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BBEJIEHHUE

Metoauueckue yka3zaHUsi K BBINOJHEHUIO JTA0OPAaTOPHBIX padoT
npeaHa3HaueHbl IS CTYJICHTOB HampaBieHus mnoarotoBku 19.04.03
«ITpoayKThl MUTAHUS YKUBOTHOTO MPOUCXOKICHUS» C IETBIO 3aKperie-
HUS U yTJIyOJ€HUS UMU 3HAHWH, MOJYYEHHBIX Ha JICKIUSIX U TIPU caMo-
CTOSITEJIbHOM M3Y4YEHUU YyUeOHOU JTUTEpaTypHhI.

Metoauueckue ykazaHusi pa3paOOTaHbl B COOTBETCTBUM C TpebO-
BaHusiMu DenepanbHOro ToCyJapCTBEHHOrO 00pa3oBaTEeIbHOTO CTaH-
napta. Ilepedenr nabGopaTopHbIX pabOT, UX O0BEM COOTBETCTBYIOT
y4eOHOMY IUIaHy W pabouei nporpamMme IUCHUILIMHbBL. [Ipyu nmoaroTos-
K€ K 3aHATUSIM CTYAEHTHI OJKHBI U3yYUTh COOTBETCTBYIOIIHUM Teope-
TUYECKUI MaTepual Mo y4eOHOU JIMTepaType, KOHCIEKTY JICKIIUMH, BbI-
MOJTHUTD 3aJaHUs ISl CAMOCTOATEIbHONU pa0oThl. CTYJIEHTHI JOIKHBI
O03HAKOMHUTBCSI C COJIEPKAHUEM M MOPSAKOM BBINOJHEHUS Jiabopatop-
HOU paOOoTHI.

Kaxxnoe 3aHsiTHE COAEPIKUT 11eJIb €0 BBITIOJIHEHUS, MAaTepUATBHOE
obecrnieyeHrue, pEKOMEHIyEMbIE ISl U3YUCHUS JIUTEPATypPHbIE UCTOYHU-
KM, BOIIPOCHI ISl TOATOTOBKU, KPATKUE TEOPETUUECKUE CBEICHUS, 3a-
naHust s BeInoyiHeHUs. [Ipu BeImoHEHUM J1a0OpaTOPHBIX padOT Oc-
HOBHBIM METOJIOM OOYYEHHUS SIBJISIETCS CaMOCTOATENbHasl padoTa CTy-
JIEHTOB C BBICOKMM YPOBHEM HWHIUBHUIyaIu3alldd 3aJaHU TOJ PYKO-
BOJICTBOM TIpernojiaBaTesisi. Pe3ynbTaThl BBINOJHEHHBIX KaXKIBIM CTY-
JIEHTOM 3aJ]JaHhil 00CYKIat0TCsl B KOHIIE 3aHATUNA. OlEHKa Mperno/iaBa-
TeneM J1abopaTopHOM pabOThI CTyAEHTa OCYILIECTBISETCS KOMIUJIEKCHO:
N0 pe3yjbTaTaM BBIMIOJIHEHHOTO 33J]aHus, YCTHOMY COOOIIECHUIO U Ka-
4ecTBY O(pOpMIIEHUSI PA0OThI, YTO MOXKET OBITh YUTEHO B PEUTHHTOBOM
OLICHKE 3HAaHUU CTYACHTA.
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IIpaBuaa opopmiaenust padbor

1. OTueTsl O KaXJI0W Teme 3aHiITUs 0(DOPMIISIOTCS B OTIEIBHOW TET-
paau.

2. Ilepen opopmiieHUEM K0 pabOThI CTYACHT JIOJKEH YETKO HaIu-
caTh €€ Ha3BaHWE, I1CJIb BHITIOJIHCHUS, KPATKUE OTBETHI HA BOMPOCHI IS
MOATOTOBKH, OOBEKTHI U PE3YJIbTaThl UccienoBaHus. Ecou mpexycMmot-
peHo odopmiieHre paboT B BUJIE TaOJIUIl, TO HEOOXOIUMO BCE PE3Yib-
TaThl 3aHECTH B TaOiuUIly B TeTpaau. [locie kaxaoro 3amaHus JOJIKHO
OBITH CJICIAHO 3aKJIIOYCHHE C OO0OOIIEHHMEM, CHUCTEMaTH3aIuell HiIn
000CHOBaHHEM PE3yJIbTATOB UCCIICTOBaHUM.

3. Kaxxnyto BRIMOTHEHHYIO pabOTy CTYACHT 3allMINAET B T€UEHUE yueo-
HOTO ceMecTpa.

BrimorHenre u ycnenrHas 3anuTa JJabopaTOpHBIX padoT SBIISIOTCS J10-
MyCKOM K C/Iau€ TEOPETUYECKOT0 Kypca Ha dK3aMEHe.
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Ipakruyeckas padora Nel [Ipumenenue meroma KpyToro BOC-
XOkKJICHHUS MTPU ONITUMHU3AIHA TPOU3BOJICTBA MUIIEBBIX MPOJTYKTOB

Leab padoTbi: O3HAKOMUTHCS C METOJIOM KPYTOI'O BOCXOX/EHHS,
HAYUYHUThCA UCTIOJIb30BATh JIAHHBIA METOJI TP ONTUMU3AIUH MPOLIECCOB
MIPOM3BO/ICTBA MUIIEBBIX TPOAYKTOB

Jl1st pacueTa nmporpaMMbl KPYTOT'O BOCXOXKACHUS CHavajaa HaXOoIsT
I KaXI0ro ¢akTopa MpousBeaeHne KoddduimenTa perpeccun bi Ha
WHTEpBaJ BapbupoBanus A, DI A,

