIX OT TEOPETHUYECKUX
MAHHBIX JUIA HAaWJEHHBIX 3aBUCUMOCTEH 3aImMcadbl B Ta0i1.23.

Tabnuya 23
I | 3aBUCUMOCTh > A2
1| y=-0,46x+5,25 0,1611
2 | y=0,25x%-0,75x+6,5 | 0
3 a2 0
V=3 +
4 | y=5,4.0,9% 0,1581

BbhIBO/I: Haunyumum o0pa3oM MOAXOAUT IPOOHO-IMHEWHAsS 3aBUCUMOCTh

2
(y=3 + ;) ¥ KBajpaTuuHas 3aBucuMocts (Y=0,25x%-0,75x+6,5).

CrnemnaeM yepTex OAHON U3 HanOoJIee OAXOIAIINX 3aBUCUMOCTEN, HAHECEM Ha
rpauK UCXOJIHBIE TaHHBIE.

1.9 UuauBuayabHbIE pacuyeTHbIE 3a]aHUs

B xoze nccnenoBanus Mojy4eHbl CIEAYOINE JaHHbIE:

TemoTa pacTBOpEHU HEKOTOPOU COJIA OT TEMIIEPATYPHI OKPYKAKOIIECH CPEIBI.
1o, i€ X — TeIJIOTa pacTBOpPeHUs1 HekoTopo# conu - AH, x/[x/Moinb; Y —
Temreparypa okpyxatomeit cpeasl - T,° C.

Tpebyercs mogo0paTh TUIT 3aBUCUMOCTH, UCIIOJIb3YSI METO]] HAMMEHBIITUX
KBaJIpaTOB, UCXO/ISl U3 YCIIOBUSI MUHAUMYMa CYMMbI KBaJPaTOB OTKJIOHEHU.
Crenatb uepTex OJHOU U3 HauboJIee MOIXOASIIINX 3aBUCUMOCTEMN, HAHECTH Ha
rpaduK UCXOIHbIE JaHHBIE.

Nel
Xj yi
-1 0
1 2
2 15
No2
Xi Vi
-1 -2
1 4
3 2




03

Vi
1

Xi
1

Ned

Xj

0.5

Vi
4

Vi
0

15

No7

Vi
2

o8

Neb

No5

Xj

Xj

Xj

Xi
1
0.5

09

Yi
0.5

Vi
1

NelO

Xj
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Vi

Vi

Xi

Nel2

Xi

0.5

Nel3

Xi

0.5

Neld

Xi

Nel5

Vi

-5/2
-3/2
-1/2

Vi

Vi

Xi

-2
-1
0

Nel6
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Nel7
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22



Nel8

Xi Vi
-1 -4
1 6
2,5
Nel9
Xi Yi
-1 2
1 -1
2 0
Ne 20
Xi Vi
0 3
2 4
3 5

23




2. JJUHEWHBIE KOPPEJISIIUOHHBIE MOJIEJIA
2.1 CraTucT4yecKasi 1 KOppeJasiiMOHHAasi 3aBUCUMOCTH

MHorue 3amaun XMMHYECKUX TMPOU3BOACTB TPEOYIOT YCTAaHOBUTH W OIICHHTH
3aBUCUMOCTh W3Y4ae€MOW CIIy4ailHOM BeJUYHUHBI Y OT OJIHOM WMJIM HECKOJIBKHX
JIPYTUX BEJMYHH.

JIBe ciyd4ailHble BEIWYHMHBI MOTYT OBITH CBSI3aHBI JHOO (DYHKIIMOHAIBHOM
3aBUCUMOCTBIO, JIMOO CTAaTUCTUYECKOM 3aBUCHUMOCTBIO, JIMOO MOTYT OBITh
HE3aBUCUMBIMH.

Crporue  ¢GyHKUMOHAIBHBIE  3aBUCUMOCTH  M3Yy4alOTCsS B Kypce
MaTEeMaTHYECKOr0 aHalu3a. B MaTeMaThdeckoll CTaTHCTUKE paccMaTpUBAIOTCS
«Pa3MBITHIE)» CTATUCTHUECKUE 3aBUCUMOCTH.

3aBUCHUMOCTh MEXIYy BennmunHaMu X U Y, COCTOAIIAs B TOM, YTO KaxJAOMy
3HAYCHUIO OAHOW BeMWYUHBI (X) COOTBETCTBYeT HE OJIHO 3HAuCHHUE, a
pacrmpejiefieHde 3HAYCHWM Jpyrod BEJIMYUHBI, HA3bIBACTCS CMIAMUCMUYECKOU
3A8UCUMOCTBIO.

Koppenayuonnou 3asucumocmoio Ha3bIBaCTC (PYHKYUOHAIbHAS 3aBUCUMOCTh
MEXIY 3HAYCHHSIMH OJHOM CIIy9allHOW BEJIWYWHBI W YCJIOBHBIMH CPEIHUMH
3HAYEHHSIMH IPYTOM CIIy4ailHOW BEJTUYUHBL.

[Ipumep. Ilyctb Y — ypoxkail 3epHa, X —KoiaudecTBO ynaooOpenuid. C
OJIMHAKOBBIX IO TUIOMIAIN YIaCTKOB 3€MJIH MPHU PABHBIX KOJIWYECTBAX BHECEHHBIX
yaoOpeHU CHUMAIOT pa3HBId ypoka, T.e. Y HE SBISETCS OJHO3HAYHOM
dbynkuueir ot X. IT0 0OBSICHSIETCS BIUSHUEM CIIYYalHBIX (PAKTOPOB BIUSIOIIUX
Ha Yypokaii(ocaaku, Temmeparypa Bo3ayxa W Jp.). OmHAKO cpednull ypooicai
apigercss (yHKIMEH OT KoiuuecTtBa yaoOpenu#, T.e. Y cBsizaH ¢ X
KOPPEISLMOHHON 3aBUCHMOCTBIO.

2.2 KoppessinuonHasi Tadauina
[Tycth umeroTcs nBa psifa BHIOOPOYHBIX 3HAYCHUW 3aBHCHUMBIX MEXKIY COOOM
ciy4aitHbpix BeauunH X u Y.
[Tpu HEOOMBIIIOM YKcIie BHIOOPOUHBIX 3HAYEHUH CITydailHbIX BeuduH X 1 Y HX
3aMKCHIBAIOT B BUJIE TAOIUIIBI HAOIIOICHUIA.
Ta6nuna 24

X X1 X2 X3 e Xn
Y Y1 Y2 Y3 .. VYn
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[Tpu GonpiIOM uMce BBHIOOPOYHBIX 3HAUEHHUN OJHO U TO K€ 3HAaUeHue X,
MOKET BCTPETUTbCA Ny pa3, a 3HaueHue Y — Ny pa3, mapa uucen (X,Y) MOxKer
HaOI0aThCs Ny pa3. Tabnuma, B KOTOPON pe3ynbTaThl HAOIIOICHUHN 3alIMCaHbl B
NOpSAZIKE BO3pAcTaHUs C YKAa3aHUEM YACTOThI, HA3bIBACTCSH KOPPEISLIMOHHOM.
[TosicHUM yCTpONCTBO KOPPEISIUMOHHON TaOIHIIBI.

