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HEPANCJIOBUE

B mpomecce opraHuzaiu  SKCIEPUMEHTAJIbHBIX HCCIICA0OBAHUM
pelIaeTcsa MUPOKUN KPYT 3a/1a4, CBI3aHHBIX C TOCTAHOBKOM MCCIICIOBAHMS,
pa3pabOTKON MPOTPpaMMbl  €ro MPOBEACHUS, OLEHKOW MMOJYyYEHHBIX
pe3ysibTaToB. B psifie ciydyaeB 3KCIEPUMEHTHI BBIMOJHSIIOTCS B YCIOBUU
JIEUCTBUSI CIydallHBIX (hakKTOpoB, U 00paboTKa pe3yJbTaTOB TaKUX
SKCIIEPUMEHTOB  CBf3aHAa C  MCIOJIB30BAHUEM  METOJAOB  TEOPUHU
BEPOATHOCTEN U MATEMATUYECKON CTaTUCTHUKHU.

YuuTeiBas OTrpaHHYCHHBIH 00BEM METOIWYECKHX MATEPHUAJIOB IO
BOIIPOCY pa3pabOTKHU MarucTepCcKOn JUCCEePTAIIMU, AaBTOPHI MPU HATMCAHUU
MOCOOMsl TPUICPKUBAIUCH TOYKH 3PEHUs, UYTO H3JIaraeMblii MaTepual
JOJKEH OBITh HANKCaH KpaTKo, SICHO, JOCTYMHO ISl TOHHWMaHWS, a
HEO0OXOIMMbIE TEOPETUUECKUE BBIKJIAJIKU MOJKPEIJICHBI PEIICHUEM 3aaad
U3 00JaCTU DJICKTPOIHEPTETUKU U DJICKTPOTEXHUKH.

OCHOBHOE TEOPETHUYECKOE COJACp’KaHHE TOCOOHsS  COCTaBIISIOT
BOIIPOCHI,  CBSI3aHHBIE C  OILIEHKOM  TOTPEIIHOCTH  U3MEPEHHU,
MJIAaHUPOBAHUEM DKCIIEPUMEHTOB, 00PaOOTKON CTATUCTUYECKUX JaHHBIX.

B mocobum nmarotcsi METOAMYECKHE PEKOMEHJALMM, IO OILICHKE
MOTPEIIHOCTH MPSMBIX U KOCBEHHBIX U3MEPEHU.

Buenpenue MaTEeMaTHYSCKUX METOJIOB MJIaHUPOBAHUS
AKCIICPUMEHTOB TO3BOJISIET B 3HAYUTEJILHOM CTENEHU HCKIIOYHUTH
WHTYWUTUBHBIN, BOJEBOM MOJXOJ] M 3aMEHUTh €r0 Hay4yHO-OOOCHOBAHHOM
OporpaMMoOil  TMPOBEACHUS  DKCIEPUMEHTAJIBHBIX  HCCIICIOBAHMUM,
cojiep Kalleil 0ObEKTUBHYIO OIEHKY MOJIYyYEHHBIX pe3yJsibTaToB. [Ipu aTom
OCYIIIECTBJISCTCS YMPABJICHUE MPOIECCOB MPOBEACHUS IKCIEPUMEHTa C
MUHHMMAaJbHBIM YHUCJIOM ONBITOB. M3BECTHO, YTO METOJbI IJIAHUPOBAHUS
SKCIIEPUMEHTOB  Oa3uUpyIOTCS  HAa  TEOPETUUYECKUX  TOJOKEHHUSIX
KOPPEIAIMOHHO-PETPECCUOHHOTO  aHanu3a. Mcmoib30BaHWE  TaKoOro
MOoJaX04a B KHHUIE JOBEJICHO JO0 PEIICHUS KOHKPETHBIX IPUMEPOB U3
00J1aCTH AJIEKTPOIHEPTETUKHU U IJICKTPOTEXHUKH.

[Tocobue comepKUT TakKe HEOOXOIUMBIC CBEIACHUS M3 TEOPUH
BEPOSITHOCTEN M MaTEeMaTHYECKOW CTAaTUCTUKU, MO3BOJISIONINE CTYJICHTY
KBAJIM(PUIIUPOBAHHO MTPOBOJIUTH 00PA00OTKY CTaTUCTUYECKUX JaHHBIX.