OTH TPOU3BEACHUS, KaKk M KOA(PPHUIIMEHTHI Perpeccuu, MOTYT
OBITH CO 3HAaKaMHU TUTFOC U MUHYC. {15 yBenuueHust Bbixojaa ¢GakTop ¢
MOJIOKUTETBHBIM KOY(P(UIIMEHTOM PErpecCHH CIeAyeT YBEJIMYUBATh,
dakTop ¢ oTpuIlaTebHBIM KOd(phuiimeHToM — ymeHniarb. Heooxonu-
MO TaK)X€ ONPECIIUTD «3aIacy JUIs ABWKCHHS 110 KaXXA0MY (GakTopy Al
OT OCHOBHOTO YypOBHs (YypoBHSI «(pOHa» B MaTpulle TUIAHUPOBAHUS) 10
MPaKTHYECKH 11eJIeco00pa3HO BETUYMHBI B HAINPABIICHUH €€ yBeIUde-
Hus uiK ymenpienns A, =X, . — X,

3aTeM BBIYUCIIOT a0CONMIOTHBIE 3HAUYeHUs oTHoleHuit All bi Al,
ISt Kaxaoro ¢gakropa. @akTop, y KOTOPOro 3TO OTHOIICHHE OKAKETCS
HAaWMEHBIIINM, UCIIONb3YyeTCsA B KaduecTBe OazoBoro. J[is manHoro ¢ax-
TOpa M BBIOMpAETCS MIar KPyTOro BOCXOXKJICHHS. YAOOHO B3AThH IIar,
paBHbIi A/5 - A/8 T. €. 4TOOBI B 3amace OCTaJIOCh MAThb—BOCEMb IIaroB
nanHoro (akropa. Illaru mis Bcex ocTanbHBIX (DAKTOPOB BHIOMPAOTCS
MPOITOPIIMOHATILHO WX Tpom3BeAcHUAM bi Ai, Tak, ecinu mar 6a30Boro
¢daxTopa 0003HAYKNTH S, a ero mnpousBeaeHue DA , To mar Jb0ro i-ro
(dakTopa

b,
bl

[Tocne 3TOro co3aarT NporpaMMy KpyTOro BOCXOXKJICHHS, B KOTOPOil B
KKJIOM CJISYIOIIEM BapHUaHTE M3MEHSIOT BEIMYMHY (paKTOopa Ha aJeK-
BaTHBIE IIaru. B cOOTBETCTBHM CO 3HAKOM KOA(P(HUIIMEHTOB pEerpeccuut
(dakTopsl MpU 3TOM OYyIyT JUOO YMEHBIIATHCS, JTUOO YBEIUUYUBATHCS.
Ecnu npu matemMarndeckoi oOpabOTKE MaTpHIlbl TJIAHUPOBAHUS HE-
KOTOpbIE (PAKTOpPhl OKa3aJlUCh HE3HAYMMBIMHM, TO MPU pacuere Mpo-
rpaMMBbl KPYTOTO BOCXOXKIEHUSI UX MOXHO OpaTh Ha TOM € OCHOBHOM

S, =S8
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ypoBHe. IIpakTudecku mnporpamMmma KpyTOro BOCXOXIEHHUS BKIIIOYAECT
TPU— MSATh, IIAroB. DKCIIEPUMEHTAJIbHAS MPOBEPKA MPOrpaMMbl KPYTOTO
BOCXOCHUS OOBIYHO IMO3BOJISICT YBEJIMYUTH MapaMeTp ONTUMU3AIUU
[0 CPAaBHEHUIO C MCXOJHBIM YPAaBHEHHEM W HANTHU HOBYIO HCXOJIHYIO
TOUKY JJId CIICAYIOLICH CEpUH OIBITOB. B TaHHOW TOYKE CHOBA CTABST
MaTpully miaHupoBanus. [lponeaypy npoaosmkarT A0 T€X MOp, MoKa
kputepuii duiepa He nNpeBbICUT TabmuHoe 3HaueHue (Fp >Fr).

3aganmne 1 O3HAKOMUTHCS C PACUETOM MPU UCIIOIB30BAHUN METO-
Ja KPYTOTO BOCXOXJEHUA B ONTHUMHU3ALMUA IMPOU3BOACTBA MHUILIEBBIX
MPOAYKTOB

Xoa padoThI:

B pe3ynprare moCTaHOBKH SKCIEPUMEHTOB IO IUIaHY, MPUBEACH-
HOMY B Tabnuie 1, BappUPYIOT COCTaB cpeibl. MI3MEHSIOT KOHIIEHTpa-
1y kpaxmana X1, CepHOKUCIOTO aMMOHUS X2, KyKypy3HOT'O dKCTpaK-
Ta X3 u coeBoii Myku X4. Ha ocHOBaHWU MPOBEICHHBIX MCCIIEIOBAHUI
U MaTeMaTUYEeCKOW 0OpabOTKU IMOJYYEHHBIX JAHHBIX COCTABISIOT JIU-
HeliHoe ypaBHeHue perpeccun: Y= 6603+283 X1+3 X20 515X4.