[Tpumep. [ns wmccnegoBaHWs 3aBUCUMOCTH OOBEMaA MPOM3BOACTBA Y OT
OCHOBHBIX (POHIOB (X, MIIH.p.), OJTYYEHBI BEIOOPOYHBIE CTATUCTUUECKHUE JaHHbBIC
10 MPEAIPUATHAM 32 TOI.

Tabmura 25

B niepBoii cTpoke Tabnuilbl yka3zaHbl HaOmogaemble 3HaueHus (12; 17; 22; 32;
37) npusHaka (ciayyallHOM BelUuYuMHBI) X, B TIEPBOM CTOJIOIE YyKa3aHbI
HaOmonaembie 3HaueHus (200; 220; 250) npusnaka Y. Ha nepecedueHun cTpok u
CTOJIOLIOB HAaxXOJATCS YacTOThl Nyy HAOJIOJAaEMbIX Map 3HAUYEHUN TPU3HAKOB.
Hampumep, yactora 8 ykaspiBaert, 4to napa uucen (22; 220) nabmroganach 8 pas.
[Ipouepk 03HayYaeT, UTO COOTBETCTBYIONIAs Mapa uucel, Hanpumep, (17; 200), He
HaOmoanack. Bece 4acToThl MOMENIEHBI B MPSAMOYTOJIBHUK, CTOPOHBI KOTOPOTO
IIPOBENICHBI )KUPHBIMU OTPE3KAMHU.
B nocnegnem cronlue 3anmMcadbl CyMMBbI 4acTOT CTpok. Hampumep, cymma 4yactot
IIEPBOM CTPOKU <(OKUPHOTO» NPSIMOYIOJIbHHMKA paBHa Ny=3+1=4; 510 u4mcio
yKa3bIBaeT, 4TO 3HaueHHWe npu3Haka Y, paBHoe 200 HaOmomanock 4 pasza. B
MOCJIETHEH CTPOKE 3amucaHbl CyMMBI 4YacTOT cToJiOnoB. Hampumep, uucimo 5
yKa3bIBaeT, 4TO 3HaUeHUe npusHaka X, paBHoe 12, HaOmoganocs 5 pa3. B kietke,
pacrojoXEeHHOW B HIDKHEM IpaBOM yriry Tabiuubl 13, momerieHa cymMMma BceX
yacToT (oOlee Yuciio BceX HAOMI0ICHUN).

Ouepunno, AJ=DIJ=F. B namem NpuMepe DIl NSek=
=l E=
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2.3 Bpi0OpoYHbIe YPABHEHHS perpeccuu

Ycnosnvim  cpeonum Y, Has3blBaeTcs  cpeAHee  apu(METHUYECKOE
HAOI0aBIINXCS 3HAYEHUH Y, COOTBETCTBYIOMINX X=X.

[Ipumep. Ha kaxnaplii u3 3-X OAMHAKOBBIX YYACTKOB 3€MJIM BHECEHBI MO 2-€
€AVHUIIBI YTOOPEHUS U CHSJIM COOTBETCTBEHHO 5; 7; 12 equnun 3epHa. U3yuaercs
3aBUCUMOCTh MEXIy ciydailHpiMM BennumHaMd X u Y. Kaxnomy 3Hauenuto X

COOTBETCTBYET HECKOJIBKO 3HAUCHHM Y X1=2; Y1=9; Yo=7; Yy3=12. Cpennee
. . =L
apupMETHIECKOE ITUX Yucen (CPemHU ypoKail): M=~ =t Yucno

yX1 ABJIACTCA YCIIOBHBIM CPCIAHHM.

AHAJIOTHYHO OIPENEISCTCS YCIOBHOE CPEIHEe Xy. YCI08HbLM CPeOHUM Xy
Ha3bIBa€TCAd  CcpenHee  apudMeTHUYEeCKOe  HaOMIOJaBIIMXCS  3HaYeHUH X,
COOTBETCTBYIOIIUX Y =Y.

KoppenaunoHHO# 3aBHCUMOCTBIO Y OT X ABiIseTcs (yHKUHOHAIbHAs

3aBUCUMOCTE: Y= f(x). ®yHkuuto f(x) naswiBator BBIOOpPOYHOH perpeccueit Y

Ha X, a e€ rpaduk — BIOOpOUHO JuHHUEH perpeccun Y Ha X. A ypaBHEHHE Y, =
f(x) Ha3pIBaeTCs BLIOOPOYHBIM YpaBHEHUEM perpeccud Y Ha X.
KoppensiioHHOM 3aBUCUMOCTBIO X OT Yy Has3blBaeTcad (PyHKUIHMOHAJIbHAS

3aBUCUMOCTB: Xy = @(X). OYHKIHUIO o(x) naspisaercs BBIOOPOYHOM perpeccuend X
1o Y, ypaBHEHHE Ha3bIBaeTCs BbIOOPOUYHBIM YpaBHEHHEM perpeccun X Ha Y, a eé

rpaduk Ha3bIBaE€TCS BHIOOPOYHON JTMHUEH pETrpecCHH.

2.4 OcHOBHbBIE 321241 TEOPUH KOPPeJISAIUT
1. YcraHOBUTH 3aBUCUMOCTh MEXIY CIy4allHBIMU BEJIUYMHAMU B BHJIE
dbopmyIbL.
2. OLIEHUTh TECHOTY (CUITY) KOPPEISAIIMOHHOM CBSI3H.
[ToscHuM TIOCHENHIO 3ahady. TecHOTa KOpPPEISLUMOHHOM 3aBUCUMOCTH,
Harpumep, Y oT X OIEHWBAETCA MO BEJIMYMHE pACCesHUS 3HA4YeHUW Y BOKPYT

YCIIOBHOTO cpenHero Y. bonbiioe paccesHue CBUACTETBCTBYET O CJIa0oi
3aBUCUMOCTH Y OT X, nu00 00 OTCYTCTBHM 3aBUCHUMOCTH. Maiyoe paccesHue
yKa3bIBaeT Ha HAJTMYME CHIIBHOW 3aBUCUMOCTH.