[Ipu ocBOeHHUM AUCHUIUIMHBI 0OyUaromecs: GOPMHUPYIOT 3JIEMEHTHI
caenyromux komnereHuuil: 11K-21; 11K-22; ITK-23 ;I1K-24; T1K-25.



1 Kparkue cBeieHHs U3 TEOPUH BEPOSITHOCTEH

1.1 Cnyuaiiabie COOBITUS U CTyYailHbIE BETUYUHBI

AOCTpakTHOE TIOHSITUE «COOBITHE» OMNpeneseTca TEeM, YTO
OPOUCXOJUT WM HE TMPOUCXOJUT HEKOTOpoe sBiicHUE. [loHsaTus
CIIy4alHOCTh, BEPOSTHOCTh 3aMMCTBOBAHbI M3 BHEIIHETO MHpA.
CiyyalilHOCTh — Clly4yail, BEpOSTHOCTh — Bepa. Teopus BEpOSTHOCTEU
SABJISICTCS PUKJIATHON HAyKOM, OHA paboTaeT ¢ OKpyxaromum mupom. [Tpu
ATOM CIIyYalHOCTh — JTO SIBJIEHUE, 4 BEPOATHOCTh — 3TO CPEICTBO €TI0
KOJINYECTBEHHOTO OIMMUCAaHUS, MEpa BO3MOXXHOCTHM €TO HACTYIUIEHUS B
OyTyIIem.

Htak, BEpOSATHOCTh 3TO YHUCICHHAs MEpa BO3MOXKHOCTHU MOSIBICHUS
WIN HE TOSIBJICHUS] MU3y4aeMOro COOBITHS, HAalpUMEpP, NPHU MPOU3BOJCTBE
UCIIBITAHUI €10 HA3bIBACTCSI OTHOIICHHUE YUCJIAa OJarompUsiTHBIX MCXOJI0B
UCIIBITAaHUN K OOIleMy YHMCIy MNPOBEJACHHBIX UCHBITaHUNA. BeposTHOCTH
coObITUA A ompezaenseTcs o hopmyie

P(A)%, (1.1)

TJI€ M — YUCIIO OJaronpUsTHBIX UCXOJIOB,

N — o0111ee YHuCiIo NCXOI0B.

CoObITHe, BEPOSITHOCTh KOTOPOTO paBHA €AWHUIIC, Ha3bIBACTCS
JIOCTOBEPHBIM COOBITHEM, T. €. TAKUM COOBITHEM, KOTOPOE B PE3yJIbTaTe
onbITa 00s13aTeNbHO Mpou3oiieT. CoObITHE, BEPOATHOCTh KOTOPOTO paBHA
HYJIFO, Ha3bIBACTCS HEBO3MOXKHBIM COObITHEeM. CiydallHbIM Ha3bIBACTCS
cOoObITHE, KOTOPOE€ MOXKET MPOU3OUTH WM HE MPOU3OUTH TIpH
OIPEICIICHHBIX 3aJJaHHBIX YCIIOBUAX.

[IpenckaszaTe Kaxkjaoe ciydaiiHOe COOBITHE HEBO3MOXKHO. OmHAKO
OOJIbIIIOE YHUCIO OJHOPOAHBIX CIyYalHBIX COOBITUM TOJYUHSICTCS
OIPEICTICHHBIM BEPOSITHOCTHBIM 3aKOHOMEPHOCTSIM. Teopusi BEpOATHOCTEN
3aHUMAETCS U3YYEHUEM 3TUX 3aKOHOMEPHOCTEH.

[Ipy OMHOBPEMEHHOM H3YyYEHUU ABYX WM HECKOJBKUX COOBITUM
pa3IUYalOT HE3aBUCHUMBIC M 3aBUCUMBIC, COBMECTHBIE U HECOBMECTHBIC
coOpITHs. Eciu BEpOATHOCTH OJHOTO COOBITHS HE M3MEHSIETCS OT TOTO,
MPOU3OIII0 WM HE TPOHU3OILIO APYroe CoOBITHE, TO TaKHe COOBITHS
Ha3bIBAIOTCS HE3aBUCUMBIMHU. Eci ke BO3MOXKHOCTH ITOSIBJIEHHSI OJIHOTO
COOBITHSI 3aBHCUT OT TOTO, MPOMU3ONLIO HJIM HE MPOHU3OILI0 JIPyroe
cOOBITHE, TO TaKW€ COOBITHUS HA3BIBAIOTCS 3aBUCUMBIMU COOBITUSIMU.