JloBEpUTENBHBIN HHTEPBAN COCTABIACT 98, CiemoBaTeNbHO, BCE
ko3¢ durmeHTsl perpeccuu, kpome b2 (b2 = 30), 3Haunumsl
[Ipu ompeneneHun aJeKBaTHOCTU BBINMICTIPUBEICHHOTO YPaBHEHUS OKa-
3a510Ch, uto FT> Fp, T. €. TuHEItHOE PUOIMKEHNUE aJICKBATHO U MO3TO-
MYy MOXHO MEPEXOAUTH K pacyeTy NpOorpaMMbl KPYTOTO BOCXOKICHUS.
Ta6nuna 1 I1nan omnbiTa Jy1s YeThIpeX PaKTOPOB Ha ABYX YPOBHSIX

HarypanbHbie 3HaueHus1 HaKkTOpoOB, 3HaveHus: HakTopoB
u % B KOJUPOBAHHBIX EAMHUIAX

X, Xg Xy X, X p % b
1 3,3 0,5 0,6 1.7 - - - —
2 6,7 0,5 0,6 2,3 + — = +
3 53 0,7 0,6 2,3 - + = +
4 6,7 0,7 0,6 1,7 + - - _
5 5.3 0,5 0,9 2.3 - - + +
6 6,7 0,5 0,9 1,7 + — + —
7 33 0,7 0,9 17 - + + —
8 6,7 0.7 0,9 2.3 el + st £3
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Wcxonubie gaHHBIC JJIs OCYIIECTBIICHUS yKa3aHHOM MPOTpaMMbl MPH-
BEJICHEI B Ta0IHIlE 2.

Tabnuma 2 McxomHble MaHHBIC 71 COCTABICHHS MPOTrPaMMbI KPYTOI'O
BOCXOKIE€HUSA

[Tokasarens X X X, X,
OcHOBHOH ypoBeHb («(hHOoH») X 6,0 0,6 0,75 2.0
WuTepBan BappUpOBaHUS A, 0,7 0,1 0,15 0,3
Koaddunment perpeccuu b; +283 +30 +222 +515
MaxkcuMalibHbI YPOBEHb X; max 10,0 2,0 2,0 5.0
MuHuManbHbIA YPOBEHD X; min 0,0 0,0 0,0 0,0

Jlasiee pacuer BeayT CICAYIOIIMM 00pa3oMm:
a) ONPEACIIAIOT MpousBeAcHue bi A

bi, =+283-0,7 = +198;
bk, =+30:0,1 = +3;

bk, =+222.0,15 = 433;
b\, =+151-0,3 =+155;

0) /Ui HaXOXKJEHMS 3araca Mo KakaoMmy (aKTOpy HaXOIAT Pa3HUILY

MCKIAY MAKCUMAJIbHBIM 3HAYCHUCM JOaHHOI'O (baKTOpa N OCHOBHBIM

ypoBHeM. Eciu 061 k03¢ QuItneHTsl perpeccuu ObUIH OTPUIATEIbHBIMH,
TO A :‘ximin _xO :
A, =10,0-6,0=4,0 %;
A,=2,0-0,6=1,4 %;
A, =2.0-0,75=125 Y,

A, =5,0-2,0=3,0 %;
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B) HAXOST a0COJIFOTHBIE 3HAUEHUS OTHOIIEHUI Ail bik:

A :i =0,020:
bA 198

= = L =0,500;
b, 1,

A; = 5 =0,033;
b,A, 33

Ay = 2Ll =0,019.
b, 155

ITockONbKYy HAaMMEHBIIMM OKA3aJIOCh OTHOILIEHUE [JII COECBOM MYKH,
ATOT (PpaKkTOp BHIOMPAIOT B KauecTBE 0A30BOT0 MPU KPYTOM BOCXOXK]IE-
Huu. llar nns pakropa X4 npunumatot paBasiM 0,5 %, Toraa maru s
apyrux GakTOpoB COOTBETCTBEHHO:

S,' — S bi}\‘i

DA

S, _0,522%2 _0.64 (0.6 %): S, _0,52 20,11 (0.1 %).
155 155

Jlist HesHaunmoro Qakropa X3 miar npu KpyToM BOCXOXKIEHUU PaBEH
HYJIIO;

I') HaMEYarwT IPOrpaMMy KPYTOTO BOCXOXKACHHUS W3 MSATH BapUaHTOB
(Tabauna 3).

Tabnuua 3 [IporpamMma KpyTOro BOCXOXIEHUS

u Xy, % X5, % Xz, % Xy, Y%

1 6,0 +0,6 =6,6 0,6 0,75+0,11=0,86 2,0+0,5=2.5
2 6,6 +0,6=17,2 0,6 0,86+ 0,11 =0,97 2,5+0,5=3,0
3 72+0,6=17,8 0,6 0,97 +0,11=1,08 3,0+0,5=3,5
4 7,8+ 0,6 =8,4 0,6 1,08 +0,11=1,19 3,5+0,5=4,0
5 84+0,6=9,0 0,6 1,19+0,11 =1,30 4,0+0,5=4,5

[Tocne mocTaHOBKM OIBITOB I10 ATOW MPOrpaMMe 3a HYJIEBOUW YpO-
BEHb IIPUHUMAIOT ONITUMAIBHYIO MO COCTaBy CPEAYy W BHOBBH CTaBAT CeE-
PHIO SKCIIEPUMEHTOB [0 OPTOrOHAJIBHON MaTpPHUIIE.
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KoHTpoJbHBbIE BONIPOCHI

1. Kak npoBOJST pacueT NporpaMmbl KPyTOTO BOCXOKICHUS ?
2. Kak HaxomasT 3amac rno kaxjaomy ¢aktopy?
3. OnumuTe METO KPyTOTO BOCXOKICHUS

IIpakTuyeckass padora Ne2 HaxoxJIeHue ONTHUMaJbHBIX Mapa-
METPOB ¢ oMoIbs 9BM
Lear padorbi: HayunTcss HaXoauTh ONTUMAJIBHBIE MapaMETPbI

npoucCcCoB IPOU3BOACTBA IMHIICBLIX IMPOAYKTOB C HCIIOJIb30BAHUCM
OBM

Oo6opynoBanue: DBM mnporpamMmMmHOe oOecrieueHHe, TaOIUYHBIN
penaktop Excel, Bxomsimieit B cocTaB makera mnporpamMm Microsoft

Office.