2.5 OTpickaHNe TAPaAMETPOB BHIOOPOYHOI0 YPABHEHUSI PSIMOil TUHUMN
perpeccuu nmo He rpynmnUpPOBAHHBIM JAHHBIM

ITycTh n3yuyaercst cucteMa KoJIMUEeCTBEHHBIX npu3HakoB (X,Y). B pesynbrare
N HE3aBHCHMBIX OIBITOB MOJy4YeHBI N map uucen (X1, Y1), (X2, Y2),... (Xn, Yn),
3alMCaHHBIX B BUJE TaONMUILI 12(HECTpynmUpOBaHHBIE BHIOOPOUYHBIE TAHHBIE).
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Haiiném BBIOOpPOYHOE ypaBHEHHE MPIMOM JmHHU perpeccud Y Ha X Y, =Kx+b,
VYriaooit kodddumueHT npsMod JMHHM perpeccud Y Ha X Ha3bIBAIOT

BBIGOPOUHBIM  K0d(Puyuenmom pecpeccuu Y Ha X u obosmauator #
Br16opouHOe ypaBHEHUE MPSMOI TMHUY perpeccuu Y Ha X MPUHUMAET BUJI:

V. =X+t (14)

-~
PasHocTH = ¥—¥ GéZ.I;, HA3bIBAIOTCS OTKJIOHEHUSIMU  BBIOOPOYHBIX
3HAYEHUU OT TCOPCTUICCKUX 3HAYECHUU IIpU3HAKa Y Yi — BBIYHUCJICHHAsA II0

ypaBHeHuto (14) opaunaTta, COOTBETCTBYIOIIAs HAOIIOAAEMOMY 3HAUYCHHUIO Xi; Vi —
HaOrofaemMasi BRIOOpOYHasi OpJMHATa, COOTBETCTBYIOIIAS 3HAUCHHIO X;.

[onGepém mapamerpsl ©» u b Tak, 4T06bI CyMMa KBaJpaToB OTKIOHEHHMI
ObLTa MUHUMAJIBHOH (B 3TOM COCTOMT CYIIHOCTh METO/Ia HANMEHBIIINX KBaIPaTOB).
Kaxxgoe OTKIIOHEHHE 3aBHCUT OT OTBICKMBACMBIX IMapaMeTpoB, MOATOMY CyMMa

KBAJIPATOB OTKJIOHEHHIT ecTh (DyHKIMS F 3THX mapaMeTpoB (BpeMeHHO BMecTo £
Oymem mucatp ),

JInst OThICKaHUST MUHUMYyMa 3TOM (YHKIIMM HaWJeM W MpUPABHUBAEM K HYIIIO
COOTBGTCTBYIOHII/IG YJaCTHEBIC HpOI/I3BOI[HI>IGZ
=
e = = Y
=
— b )<

=

Brinonnus npeoOpa3oBaHus, MOJTYYUM CUCTEMY YPAaBHEHUM:

=i D

PemmB 3Ty cucremy, HaiIEM ONTHMAaJIbHBIC 3HAYCHHSI TAPAMETPOB:
nz Xy — Z xz y
nz X2 - @ X} ’
Z Y- XXy
ny x* - x)

AHanOruyHO MOXXHO HAWTH MHapaMeTpbl BBHIOOPOYHOTO YpaBHEHHUS MPSIMOU

Py =

yueun perpeccud X Ha Y Xy= pyy + C:

gf ﬁ/x‘_
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Ipumep. Haiitn BbIOOpOUHOE ypaBHEHHE MPSAMON JUHHUH perpeccuu Y Ha X
110 JAaHHBIM IATH HaOroAeHuH (N=5):

Tadmuma 26

X (1,00|1,50|3,00|4,50 5,00
y [1,25(1,40 (1,50 1,75 | 2,25

CocrtaBuM pacu€THyI0 TabHUILY:

Ta0mura 27

Xi Yi Xi? XiYi
1,00 1,25 1,00 1,250
1,50 1,40 2,25 2,100
3,00 1,50 9,00 4,500
4,50 1,75 20,25 7,875
5,00 2,25 25,00 11,250

DX =1E| DY =81L| DX¥=5B| DXy==20"

Brraucnum 3HaueHus mapaMcTpOB 110 MIPUBCACHHBIM BBbIIIIC Q)opMynaM.

i A=Y Eal \ paprcHiic  PerpecCHH MMEET B

Y= PP OAOZ
JIns  Toro, dYro OBl TMOJYYUTh TPEACTABICHHWE, HACKOJIBKO XOPOIIO
BBIYMCJICHHBIE 110 3TOMY YPaBHECHHIO 3HaUeHUS Y COTJIACYIOTCS ¢ HaOIIOgaeMbIMU
3HAYCHUSAMH Vi, HAMAEM OTKIIOHEHUS Yi-Yi. Pe3yabTaThl BRIUYMCICHUA TPUBEICHBI B
tabmurie 28.
Tabaua 28

Xi Yi Vi | YiVi
0,024
0,073
3,00 1,630 |1,50]| 0,130
450 1,933 |1,75| 0,183

1,00 1,226 | 1,25

1,50 | 1,327 | 1,40

0,216

BI/II[HO, 9TO BCC OTKJIIOHCHHA AOCTATOYHO MAJIbI. DT0 00BICHICTCS MaJIbIM YHCJIOM

5,00 2,034 | 2,25

HAOJIFOICHUIA.
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2.7 OTpICKaHNe NapaMeTPOB BHIOOPOYHOI0 YPABHEHUS
NPSIMOii JIMHUM Perpeccry Mo CrpynnupoBAHHBIM JIAHHBIM

Brimie Obuta moslydeHa CUCTEMa ypaBHEHUW NJIsi OINpEAeNIeHUs MapameTpoB
ypaBHEHHUS PSMOM IUHUU perpeccun Y Ha X.

{pyx@xz)i-ng):ny; (15)

Py X nb=Zy.

[penmnonaraioch, 4To 3HAUCHHSI Xj U COOTBETCTBYIOIIUE UM 3HAYCHUA Vi
HaOJTFOTAJIUCH TI0 OJTHOMY pa3y.

[Tycte TmolydeHO OOJIBIIIOE YHCIIO JAHHBIX, CPEAH KOTOPBIX €CTh
MOBTOPSIIONIMECS M ITyCTh OHU CTPYIIIAPOBAHBI B KOPPEISIIIMOHHOW TaOJIHIIE.
3anuiiemM CUCTEMY TakK, 9TOOBI OHA OTpakaja JaHHbBIE KOPPEISIIMOHHOW TaOIHUIIbI.