NMnynbcHbIE TIEpEHANPSIKEHUSI B AJIECKTPUUECKUX CETSX BO3HUKAIOT HE
3aBUCHUMO OT TEXHHMYECKOIO COCTOSIHUS JTHUX CeTel (HE3aBUCHUMBIC
COOBITHSA), U B TOXKE BpPEMSI OTKa3 OJHOTO M3 DJIEMEHTOB 3JICKTPUUYECKOU
CETU MOKET MPUBECTH K OTKA3y APYTHUX PJIEMEHTOB 3JIEKTPOYCTAHOBKHU

(3aBuCcHMBIe COOBITHS ). COOBITHS Ha3bIBAIOTCS HECOBMECTHBIMH, €CITH
HUKAKWE JIBa U3 HUX HE MOTYT IMOSBUTHCS BMECTE U, HA00OPOT, COOBITUS
Ha3bIBAIOTCSI COBMECTHBIMH, €CJIM OHU MOTYT MOSIBUTHCS OJTHOBPEMEHHO.

BeposiTHOCTh ciy4aliHOTO COOBITUSI €CTh IMOJOXKHUTEIBHOE YHUCIIO,
3aKII0YeHHOe MeX Ty HyJieM u enunanteit 0 < P(A) < 1.

[lonsiTuem BechbMa OJM3KUM K TIOHATUIO BEPOSITHOCTH SIBJISICTCS
OTHOCHUTEJIbHAS YacTOTa COOBITUHM, WM Y4acTOCTh. YacTOCTh onpeaensieTcs
o ¢hopmyie

w(A) = % (1.2)

I O — YKCJIO MOSIBJICHUSI COOBITUM B UCTIHITAHUSX.

Pa3znuna mexay BEpOSATHOCTBIO U YaCTOCTHIO 3aKJIFOYAETCS B TOM, YTO
JUISL ONpENEeIeHUsI 4acTOCTH TpeOyeTcs MPOBEJACHUE HWCIBITAaHUN, a AJIs
onpeJieNIeHNs BEPOSITHOCTH OHU HE TPEOYIOTCA.

CiydaitHOM BeTMUMHOM X HA3bIBAETCS BEJIMYMHA, KOTOPAS B JAHHOM
KOHKPETHOM OIIBITE MOXKET NMPUHUMATh OJHO U3 MHOXECTBA BO3MOYKHBIX
3HAYEHUW, TPUYEM 3apaHee HEH3BECTHO, Kakoe HMeHHO. CiydailHble
BEJIMYUHBI MOTYT OBITh JUCKPETHBIMU WJIM HENPEPBIBHBIMHU. B KadecTBe
JTACKPETHBIX BEJIUUYUH MOKHO PACCMATPUBATh YUCJIO ABAPUMHBIX 3aBOK Ha
00CITy>KMBaHHUE 3JIEKTPOYCTAHOBOK, KOJIMYECTBO MOCTYIMHUBIIUX B PEMOHT
3JIeKTpoaBUraresneu u ap. HenpeprlBHON CiiydallHON BEJIIMYUHOU SIBIISIETCS
BpEMSI BBIHYKJIEHHOTO IIPOCTOSI JJIEKTPOYCTAHOBKM H3-3a aBapUUHOMN
CUTYallNH, JJIUTEIBHOCTh TPO30BBIX NIEPEHANPSKEHUM U T. .

Jlnd onucaHus CIlydalHOW BEJIWYMHBI HYKHO 3HAThb BEPOSITHOCTHU
IPUHATHS €10 Pa3JIMYHBIX 3HAYEHUU. VcuepnbiBaromen XxapakTepucTUKON
CIIy4allHOW BEJIMYMHBI SIBJISETCS 3aKOH €€ PaCIpelNeseHus], M0 KOTOPbIM
IIOHUMAETCS CBA3b MEXKAY BO3MOXHBIMU 3HAUYEHUSMHU CIIy4aWHOU
BEJIMYMHBI U COOTBETCTBYIOIIMMU BEPOSITHOCTIMH [5].