Xoa padoThI:

HaxoxneHue ypaBHEHHSI PErpPecCMd M HA €ro OCHOBE — OITHU-
MaJIbHBIX apaMeTPOB MPOIECCOB LETECO00pa3HEE BCETO MPOBOAUThH HA
OBM. JIn51 5TOr0 MOXHO BOCIIOJIB30BaThCS MIUPOKO PACITPOCTPAHECHHOM
nporpammoi Excel, Bxomsmieit B coctaB makera mporpamm Microsoft
Office. Ilepen mpoBeneHHEM SKCIIEPUMEHTOB HEOOXOIUMO YCTAHOBUTH
MUHHMMaJbHO U MaKCUMaJIbHO BO3MOKHBIC U3MEHECHUS MIEPEMEHHBIX Ma-
paMeTpoB mporecca. [lanee mpoBOISAT 3KCIEPUMEHTHI TPU YCTAHOBJIEH-
HBIX MAaKCHUMAaJIbHBIX U MUHUMAJIbHBIX 3HAYEHUSX MapaMeTpOB C HEKO-
TOPOM TOBTOPSEMOCTBIO ISl OOJIBIIIEH TOYHOCTU OMPEACIICHUS OITH-
MaJIbHBIX TMapaMeTpoB. Kpome Toro, 1enecooOpa3Ho MPOBECTH JKCIIe-
PUMEHTHI TIPU CPEIHUX 3HAYEHUSAX MEPEMEHHBIX mapaMeTpoB. OTKpPHIB
nporpammy Excel, HeoOxonumo BBeCTH pe3yiabTaThl U3MEPEHUN OT-
JIETbHBIMH CTOJIOLIAMU JJIs1 K&KIOT0 TapaMeTpa U (PyHKITUIO .

Hanpumep, 1iist nojiydyeHusi ypaBHEHHS PETPECCUU BHUIA

2 2
y=>b,+bx, +b,x, +bx, +b,x; +b,,x; +b,x.x,
HEOOXOJMMO YCTAaHOBUTHb 3HAYEHHUs MapameTpa X; B sueiikax
cronbua 4, mapamerpa X, — B siueilike crtoybua 5, mapamerpa Xz — B

o 2 o

aueiike cronbua C, mapamerpa X;” B sueiike crondia D, mapamerpa
2 .

X,"— B suelike crojbua FE, mapamerpa X1X; — B ctonbie F, 3HaueHus
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¢yHKIMM y — B siuelike cTondua G. 3aTeM B MEHIO OTKPBITH OKHO «Cep-
BUC» U JlaJiee — OKHO «AHanu3 AaHHBIX». [Ipy 3TOM OTKpOETCS OKHO
«IHCTpyMEHTBI aHaIn3a». B MOCIEIHEM HAWTU U BBIICIUTH MBILIKOW
ctpoky «Perpeccusi» m BBectn kHOnKOM «OK», otkpoercs okHo «Pe-
rpeccus». B 1aHHOE€ OKHO HEOOXOJMMO BBEeCTH (DYHKIIUIO ), O0OBeds
cToa0el MpIKOM (B HameM ciaydae — ctonben G). Jlanee HeoOXxoauMo
BBECTH BXOJIHOW MHTEPBAJI X, 00BE/ MBIIIKOWU CTOJIOIIBI C MapaMeTpaMu
(B HammeM npumepe — crouousl A, B, C, D, E, F) ogHUM IBHKEHHUEM I10
auaroHand. MBIIIKOW TOCTaBUTh Tralodyku B rpadax «OctaTku» u
«HopMainbHast BEpOsITHOCTBY» U HauaTh paboTy KHOMKOM «OK».

Ha 5ToM ke ujIu cocelHEM JIUCTE MOSIBATCS PE3YJIbTaThl PACUETOB.
MO>XHO OIIEHUTh TOYHOCTH MOJIYYEHHOTO YpaBHEHUS, UCIIOJIB3Ys KOA(-
¢unuent perpeccuu. Ilpu stom B rpade «K-mepecedenue» npuBencH
cBoOOIHBIN wieH Dby, mamee B rpadax «llepemeHHas X;» M Tak jaajiee
npuBeneHbl ko3 duimentsl (b1, b2 u T. 1) IpU COOTBETCTBYIOIINX
cToJIOIax, 0003HAYEHHBIX B TaOmuie 3HakaMu x1, x2 u 1. 1. Hmxke, B
paznene «BbIBOJ: OCTaTKW» MPUBOISITCS pACUCTHBIC 3HAUCHUS (DYHKIIUU
Y, pacCUMTaHHbIE MO TMOJYYEHHOMY YypaBHEHUIO perpeccun. Jliis
HAXOXKJICHUs] ONTUMaJIbHON BEMTWYUHBI DYHKIIUK y (MUHUMAJIBLHON WU
MaKCHUMaJIbHOM) HEOOXO0IMMO BBECTH B aKTHUBHOE OKHO paHee MOTydeH-
HOE€ ypaBHEHHE perpeccuu. [Ipu 3ToM B KauecTBE NMEPEMEHHBIX Mapa-
METPOB HEOOX0aUMO Hcmnonb3oBath suekku Al, B1, C1 u T. a. Jlnsa na-
pameTpa Y HCIIOoNIb3yeTCs Clenyionas ssuckika (B HameM npumepe — D1).
Hampumep, ypaBHeHne

y=23,5+4,5x, +7,8x, +8,2x, —55x +75x,x,

MO>KHO 3aIIUCaTh B BUJE
D1=235+4,5%¥A1+7,8*C1+8,2%C1-55% AIA2+75+* Al * B1.