_ X _
Bocnonb3yemcs: TOXKIecTBaMu: D X=rx (cnenctBue u3 X=zn:); Zyzny

Dy

(cmencrBue u3 S/=T )i

_ 3C
2= (cnencTBue U3 X =Zl}l); 2?29( (Y4TeHo, 4TO Imapa 4rces

(X,y) HaOmogamuCh Nyy pas).
[TomcTaBUB MpaBbIe YaCTH TOXKIECTB B (44), COKpaTUB Ha N, TIOTyYUM:

{p yx 6”_‘2 )"‘ b(’"?): any xy;
P ()+b=1y.

Perus 3Ty cucteMy, HaiitaéM koaddurment perpeccun Y Ha X 7.

S

[MapameTp «b» HaiinéM U3 BTOpOTO ypaBHEHUs cuctemsl (15):
b=y—,X
ITo/ICTAaBUB TIPABYIO YacTh TIOCTEAHETO PABEHCTBA B YpaBHEHHE Yx =3, HC
MOJIYYHM:

y(—y%?éég - YpaBHEHUE MPsIMOM JTUHUHU perpeccuu Y Ha X.
AHanoruyHO MOXHO HaTH K03 uumeHt perpeccun X Ha Y

2K
=)
VuuteiBasgs uto X =2Y4HC rpe C=X—2Y nonyuuMm ypaBHeHHE NPSAMOI
JUHUM perpeccuu X Ha Y
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>SS,
2.8 Bb10opouHbIii K03 (UIIHEHT KOpPeJIAUNU

B ciiydae MONOKHTEIBHEIX KO3DMHIMEHTOB perpeccuu ™, Koppensiuio
Ha3bIBAIOT MOJIOKUTENIBHOM, B 3TOM CiIy4ae MpsIMble PErPeCcCUU 00pas3yroT OCTpbIe
YTJIbI C COOTBETCTBYIOIIMMU OCsiMU KoopauHaT (puc.l). [Ipsimas perpeccun Y Ha X
nMeeT kKodpduiment perpeccun P =19 e o — OCTphI yroj, 06pa3’oBaHHbIM
npsimori (1) ¢ ocbto OX. Ilpsimas perpeccun X Ha Y umeeT KOdPPHUIHEHT
perpeccun Py =198, rnie B — ocTpslii yrom, o6pasosanHblii npamoii (2) ¢ ocsio Oy.

[Ipu oTpunarenbHbIX KOI(PPUIMEHTAX PErpeccur KOPPENSLHUI0 Ha3bIBaIOT
OTPHUILIATEIILHOM, a MpsIMbIE PErpeccuu 00pa3yloT C COOTBETCTBYIOIIMMH OCSIMU
TYTIBIE YTJIBI.

]|

P [

-'_/_ﬂ_/ji/_/—’—ﬂ‘-
C

| :-l.

Pucynoxk 3 Ilpsimeie perpeccun: Y Ha X (1), X Ha Y (2)

O TecHOTE CBSI3M MEXay npu3HakamMud X W Y MOXKHO CYIAUTh IO BEIHYHHE
yria, 00pa30BaHHOTO MPSMBIMHA perpeccur. YeM MEHbIIIe 3TOT yToj, TeM TECHEee
KOppesuoHHas 3aBUCUMOCTh Mexay X u Y. [Ipu cliusiHuM 3THX IBYX MPSMBIX B
onHy MeXay X U Y MMEET MECTO HE CTaTUCTHUYECKas 3aBHUCHUMOCTb, a JIMHEHHAas
@DYHKYUOHANbHASL 3ABUCUMOCTb.

B kawectBe Mepbl TECHOTHI JIMHEMHOW KOPPEISLMOHHOM 3aBUCUMOCTHU
MPUHUMAETCSI BBIOOPOYHBIN K02hPuyuenm kopperayuu

e =1 /PPy =H/tgo- tgB
(16)
CaoiicTBa BRIOOPOYHOTO K0P huUIiMeHTa KOppemsiuu:

u 3HadyeHHs KOdPPULMEHTa KOPPETALNUU U3MEHSIOTCS HA MHOYXKECTBE

u Yem 6ousue |'s| , TEM TECHEE CBSI3b MEXKY M3Yy4a€MbIMHU KOJIMYECTBEHHBIMU
IIPU3HAKAMM.

u Ecmu [ie|=1, 10 KOPpEJSIIIMOHHAs 3aBUCUMOCTD SIBJIIETCS (DYHKIIMOHABHOM.

u Ecmu s =0, 10 Mex1y M3yuaeMbpIMU IPU3HAKAMU HET JTMHEHHOM
KOPPEIALMOHHON 3aBUCUMOCTH, YTO HE UCKIIIOYAET CYIIECTBOBAHUE KAKOIO-
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100 APYroro BUAA KOPPEISIIMOHHON 3aBUCUMOCTH (ITapaboIudecKoi,
MOKa3aTeJIbHON U JIp.).

Ecm [lVN—1=E 10 cBasp MEXy CIyYalHBIMU BEJIUYUHAMU OOCMAMOYHO
eeposimua. B ciydae ecnu CBA3b MKy CIyJailHBIMU BEJTMUYMHAMHU MAJOBEPOATHA,
HAax0KJICHUE YPABHEHUH JIMHUN PErPECCUU HE UMEET CMBICIIA.

Paccmompum nekomopwie ghopmynsi, ucnonvsyemvie 0Jist GblUUCTICHUSL
Ko3huyuenmos pecpeccuu u ko3 huyuenma Koppeiiyuu.

= :

n n

= o=

> ;M= -
N M

o, = | 2, , - (69,

- = VO
== =~/

e/ —&»
_ anyxy_nx_y
fo = no,.o,
< —
p - /%g
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2.9 O0pa3ubl BHINOJHEHUS THIIOBBIX
PacYeTHBIX 3aIaHUI TEOPUH KOPPeaIInu

3aoanue Ne 1. B pesynbTaTe npoBeieHUs GU3NKO-MEXaHUIESCKUX HCCIICIOBAHUI
KOMITO3UIIMOHHBIX 31eKTpoxuMuyeckux nokpsituid (KOIT) Ha ocHOBE HUKENs
MOJTYYEHBI CIEAYIONINE 3aBUCUMOCTHA BHYTpeHHUX HanpspkeHuit P (MI1a) - x; oT
TOJIITMHBI TIOKPBITHIA & (MKM) — Yi B 3JICKTPOJIMTAX HUKCIMPOBAHUS Pa3IMUHBIX
COCTaBOB.