3aKOH pachpeAcsCHUs] CIIy4ailHOM BEJIMYMHBI MOXKET 3a]1aBaThCs B
BUJIe TaOIuI], TpaduKOB, aHaIUTHYEeCKH. Hampumep, Mg HUCKPETHOU
CIyyallHOM BEJIMYMHBI 3aKOH paclpeliesieHus] MOKET OBbITh 3a/JlaH B BHJIE
TaOJIMIIBI, TIEpBasi CTPOKA KOTOPOM COAEP>KUT BCE BO3MOXHBIC 3HAUYCHUS
CJIly4YallHOM BEJIMYMHBI, & BTOpPasi — COOTBETCTBYIOLIUE BEPOSATHOCTU UX
nosiBieHus (Tabauma 1.1).



Ta6numa 1.1 - Tabauunas popma 3a1aHus 3aK0HA pacipe/ieleHust

X1 X2 Xn

Py P, P,

CyMMa BepOsATHOCTEN BCEX BO3ZMOKHBIX COOBITHI paBHA €IMHUIIC

Pi+P,+ +P,=1. (1.3)

3aKOH pachpeieeHUsT AUCKPETHOW CIIy4allHOM BEJIUYHHBI MOXKET
3a/7aBaThCs B BHUjE rpaduka pucyHoK 1.1, rae kaxaoMy 3Ha4eHUI0 X = xi

COOTBCTCTBYCT BCPOATHOCTDH P i
P. A

R 4

N =

1

Pucynok 1.1 — 3akoH pacnpeneneHust TUCKPETHON CIIy4YailHOW BEJIMUUHBI

1.2. UucioBble XapaKTEPUCTUKH CIAYUYAHHBIX BEJIMYNH

BMecTo noimHoro onpeneneHus Ciy4aiHOW BEJIMYUHBI B BUIE 3aKOHA
pacOpeneieHus B MPUKIIAIHBIX 3aJadaX YacTO HCHOJB3YIOT YHCJIOBBIE
XapaKTEPUCTUKHU, HA3bIBAEMbIE MOMEHTAMHU CIYYalHOW BEJIUYUHBL.
Haubonee vacTto Ha mpakTUKE B KauyeCTBE YHCIIOBBIX XapaKTEPUCTUK
UCIIOJIB3YIOTCSI MATEMATUYECKOE OKUTAHUE U TUCIIEPCUSL.

MaremaTtuueckoe oxxujianue M(x) TUCKPETHON CITy4ailHO BEJIMYUHBI
— CyMMa TMPOU3BEACHHM BCEX BO3MOXHBIX 3HAYECHUW CIyYalHOU
BEIIMYMHBI HA BEPOSITHOCTh JTUX 3HaueHUU. Ecnu 3agaH  pax




pacnpeesieHus: BEpOATHOCTEN P; M1l 3HAYEHUM X; NUCKPETHOM CIIy4YalHOU
BEJTMYUHBI X, TO MaTEMAaTHUYECKOE OKUJIaHUE OTpeesieTcs o Gopmyie

M(X) = my=Xi_, x; P;. (1.4)

OCHOBHBIE CBOMCTBA MAaTEMAaTHYECKOTO OKUJAHUSA: MATEMATUYECKOE
OXKHMJIaHWE TMPUOTUZUTEIBHO PABHO CpeAHeMy  apudMeTHUUYECKOMY
3HAQYEHUIO CIIy4alHOW BEJNUYUHBI (4eM OOJbIIE YMCJIO UCIBITAHUM, TEM
TOYHEE OTO TOXKJIECTBO), MATEMaTUYECKOE OXKUJIAHUE TMOCTOSHHON
BEJIMYUHBI PABHO ITOCTOSIHHOW BEJIMYHHE.