B ypaBHeHUUM B KauecTBe mapameTpa )y UCHONb3YIOT sueiiky D1. B ka-
YeCcTBE NMEPEMEHHOro napamerpa X1 ucnons3yror siueiky A1, mapamer-
pa X2 — B1, mapamerpa X3 — C1. B rmaBHOM MeHIO «CepBUC» OTKPBITH
okHO «Ilouck pemeHus», yCTAHOBUTh Kypcop B OKHE «Y CTAHOBUTH I1€-
JIEBYIO» U BBIACIINUTH SYEHKY, B KOTOPYIO BBEAECHO paHEE MOIYYEHHOE
ypaBHeHUE perpeccud (B HameM npumepe — D1). YcranoButs Kypcop B
okHe «V3MeHsIs sSTYeHKN» U BBIJETUTD TYEHKU IEPEMEHHBIX TapaMeTpOB
(B mameMm ciydae — A1, B1, C1). YcraHoBUTh TOUKY B OKHEe «PaBHas
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MAaKCUMAJIbHOMY 3HaueHUIO», «PaBHasg MUHUMAIBbHOMY 3HAYCHUIO»,
«PaBHas 3Hauenuro 0» wim apyrout BenuunHe. Jlanee B okHO «OrpaHu-
YEHUs» HEO0OXOJMMO BBECTHU MpeJleSIbHbIC 3HAYCHUS NMEPEMEHHBIX TMa-
pametpoB (B HameM ciaydae — Al, B1, C1), ucnonb3ys kHomky «Jlo0Oa-
BUTH», OTKPHIBIIIYIO OKHO «JloOaBieHue orpanudeHus». [Ipu 3Tom BBO-
JAT OTPaHUYCHUS 3HAKaMK <=, =, >=, Ka)Jj0€ OrpaHUYEHHUE BBOJIST IO
OTAEIbHOCTH KHOMKOM «OK». 3aTeM HauyMHAIOT BBINOJHATH PACUETHI
Ha)KaTUEM KHOTNKU «BbImonHUTHY». B KOHIIE pacyeToB MOSIBUTCS OKHO
«Pe3ynpTarsl MOMCKA PEMIEHUS»; €CIU PEUICHUE YCIIEIIHO, TO MOSIBUTCS
Haanuch «Pemrenne HanaeHo. Bece orpaHnyeHns U yclIOBUs ONITUMM3a-
UM BBIMOJHEHB». [Ipn 3TOM B siUeliKax MEPEMEHHBIX MMapaMeTPOB MO-
ABSITCSI ONTUMAaJIbHbIE BEJIUYUHBI (B HalleM MpuMmepe — B siueiikax Al,
Bl, Cl), a B sueiike mid GyHKIUH — €€ ONTUMAajbHas BeIMYUHA (B
HaIleM npumMepe — B siaeiike D1).

[Ipu oTCyTCTBUM ONTHUMAJIbHON BEJIMYMHBI WJIM OIMMOKAX BBOJA
BO3HUKAET HAAMUCH «IIOMCK HE MOKET HANTH MOAXOASIIETO PELICHUSD.
Torma He0O6X0AUMO HANTH U UCTIPABUTH OITMOKHU U TTIOBTOPUTH PACUETHI.
B nmanpHelimeM nenecooOpa3HO MPOBECTH HEKOTOPOE YUCIIO 3KCIEpH-
MEHTOB BOJIM3H TOYKH, OMPEJECICHHON B KQUECTBE ONTUMyMa MEPEMEH-
HBbIX MapaMeTpPOB U MOBTOPUTH PacyeThl JJIA OMNpe/eseHnus 0oJiee TOU-
HOT'O 3HAYEHHS ONTUMAIIBHBIX apaMETPOB.

3aganue 1 IlpoBecT ONTHUMHU3ANKMIO WCIOIB30BAHUSI THUTATEIb-
HOM Cpepl NpH KyJIbTUBUPOBAHUH JAPOKIKEN C UCITONB30BaHHEM DBM

Brixon 6momacchl JpoxoKed onmpeaessieTcs HeabiM psiaoM (akTo-
POB, Cpel KOTOPBIX NEPBOCTENIEHHOE 3HAYCHUE UMEET MaccoBas IO
azota u ¢gocdopa B cpelie OMOTHHA, SBIAIONIETOCS CTUMYISTOPOM PO-
CTa JpOxiKeil. PaccMOTpUM 3aBUCHUMOCTD BBIXOJda OMOMACCHI IPOAKKEN
OT MAacCChl €axapo3bl, BBIPAXKEHHOU B IPOLEHTAX, OT MACCOBOW J0OJIU
cyibdara ammonus — X1, nuammonuiidpocdara — X2 u 6uotuna — X3 B
Cpelle mpHu BBIpAIIMBAaHUM caxapomuueToB. Ha ocHOBaHWM paHee BBbI-
MOJTHEHHBIX HCCIIEIOBAHUM B KayeCTBE OCHOBHOIO ()oHa BbIOHMpaem
cJeyIoIIne 3HaueHus n3ydaeMbix rnapametrpoB: X10 =400 mr/m; X20 =
30 mr/m; X30 = 1 mr/n. Beitbupaem nHTEpBaJIbl BApbUPOBAHUS TIEPEMEH-
HBIX (aKTOPOB (HAMOOJIBIINE JOMYCTUMBIC TOTPEITHOCTH MTapaMeTPOR)
A1= 200 mr/im; A2= 20 mr/im; A3= 1 mr/m.