Pe3ynbraThl ©3MEpEHU - B ClIeIyIONIEH TabIuIIe:

Xji | 2535|4555 |65 |75 |85 |95 |105]|115
Vi 232728 |29 (32|32 |33 35|38 |43

[To uMeronuMcst BBIOOPOYHBIM JIAHHBIM 8bINOIHUMb CledYIoujue 0etiCmausl.
1. Boruuciauth BBIOOPOYHBIN KOIPDHUIIMEHT KOPPEISUU U HAWTH BBHIOOPOYHOE
ypaBHeHUE JTMHEeHHOU perpeccud X Ha Y u Y Ha X:
a) METOJIOM BBIOOPOYHOM CpeaHeil; 0) METOI0M HAUMEHBIIIUX KBAJIPaTOB.
2. IlocTpouth rpaduk MoIy4EeHHBIX 3aBUCUMOCTEM.

1. Pacuumaem 6vb160pouHblll KOIDDuyuenm kopperayuu.:
a) Memooom 8b1O0POUHOU CPEOHEll.
Haiiném xapakTepuCTHKH BEHIOOPOUHBIX pacipenesIeHU:
Bri6opounbie cpenHue:

> XN L ToRkSZ=
St e 10T 1O
N’ N’

CpenHue KBaJipaTU4ECKUE OTKIOHEHUS:

== — I a
Koaddumment xoppensiiiuu Haitnem no hopmyre: r:\/

;Eeay—y
R -
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Pacuér cymm, Bxoasmux B popMysbl Crpynnupyem B Tabiuity 29.

Tabmamma 29

Pl X | X e | Y | YTy | (Y, —Y)® | S
1125| 45 [ 2025 | 23| -9 81 405
2135 | -35 | 1225 | 27 -5 25 175
3145 | -25 625 | 28| -4 16 100
4 155 | -15 225 | 29| -3 9 45
51| 65 -5 25 32 0 0 0
6 |75 5 25 32 0 0 0
7|85 15 225 | 33 1 1 15
8195 25 625 | 35 3 9 75
9|10 | 35 |1225| 38 6 36 210

5
1111 | 45 | 2025 43| 11 121 495
0| 5
> 170 0 8250 | 32 0 298 1520

0 0

= o

[ToncTaBisst BHIYMCICHHBIE 3HAUEHUSI B BBIPAKEHUS JIJIs I, UMEEM:
— 152
sR=zos
Bv1600: Mex 1y NTMHHON CTBOJIA U JUIMHHOM €ro 4yacTu 0e3 BEeTBEU CyIeCTBYyeT
TE€CHas MOJIOKUTEJIbHAS JIMHEHHAs! KOpPEAIMOHHAS 3aBUCUMOCTb.
VYpaBaenue perpeccun Y Ha X:

vy r T ez P &Sy sereg
=2

=181 O!
VYpaBHenue perpeccun X Ha Y

>§e<=|e-§ ) == ST EA-S &S
>G5l O-O=

0) MemoooOM HAUMEHLUIUX KBAOPAMO8.
Y=pyX+b, X=pxyy+d,
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=== (20

O003HAYNM pyx=0, Pxy=C, TOTJA Y= o X+Db, X=cy+d.
CocTtaBuM pacy€THyIO TaOIuUILy:

Taomumna 30
[ Xi Yi Xi? yF XiYi
1 25 23 625 529 575
2 35 27 1225 729 945
3 45 28 2025 784 1260
4 55 29 3025 841 1595
5 65 32 4225 1024 2080
6 75 32 5625 1024 2400
7 85 33 1225 1089 2805
8 95 35 9025 1225 3325
9 105 38 11025 1444 3990
10 115 43 13225 1849 4945
2z 700 320 57250 10538 | 23920

="2% S =g
7 &SxXtheo- 23:

A% —0 ]jr=5725-4900=825; %% 35 ‘i=2392-2240=152;

5727253

—~0 =1-183200-167440=15760; a=2e —0 184; p=2e —19 10.

Taxum 0Opa3oM, ypaBHeHue perpeccun Y Ha X HalIeHO: XZEILSELB-‘
AHaNoOTruYHO HaieM ypaBHEHHE perpeccuu X Ha Y.
Q=S aEaEaey -
SO 7 C

VpasHenue perpeccun X HaY ;. OS5l O-OA

2.Ilocmpoenue epaguxos nonyueHHvix 3a8UCUMOCTELL.

34



50

10 —

I O O A

10 20 30 40 50 60 70 80 90 100 110 120
Pucynok 4 Jlunus perpeccun Y Ha X: =€ 811 O.

A

Xy

200

100

>

10 20 30 40 50 ”
Pucynoxk 5 Jlunus perpeccuu X Ha Y: S$—=L OO A

3aoanue Ne 2. Jlana xoppeisiiiuoHHas TaOauIa ¢ AByMs Bxodamu. B Tabmuiie
MPUBECHBI JaHHBIE 110 ypoxaitHocTH (Y, 11/Ta) U 1o riryoune opoieHus (X, cm).

Tabmuma 31
X
y |49 |14[19]|24 29
813/ 3 |-1|-1]-1]-
18(-| 54| -] -] -
28(-1 - 1402 | 8 | -
38|-] -|5(10] 6 | -
48|-| - | - 14| 7| 3

Haiitu BbIOOpOUYHBI KOA(D(PUIMEHT KOPPEISUUHU, OLEHUTh BEPOATHOCTH CBSI3H,
HalTH ypaBHeHus nHelHOH perpeccun X Ha Y u Y Ha X (n=100).

[Io nmaHHBIM  KOPPENMSAUMOHHOW  TaOJMUIBI  BBIYMCIUM  BBIOOPOYHBIN
koo urmeHT Koppensiuu. BBMHCIEHWS MOXHO YIOPOCTUTh, TEpelas K
VCIIOBHbIM 8APUAHMAM.




rae Cq, Cp- 0kHBIE HYJM (HOBOE HAyajo OTCYETA), BAPUAHTHI, COOTBETCTBYIOILINE
HauOOJIbIIEH YacTOTe (MO/IBI).
B sToM ciydyae BBIOOPOUHBIM KOA((UUIMEHT KOPPENSLUU BBIYUCIAETCA IO
dopmyie (mepexo1 K yCIIOBHBIM BapuaHTaM HE U3MCHSICT BEJIHYHMHEI IB):
>SN, U
== .
rax>
BenuuuHbl BBIYHUCISIOTCA MO U3BECTHBIM (hOpMYyIIaM:

u=$:‘;l’u; V=Z:’V; m; = :Lf;

cg——‘/i?M; \/2=zr:"n\2 ]

Benmnunny ZnuvUV BBIYHCIIUM IPUMEHSS Memo0 4emuvlpéx noaeu.

Ha3Banmne meToma cBsi3aHO ¢ TeM, YTO CTPOKAa M CTOJOEI, IMepeceKaroIrecs B
KJIETKE, coieprKalleil HanOOoIbIITYI0 YaCTOTY, ACIAT KOPPEIAIIUOHHYIO TaOIHITy Ha
4 4YacTu, KOTOpbIe Ha3bIBAIOT noasmu. Ilojs HyMepyroTcs Tak, Kak yKa3aHO B
tabmure 32.

Tabmamma 32

o

HauOOIbIIasg
4acToTa
I v

PaccmoTpum MeTon Ha KOHKpeTHOM mnpumepe. JomomHum Ttabmuny 31

gacToTaMiu Ny, ny:

Ta6auma 33
X

vy | 419141924 29| n,

8 |3|3|-|-1]-1]-1P86

18 | - |54 | -|-1|-19

28 | - | -140(2 |8 |- |50

38| -]1-]15]10]6]-]21

48 | - | - | -4 |7 |3 ]| 14

Nk | 318 1(49]16(21| 3 |100

C1=14; h1=5; C»=28; h,=10, h- mar, C- j0xHbIe HYJIH.
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=%, _x14 [, Y. y-28
h 5 ° h 10
[TocTponM KOPPEISIMOHHYIO Ta0IUIly B YCIOBHBIX BapHaHTaX.
Taomuna 34
U
v |2[-1]0[1 2|3 |n
21313 |-]-]-1]-1P86
1 -15(4|-]-1]1-129
O [-|-140|12|8]-]50
1 |-]-]15]10]6]-|21
2 | -|-|-14|7]3]14
n | 318 1(49(16(21| 3 |100

N N > >
_ Shyv . —m
V= -

n °~ B e X e

@g}

Anayiornyao Haxoaum: OSv =101
[TocTpouM cxeMaTUUYECKYyI0 PaCUETHYIO TaOIUILy Memooda Yemulpéx noJel.

1. st aToro pazoObeM TaONMIy HA YETHIPE MOJsI, B COOTBETCTBUU C TabIULEn
8.2.

2. Haiiném npousBeaenust nap BapuanT U m V UM momecTuM HX B BEpXHHE
IpaBbl€ YIJIbI KJIETOK, COJEPIKAIIUX COOTBETCTBEHHbIE YacToThl. Hanpumep, U=-2
u V=-2 nabmonanu 3 paza. [Ipoussenenne UV=4 nomMemniaeM B BepXHUI MpaBbIi
yroJ KJIETKH, COIEp KA YacTOTy.

3anoaHUM Mo00HBIM 00Pa30M KIIETKHU I BCEX YETHIPEX MOJIEH.

3. Haiinennoe mnpousBeaeHne UV u yucio N u V U3 KaKIOH KIIETKH

MEPEMHOXKAIOT U PE3yJbTaT CKIAABIBAIOT. B WUTOre mosydyum HCKOMOE ZnuvUV.

Jlnst  ymoOCTBa KOHTPOJS BBIYMCICHWM HaWJEHHBIE TIpou3BeAcHUs Nuw UV
CYMMUPYIOT OTAEJIBHO IO Kaxaomy nomto. IIpuuém, moacuér cienyer BeCTH U 1o
CTPOKaM M IO CTOJOIaM Kaxaoro mois: cyMmmy NwUV cTpoku mosis moMemarT B
TOT U3 JIONOJIHUTEIBHBIX CTOJOLIOB, TOMEIIEHHBIX CIpaBa, KOTOPBIN
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COOTBETCTBYET HOMEPY IOJISI YHCEII, KOTOPBIE CKIAABIBAINCH. AHAIOTUYHO — JUIS
CTpOK.

4. CymMBl yncen OTAENIBHO MO Ka)XJA0MY IOJIIO0 3alUCBIBAT B IIPABOM HHYKHEM
yIi1y TaOJIUIBI B YETHIPEX UTOTOBBIX KJIETKAX.
CxemaTtnueckas pacuéTHas TabIuLa Memooa 4emulpéx noaeu.

Tabmuma 35

2|1-110] 123 I I
2134|132 - |- |-|-|18 | -
1) -5 - -] - - 5 -
O|-|-1-12 18] -1]1H ]IV
11-1]-1-1[10"/62| -| - |22
2| - -|-142]74|3% - |54
(1212, 0| - | -1|-1|23/| -
Il IV |18 40|18 | - |76

R e D
SN OO
= — ; E;:l I 1

OH@HI/IM B8EPOAMHOCMb CBA3U.
lorglcWeY: =2 7,6>3,

Taxk xak \@\/ELZE, TO C853b 00CMAMOYHO 8EPOSIMHA.
BepHeMcs K MCXOTHBIM MTPU3HAKAM:
>=th+G; y=\h+C;
S-S =A € V=EP-BCRERS
o, =hao, o,=hgo;;
cSI0E1T o= a0l

Haitném ypaBHEHUS TMHEWHOW pETPECCUM.
YpaBHeHue Y Ha X: X—)#I’Bz 6<>3
m—%ﬁ; - e
MY=EAH3
VpaBHEHHE X Ha Y: %9@%36/—);;
@@%; S GIPRATE
>¢=EX <0
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3aoanue Ne 3. PaccmaTpuBaeTcsi BapuaHT B3aMMOCBSI3U MEXIY KypcoMm Y
(otHOmIeHUs eBpornerickoil BamoThl €Bpo (EUR) x mommapy CIIA (USD)) u X
(oTHOMIEHMS HKCTOpTa eBporeiickoro coroza B CIHIA (Exp) x umnopty uz CIIA
(Imp)).

_EUF _Exp

usr’ Imp*
JlaHHble OCHOBaHHBIE HA MCTOPUYECKOM ONBITe 79 Henenb MpeACTaBiICHbI B
KOppEsAIMoHHON Tabmuiie 36.

Y

Tabmuma 36
Y
X105/061(0,7/0,8
05012 | 0] 8
0604|209
0712 (12| 3 | 1
08(21/14| 0| O
091170070

Beraucnute  BBIOOPOYHBIM — KOAM(UIIMEHT  KOppensuuH. Y CTaHOBUTH
BEPOSTHOCTH CBSI3U MEXKy BeTUUMHAMH Y, X U ONPESIUTh YPaBHCHUS JTUHEHHON
perpeccuun

YunaXuXHa.