HaxonuM BepXHUW M HUXHUM YPOBHU H3y4aeMbIX (DAKTOPOB,
MT/T:
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X" =400+200 = 600;
X, =400-200 =200;
X; =30+20=50;

Xs =30—=20=10;

X; =1+1=2;

Xz =1=1=0.

CocragisieM 1U1aH OMBITOB ISl POBEAEHUS YKCIIEPUMEHTOB, B KO-
TOPOM NPEAYCMATPUBAEM NPOBEACHUE SKCIEPUMEHTOB B Pa3IUUYHBIX
BapUaHTaX MPHU NPEJCIbHBIX 3HAYCHUSAX NEPEMEHHBIX MapaMeTpoB. s
MOJy4YeHUs1 00JIee TOCTOBEPHBIX PE3YJIBTATOB KaXKAbIl ONBIT TOBTOPSIEM
HECKOJIBKO pa3 (B HallleM ciyyae — TPEXKpaTHO). Pe3ynbTarsl 3aHOCUM

B Tabnuiy 1
Tabnuna 1Matpuiia 3KCiepUMEHTAIBHBIX TaHHBIX

HatypasibHble 3HaueHUs Beixos 6uomaccsl,
u (bakTopoB, MI/1 %

5 X; X » Vs Vs Y
1 200 10 0 47 53 50 50
2 600 10 0 42 49 44 45
3 200 50 0 43 36 41 40
4 600 50 0 78 71 61 70
5 200 10 2 76 84 80 80
6 600 10 2 76 80 69 75
7 200 50 2 69 58 65 64
8 600 50 2 82 79 94 85

Hanee otkpeiBaem nporpammy Microsoft Excel u mepeHocum B
TaOJUIy MPOTrpaMMbl IEPEMEHHBIE MMApAMETPhI X U CPEAHIOI BEIUYUHY
¢yukuu Y. [IpoBoaum pacdyeT Mo ONMCAHHOW METOAUKE.

KoHTpoJIbHBIE BOMPOCHI
1. Kak mpoBecTy pacueT ONTHMAIBHBIX TapaMeTPOB C UCIOIE30BaHUEM
nakera npukiaaaaeix nporpamm Microsoft Excel ?
2.YTo mpu HAXOXJICHUU ONTHMAJBHBIX mapamerpo B Microsoft Excel
o3HaudaeT HaamuCh «IIOMCK HE MOXKET HAWTH TIOXOISIIETO PEIICHUS?
3. Uto o6o3HavyaeT BepXHUN U HIHKHUN YPOBHHU HM3y4daeMbIX (DaKTOPOB
NIPH PEIICHUU 337291 ONITUMU3AIAN?
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IIpakTuyeckas padora Ne3 Anmpokcumaiiusi SKCIEPUMEHTAb-
HBIX JJAHHBIX

Hear padorbl: M3yunuTh METOABI MOIMYYEHUS SMIIUPUYECKUX
dbopMys u npouecc anmnpokcumaiuu. Ilogo0pars sMoupuyeckyo (op-
MyJ1y MO pe3yJibTaTaM U3MEPEHUM.

OobopynoBanue: DBM nporpamMmmHoe oOecriedeHue, TaOTHMIHBIHI
penaktop Excel, Bxomsimieit B cocrtaB makera mnporpamm Microsoft
Office.

Xoa padoThI:

B mporiecce skciepuMeHTaIbHBIX UCCIIEIOBAaHUN TTOJTy4aeTcs cTa-
TUCTUYECKUN psAn aprymeHta x1, x2, ..., xn, KOTOPBII COOTBETCTBYET
3Ha4YeHuo aprymenTta yl, y2, ..., yn. Ha ocHOBe 3KCIEpMMEHTaIbHbBIX
JTAHHBIX MOXHO MOJ00paTh anredpandeckoe BhIpakeHUE (DYHKIIUU
y = f X koropoe Ha3bIBaeTCs sMmupruyeckor popmynoi. Takue Gopmy-
JIbl IOAOUPAIOT JIUIIb B MPEIeIaX U3BMEPEHHBIX 3HAUYEHUN apryMeHTa, U
OHU UMEIOT T€M OOJIBIIIYIO IIEHHOCTh, YeM OOJIbIIIE COOTBETCTBYIOT pe-
3yJbTaTaM SKCIEPUMEHTA. X1- Xp
OmMnupuydeckue (opMyibl JOJDKHBI OBITH MO BO3MOKHOCTH HauOosee
MPOCTHIMU. METOABI TOJTYUYCHUS! SIMIUPUUYECKUX (POpMYJT HA3BIBAIOT an-
npokcumayuei, a PyHKUUU — annpoxcumupyrowumu. IIpouecc anmpok-
CUMAIlMM COCTOMUT M3 JBYX ATanoB. Ha mepBoM 3Tame Hamo B omnpene-
JIEGHHOM MaciiTabe HaHEeCTH Ha TpaduK dKCIEPUMEHTaIbHbIC TOUKH, CO-
€MHUTh UX KPUBOU U BbIOpaTh BU (hopMyibl. Ha Bropom stane HeoO-
XOJIMMO BBIUUCIIUTH MapamMeTPhbl, KOTOPhIE HAWIYUYIIUM O0pa3oM COOT-
BETCTBOBAJIM Obl TipuHATOM Qopmyine. [londop 3KkcnepuMeHTAIbHBIX
dbopMyI clielyeT HauuHaTh C CaMbIX MPOCTHIX BbIpaxxeHud. Hanpumep,
pEe3yJIbTaThl U3MEPEHUM MHOTUX SBJIECHUM U MPOLECCOB ANNPOKCUMU-
PYIOTCSI TPOCTEHIITUMH SIMITUPUUESCKUMH YPaBHEHUSIMU.