1. JlonmoaHuUM JaHHYIO TaOJUIy YaCTOTaMH Ny, Ny .
Ucnons3ys Tabmuiy 36 BerauciseM X, Y, X, Vi Xy

Tabmmma 37
Y
X 105/0,610,7/0,8]| ng
050 2|0 | 8|10
0604|2915
0712 (12| 3 | 1 |18
08(21/14| 0 | 0 |35
091,00 |01
ny |24 (32| 5 |18 |79
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A G311 -
NG S - === FEESYER <28 =1

>SgFr— €)=«
VA=)

2. OnpenenuMm JUCTIEPCHUU:

n n

S
Q=ﬂ7n—(>§)2’ D= ) RD=X-6; DR=/-O"

N

D= 0,5054 — (0,7025) ~0,0119;  Dv= 0,3986 — (0,6215) =~ 0,0123.

3. Omnpenenum cpeHUE KBAIpaTUYHbIE OTKJIOHEHUS:
a=JD; IO IE=EMAF o=/0Q; oA =LA
4. OmpenenuM KOBapHUaLUIO (KOPPESITMOHHBIA MOMEHT):

-2

K=<y,
= & 5 i

5. OmnpenenuM KodPHUIIMEHT KOPPEIISIITUH.
Bb100poUHBIM KOppenayuonnvim momenmom uiu xoeapuayueti Kyxy HazbIBaeTcs

YHCIIO0 ompeensieMoe (HOpMyJIIOu:
Ky =M(XY)-MEOM(Y),
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rae M(X), M(Y) — MmatemaTtnueckue oxuganus X u Y.,
KoppesiiuoHHbIi MOMEHT XapaKTepU3yeT cuy cesa3u Mexay X u Y.

Ky _ MG)-MEMG)

0,0, 0,0,

Iy =

3aMEHUB YHCJIOBBIC XAPAKTCPHUCTHUKH UX OICHKAMH, ITIOJIYYUM:

b e % D) <)
e=—""—",c S§~t y<
I N
VYyuTeIBas, 4To Xe@»ﬁ;
o _ K .00
B — - %— T— .
[Momygaem: GOy’ CL O 1«

Eciu|Wd -V M—1=E 10 cBsi3b MexIy CIydaiiHpMu BenuunHaMu X 1 Y JOCTATOYHO

BeposTHA. B JaHHOM cirydae - ,\m 3HAYUT CBSI3b MEXKIY

CIly4ailHIMH BeIMYMHAaMU X U Y BEpOSITHA.

VYpaBuenue perpeccun Y Ha X: X—)ﬁl.%z =

Vpasuenue perpeccun X 1 Y %9@%(;%/—)2
= gg% >3O, B!

2.10 UuauBHayaIbHbIE pacuyeTHbIE 3aaHUs

3amanue Ne 1 B pesynbrate npoBeeHus GU3NKO-MEXaHUYECKUX UCCIIEOBAHUN
CIJIABOB HUKEJIS MOJTYUYEHbI CIEIYIOIINE 3aBUCUMOCTH BHYTPEHHUX HanpskeHui P
(MIIa) - X; OT TOJMMHBI TOKPBHITUNA O (MKM) — Yi B 3JIEKTPOJIUTAX HUKEITUPOBAHUS
pa3IUYHBIX COCTABOB:

X | 25+A | 35+A | 45+A | 55+A | 65+A | 75+A | 85+A | 95+A | 105+A | 115+A
V| 14+B | 18+B | 19+B | 20+B | 23+B | 23+B | 24+B | 26+B | 29+B | 34+B

rjae napameTp A — npeanociensss mudpa yueoHoro mudpa cTyaeHTa, mapaMmeTp
B pasen nocneaneit mudpe mumdpa.
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[To umerommMcst BBIOOPOUYHBIM TaHHBIM 8bINOJHUMb ClleOYIouue Oeticmeus.
1. Berauciauth BBIOOPOYHBINM KOA(D(PUIIMEHT KOppeasiuu M HaWTH BBIOOPOUYHOE
ypaBHEHHE JIMHEHHOM perpeccun X HA Y 1 Y Ha X:
a) METOJIOM BBIOOPOUYHOM cpeHelt; 0) MeTOJ0M HaUMEHBIIIMX KBaJIPaTOB.
2. [loctpouts rpaduk MOTYICHHBIX 3aBUCUMOCTEH.

3aoanue Ne 2.

Bapuanmuor 1-9.(B Tabmuiie mpuBeICHBI JaHHBIC 110 KOJIMYECTBY BHECEHHBIX
ynobpennit X (1/ra) u yposxkaiHOCThIO Y ( 11/Ta).

Bapuanmur 10-1 . B Tabnune npuBeeHBI IaHHBIE IO KOJIMYECTBY MPEAJIOKECHUS
X (TBIC. Oapperb) U eHbl Y ( py0. 3a Oappeib) HehTH Ha TOBAPHOM OUpIKeE.

Bapuanmuer 17-24. llpu uccneaoBaHuu BIWSHUSA YpoBHA MexaHuzauuu X (%)
Ha ce0ECTOMMOCTb €IWHUIIBI TMPOAYKIMA XHUMHUYECKOTO MpeanpusTus Y (ThIC.
py0), ObUIM MOJTyYEHBI TaHHbIE, IPUBEJICHHbBIC B TAOJIHIIE.

JInst KaK10r0 BapruaHTa HEOOXO0IUMO:

1)BBIYMCIUTh  BBIOOPOUYHBIM  KOAG(UIIMEHT  KOppemisiuu; 2)yCTaHOBUTH
BEPOSITHOCTh CBSI3M MEX]y BeTuuruHamMu Y, X U ONpeeNuTh ypaBHEHUE JTMHEHHON
perpeccun Y Ha X1 X Ha Y.

PacueT BbIOOpOUYHOTO KO3 (HULIMEHTA KOPPEISLIMI HEOOXOJUMO MPOU3BOIUTH:

1. MeTomoM YeTbIpex IMoJei;
2. WCHOJB3YS MOHATHE BEIOOPOYHOTO KOPPEISIIIMOHHOTO MOMEHTA (KOBapHAIIHH ).
Heobxoanmbie pacueTsl MOTYT ObITh OCYIIECTBJIEHBI IPU MOMOUIU KOMITBIOTEPHON

nporpammbl Microsoft Excel
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BAPUAHTHI 1-24

Bapuant Nel.

XJ 10 | 15 | 20 | 25 | 30 | 35| ny
15| 6 4 - - - - 10
25| - 6 8 - - - 14
35| - - - 121 2 5| 28
45 | - - - 4 |12 ] 6 | 22
55 | - - - - 1 5 6
n| 6 |10 | 8 | 25| 15 | 16 | 80

Bapuant Ne2

X ] 20 | 25|30 | 35|40 |45] ny
105 - - 4 2 1 - 7
115 2 1 - 3 8 5119
125 | - 4 2 1 - 3] 10
135] 3 2 |10 | - 3 2| 20
145] 1 3 - 8 - 2| 14
nk | 6 |10 |16 | 14 | 12 | 12| 70

Bapuant Ne3
{1 15120 |25 |30 |35 40| ny
5 4 2 - - - - 6
10 | - 6 4 2 - - 12
15| - - 6 |45 | 2 - 53
20 | - - 2 8 6 - 16
25| - - - 4 7 4 | 15
nx | 4 8 |12 |59 | 15| 4 | 102
Bapuant Ne4.

] 10 | 15 | 20 | 25 | 30 | 35| ny
15| 6 4 - - - - 10
25| - 6 8 - - - 14
35| - - - 120 | 2 5 | 27
45 | - - - 5 112 | 6 | 23
95 | - - - - 1 ) 6
n« | 6 110 8 | 25|15 |16 | 80

BapuanT Ne5.

] 10 | 15 | 20 | 25 | 30 | 35| ny
10| 2 4 - 8 4 |10 | 28
30 | - 4 7 - ) 11 17
50| 3 2 5 |10 | - - 20
70| 2 - 4 6 ) - 17
9 | - 3 5 6 - 4 | 18
n | 7 |13 |21 | 30| 14 | 15| 100

Bapuant Ne6
] 5101520 | 25|30 ny
80 | 5 1 - 4 7 - 17
100 | - 2 6 5 - 4 | 17
120 | 3 - 4 - 5 6 | 18
40| - | 10 2 3 5120
160 | 3 - 4 8 2 | 4] 21
nx |11 |13 |14 |19 | 17 | 19| 93

Bapuant Ne7.

I 12 | 17 | 22 | 27 | 32 | 37| ny
105 | - 4 - 3 - - 7
115 2 3 1 - |10 - 16
1251] 3 - 5 1 - 4 | 13
135 - - - 8 2 1] 11
145] 1 2 - - - - 3

nx | 6 9 6 |12 |12 | 5| 50
Bapuant Ne8
X ] 10 |15 |20 | 25|30 |35] ny
14| - - 4 2 1 - 7
24| 2 1 - 3 8 | 5119
341 - 4 2 1 - 3] 10
44 1 3 2 |10 | - 3|12 20
541 1 3 - 9 - 11 14
n | 6 {10 |16 | 15|12 | 11| 70
Bapuant Ne9
X ] 10|15 |20 | 25|30 |35] ny
1411 5 - 7 - 4 | 17
24| 2 - 4 - 6 | 51 17
341 - 3 5 4 6 - 18
44 110 | - 2 3 51 20
541 2 4 - 4 10 | 28
n | 15|12 | 11 | 18 | 20 | 24 | 100
Bapuant Nel0.

X ] 30|40 |50 |60 |70 |80 ny
2001 1 2 - - - | 40| 43
220 - - - | 2830 | - | 58
2401 5 - 134|130 | - - | 69
250 - - 122 - - 8 | 30
260 70 | 50 | - | 10 | - - 1130

nx | 76 | 52 | 56 | 68 | 30 | 48 | 330
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Bapuant Nell.

{]55(62|69|76|83|9] ny
200 | - 2 - - - 10| 12
220 | - 3 - - |15 | - 18
240 | - - 5 | 25| 8 - 38
2601 8 |11 | - - 2 - 21
280 | 5 - - - - 2 7

n |13 |16 | 5 |25 |25 | 12| 96
Bapuant Nel2.

X ] 45 |50 | 55 | 60 | 65 | 70 | ny
2501 1 2 - - - |40 | 43
260 | - - - 7 130 - 37
2701 5 - 125130 | - - 60
280 | - -1 22| - - 8 | 30
3001 70 | 50 | - | 10 | - - | 130

nx | 76 | 52 | 47 | 47 | 30 | 48 | 300
Bapuant Nel3.

X |52 |56 |60 |64 |68 72| n
255 | - 2 - - - |10 12
265 | - 3 - - |15 | - 18
275 | - - 3 125 8 - 36
2851 8 |11 | 5 - 3 - 27
295 | 5 - - - - 2 7

n |13 |16 | 8 | 25| 26 | 12 | 100
Bapuant Nel4.

X ] 45 |50 | 55 |60 | 65|70 ny
2731 1 2 - - - 136 ] 39
2715 - - - 7 130 | - 37
27171 5 - 12230 - - 57
2719 | - - |1 25| - - 4 1 29
281138 40| - |10 | - - 88

nx | 44 | 42 | 47 | 47 | 30 | 40 | 250
Bapuant Nel5.

I ] 61|65 |69 | 73|77 |80 ny
255 - 2 - - - |10 12
265 - 3 - - |15 | - 18
275 - - 3 122| 8 - 33
2851 5 | 14| 5 - 6 - 30
2951 5 - - - - 2 7

nk |10 | 19 | 8 | 22 | 29 | 12 | 100

BapuanTt Nel6.

X ] 45|50 (55|60 |65]|70] ny
232 | 2 2 - - - | 36| 40
240 | - - |21 7 (29| - | 58
248 | 4 - - 130 - - | 34
256 | - - | 25| - - 51 30
264|138 | 40| - | 10| - - | 88

nx | 44 | 42 | 47 | 47 | 29 | 41 | 250
Bapuant Nel7.

X ] 30 |40 | 50 | 60 | 70 [ 80 | ny
232 2 3 - - - | 36| 41
240 | - - |27 |27 | - | 56
2481 4 - - 132 - - | 36
256 | - - | 25| - - 4 1 29
264142 | 36 | - | 10 | - - | 88

nx | 48 | 39 | 47 | 49 | 27 | 40 | 250
Bapuant Nel8.

XJ 5 [10|15|{20| 25|30 ny
15| - 6 4 2 - 2 | 14
251 4 2 8 1 5 - | 20
35| - - - 110 | 7 11 18
45 1] 5 3 8 6 7129
5519 5 - 4 - 11 19
nx | 18 | 16 | 20 | 17 | 18 | 11 | 100

Bapuant Nel9.

] 5 /10|15 |20 |25 (30| ny
100 | - 6 4 2 - 2| 14
110| 4 2 8 1 5 -1 20
120 | - - - 10| 7 1] 18
130| 5 3 8 - 6 71 29
40| 9 5 - 4 - 1] 19

n | 18 | 16 | 20 | 17 | 18 | 11 | 100
Bapuant Ne20.

X120 | 25|30 (35|40 |45]| ny
30 | - 6 - 4 - 2] 12
40 | 4 1 5 - 7 - 17
50| 3 - 4 5 - 6 | 18
60 | 5 3 - |10 2 -] 20
70| - 2 3 - 3 | 5| 13
n |12 |12 |12 | 19 | 12 | 13 | 80
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