[Ipy annpokcuManuu 3KCIEPUMEHTAIBHBIX JTAHHBIX TMOJIb3YIOTCS
METOJIOM HAaWMEHBIIUX KBaJpaToB, OOECIEYMBAIOIIMM MHHUMAIBHOE
3HAQYEHUE CPEAHEKBAIPATUYHOTO OTKJIOHEHMUS HKCIEPUMEHTATbHBIX
JAHHBIX OT pacyeTHbIX. DOPMyJIbI JIJIsI pacyeTOB MapaMeTPOB ypaBHE-
HUW pa3IUYHBIX BUJOB METOJIOM HAMMEHBIINX KBAJIPATOB MPHUBEIACHHI B
crenuanbHoM nuteparype. boiee yaoOHBIM U MeHEe TPYIAOEMKUM SIB-
nsietcst npuMeHenre 9BM ¢ UCnonb30BaHUEM CTAHAAPTHBIX MPOTPaAMM.
JI1st anmpoKCUMAITUK SKCIIEPUMEHTANIBHBIX JTAHHBIX YJI00HO HCMOJIb30-
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BaTh nporpammy Microsoft Excel. B ciyudae onHodakTopHOoro ananusa,
KOTJla pe3yJIbTaThl aHAIN3a 3aBUCAT OT OJHOTO NEPEMEHHOIO MapaMeT-
pa U TPUMEHSIIOTCA MPOCThie (HOPMYJIbI, YIO0OHO HMCIOIB30BaTh MPO-
rpammy «Macrtep mmarpamm». s 3TOrO OTKpPBIBAEM MPOrpaMmy
Microsoft Excel, BBoguMm B cToji0eln] A JaHHbIE IEPEMEHHOTO ImapamMeTpa
X, B cronbery B — naHHble QYHKUIMM ). B TrJIaBHOM MEHIO OTKpbIBaeM
crosibenr «BcTtaBkay, B KOTOpOM OTKpbIBaeM CTpoKy «Jluarpammay. [Ipu
TOM OTKpoeTcst okHO «Mactep auarpamm (mar 1 u3 4): Tun auarpam-
MbI». Ya00Hee Bcero BbIOpaTh Tl guarpammbl «Toueunas». Bung to-
YEYHOU JAArPAMMBI, ITO3BOJIAIONIEN CPABHUTH Mapbl 3HAYEHUW, BBOJAT,
HaxkaB KHONKY «/lanee». Ilocne 3toro otkpeiBaeM okHO «Mactep nua-
rpamM (mar 2 u3 4): UCTOYHUK JAHHBIX». Y CTAHABIMBAEM JUAIa30H
TaHHBIX, 00BEAS MBIMKOW UQPHI 10 AuaroHai u. [Ipu s3Tom oTkpoeTcs
oKkHO «VcxoaHbIE TaHHBIE», B KOTOPOM MOSIBUTCS Tpaduk ¢ yKazaHUEM
HKCTIEPUMEHTATBHBIX TOUEK O€3 coenuHeHus ux juHueu. llepeitnem B
CIEAYIOIIEE OKHO HaXKaTheM KHOIKU «/lanee». OTkpoem okHO «Mactep
nuarpamm (mmar 3 u3 4): tun auarpamMmbl»y. HaxkaB KHONKY «3aroJios-
KW», BBEJIEM HAa3BaHWE JUarpaMMbl, HA3BaHUE OCU X U HA3BAHUE OCH ;
ATU Ha3BaHMs MOSABATCA Ha rpaduke. Haxas kHomky «Ocu», ycTaHaB-
JIMBAEM TaJO4YKd B OKHaX «OCh X — OCHOBHbIE JUHUM» U «OChb Y — OC-
HOBHbIE JMHUMWY». HaxaB kHOMNKY «JlereHna», ompeaeiauM pacrosoxe-
HUE€ JiereHbl (Ha3BaHus JMHUK Ha rpaduke). Ecim Ha rpaduke onHa
JIMHUS, JIETEHY MOXKHO CHATh, yOpaB raysiouky. HaxkaB xHomnky «Ilon-
MACH JTaHHBIX)», YCTAHABIMBAEM Ha3BaHMs TOUEK rpaduka. Yaie Bcero
CTaBAT TOUKY B OKHEe «Her». Haxumaem kHOnKy «I'0TOBOY», mocie 4ero
MCUYE3HYT OKHA, B Tabnuile octaHeTcs rpaduk. OTKpbIBaeM CTOJIOCI B
IJIaBHOM MeHI0 «Jluarpammay, cTpoky «Jl00aBUTH JIMHUIO TPEHIA».
[Ipu 3TOM OTKpoOeTcsi OKHO «JIMHMS TpeHaa», B KOTOPOM BBIOMpPAEM H
BBIJICJISIEM BHUJ| YpaBHEHMs (JIMHEHHOe, JorapupMuueckoe, CTEIeHHOE,
AKCIOHEHIIMAIbHOE, MOJMHOMUAIIBHOE, CKoJyb3see cpeaHee). Haxas
Ha Touky «llapameTpsl», ycTaHaBIMBaEeM TaJlouku B okHax «lloka3ath
ypaBHeHHE Ha auarpamMme» U «llomecTuThs Ha auarpaMMme BEJIUYMHY
JIOCTOBEPHOCTU aNIPOKCUMAIMW» U BBOJAUM X KHOMKOU «OKy». Ilpu
ATOM OyJIeT pacCUYMTAaHO ypaBHEHHUE alMIPOKCUMAIINH, IPUBEJECHO YpaB-
HEHUE Ha rpaduke, MOKa3aHbl BelnunHa R2 u nuHus rpaduka Ha OCHO-
BaHUM TMOJYYEHHOU (Qopmysibl. MaKCUMalIbHO BO3MOKHOE 3HAUYEHUE
BenuuuHbl R2 = 1. B ciydyae HemoCTaTOUYHOM JOCTOBEPHOCTH alllpOK-
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CUMallUM MOXXHO 3a/1aTbCsl IPYTMM BHUJOM YpaBHEHHS U TIOBTOPUTH
pacuetbl. TakuMm 00pa3oM, MOXKHO IMOJ00paTh ypaBHEHUE, 0OeCIeUu-
Barollee HauOOJBIITYI0 TOCTOBEPHOCTb.

3apnanue 1 IlogoOparh sMmmupudeckyro (GopMyily H3MEpPEHHI,
MPUBEICHHBIX B TaOmuie 1

Tabnuna 1 Pe3ynbrarsl usMepeHuit

[Tepemennbiii PesynbraT [lepemeHHbII PesynbraTt
napaMerp U3MEpPEHU napameTp V3MEpPEHUI
1 12,1 5 40,5
2 19,2 6 46,4
3 25,9 7 54,0
4 33.3

OTtkpsiBaeM nporpammy Microsoft Excel. BBoaum Tabnuiry ucxomaHbIx
naHHbIX. B cTonben; 4 BBOauM mepeMeHHbIe ITapaMeTphl, a B cTosben B
— pe3yibTaThl M3MEpPEeHHi. B TJ1aBHOM MEHIO BBIIEIAEM CTOJIOEI
«BcTtaBka», B KOTOPOM OTKpbIBa€M CTPOKY «Jlmarpammay, mpu 3ToM
oTkpoetrcs okHO «Mactep auarpamm (mar 1).». Beigensiem tun nua-
rpaMmbl — « TodeuHas», BBoguM KHONKOU «/Jlanee >» u «l'oroBo». Ilpu
ATOM B T0JI€ TAaOJUIIBI HA KOMITBIOTEPE MOSIBUTCS rpaduk. B riaBHOM
MEHIO OTKphIBaeM crtosiden «Jluarpamma, B KOTOPOM BBIJIETISIEM CTPO-
Ky «JloOaBuTh nuHuio TpeHaa». [Ipu 3ToM oTkpoercss okHO «JIuHus
TpPEHJIa», B KOTOPOM BBIJIEIsieM THUIl ypaBHEHUs — «JIMHEHHOEe», HaXKaB
Ha KHOTIKY «[lapameTpri». HeoOxonumo BbIIEIUTh CTPOKY «ABTOMATH-
YECKUI», BBIAEIUTh rajoukamu cTpoku «IlokazaTe ypaBHeHUE Ha nua-
rpamMe» U «lloka3zarh Ha nuarpaMme BEJIMYMHY JOCTOBEPHOCTH all-
MpOKCUMAalMM» U BBECTH HaxkathueM KHONkU «OK». Ha moiie Tabnuisl
MosIBATCA TpadUK C ypaBHEHUEM U 3HAYCHHE MMOKA3aTeNsl CTEIEeHU J0-
ctoBepHocTH R°. Eciiu XOTUM CpaBHUTH ONMHMCAHUE C JPYTHUMHU ypaBHE-
HUSIMU, TO, IOBTOPUB YKA3aHHbIE MAHUIYJISIIUKA U BBIJICJIUB TUIl YpaB-
HeHust «Jlorapupmuueckoe», «CreneHHOE», «IKCIOHEHIHAIBHOE
«lTonmmHOMUMaNbHOE 2-i1 CTENEHW» WA APYTUX CTENEHEH MOJYyYHM CO-
OTBETCTBYIOIIME ypaBHeHUs. Hambonee mpocroe ypaBHEHHUE, KOTOPOE
JacT JOCTATOYHYIO JOCTOBEPHOCTh, — JIMHEWHOE. bonee BBICOKYIO HO-
CTOBEPHOCTh 00€CTIeUNBaIOT O0JIee CIOKHBIE YPABHEHUS! — MOJIMHOMHU-
anbHble. [Ipy HaxoXkAeHUU 0oJiee CIOKHBIX AMIMPUUYECKUX YPAaBHEHUN
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11e7IeCO00Pa3HO MCIIOJIB30BaTh METOJI HAXOXKIACHUS ypPaBHEHUS perpec-
CHHU.

KoHTpoJibHBbIE BONIPOCHI
1. JTaiiTe MOHATHE TEPMUHY «AIMPOKCUMAIIUS
2. Uto 0003HaYaeT MOHATHUE «AMITUpUUEcKas Gopmyiay
3. KakuM monb3yroTcs METOAOM IMpH anmpoOKCUMAIMM SKCIEPUMEH-
TAJIbHBIX JAHHBIX?
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