IToka3arenem, XapakTepU3YIOIIUM CTEIEHb DPACCESHUS CIIy4YauHOU
BEJIMYMHBI OKOJIO CBOETO MAaTE€MaTU4YECKOr0 OXUIAHUA, SBIACTCS
aucrepcers (MaTeMaTHYeCKOe OKHUIaHUE KBaJpaTa OTKIIOHEHUS CIIy4aitHON
BEJIMYMHBI OT €€ MAaTEMAaTUYECKOT'0 OKHUIaHUSA).

2
DX) = M[Xx-MX)]".

(1.5)

KOpeHB KBaHpaTHBIﬁ n3 JUCIICPCUHN HAa3bIBACTCA CpCAHUM
KBaAPATUICCKHUM OTKIIOHCHUCM

o, = VD(X). (1.6)

Tak kak 11 HENPEPBIBHBIX CIy4aWHBIX BEJIMYMH HEBO3MOXKHO
NEePEYUCIUTh BCE €€ BO3MOXKHBIC 3HAYEHUs, TO JUISI TAKUX BEJIUYUH
MOJIL3YIOTCS HE BEPOSITHOCTBIO cOoOBbITHA P(X = Xx;), a BEpOSITHOCTHIO
cooniTus P(X < X;). 3aBUCUMOCTh BepOsTHOCTH P(X < X;) OT X Ha3bIBaeTCS
GyHKIMEN pacnpeielIeHUs HeNPEepbIBHOM CITy4ailHON BeTWYUHbI F(x)

F(x)=P(X < Xx). (1.7)

OyHKIMSA pacperesIeHUsT — camasi YHUBEPCAJIbHAS XapaKTEPUCTUKA
Cly4daiiHOM BenuuyuHbl. OHa CyHMIECTBYET IS BCEX CIIyYalHBIX BEJIMYHH,
KAaK JUCKPETHBIX, TAKH HEPEPHIBHBIX.

Kpome uHTerpanpbHOi (QyHKIMU pacnpenesieHus: F(x) B MpakTUKE
OPOBEICHHUSI  BEPOSTHOCTHBIX  pPACUYETOB  HCIOJB3YETCS  Takas
XapaKTEPUCTUKA KaK INIOTHOCTh PACTIPEACIICHUS BEPOSITHOCTEN CIIy4YaliHOU
BeMUUUHbl (AU PepeHINAIbHBII  3aKOH paclpe/leNieHUs]  CIIy4yailHOU

BEJINYMHBI)
dF(x)

ORE (19)

Oynkuuu  F(x) u f(x) oOmagaroT clienyronuMu  OCHOBHBIMU
CBOMCTBaMH:
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e F(—o0) = 0, F(+00) = 1;
* F(x1) > F(x2) mpu X1 > Xy;
* (yHKIUS pacnpeesieHus] HenmpepbIBHA ClIeBa, T. €. F(x) = F(x - 0);

L fodx =1

. f(x) = 0.
MaremaTruecKkoe OXHIAHHE | JUCHEPCUS Il HENpPepPbIBHBIX
CITy4aiHBIX BEJTMYUH OMPECIISIOTCS TI0 (hopMyJIaMm:

c my= fjooo f(x)dx;

(1.9)
D) = M[X—my)?] = [7 (x — m)2f(x)dx. (1.10)

1.2 3akoHbI pacupeaeneHus CIIy4YaliHbIX BEIIMYUH

M3BecTHO 00JIBIIIOE KOJTMYECTBO 3aKOHOB PacpeIeeHUs CIydalHbIX
BeIMYMH. PaccMOoTpuM Hanbosee 4acTo UCTIOIb3YEMbIE U3 HUX.

Pacnpeoenenue Ilyaccona. Pactipenenenue Ilyaccona npumeHsiercs
JUIs  ONMHCAHUSl JUCKPETHBIX ClydalHbIX BeduuuH. OH MO3BOJSET
ONpEeNeNUTh BEPOSITHOCTh Pj(t) HACTymeHuss pPOBHO Kk COOBITHH 3a
NPOMEXKYTOK BPEMEHHU ¢

P() = e (1.11)

I7I€ ¢ — MAaTeMaTUYECKOE 0KUAaHUE YUCIIa COOBITHI 3a BpeMms f.
OT 3HaueHUs BEJIMYMHBI @ 3aBHUCUT BUJ KPUBBIX pPacIpeIesICHUS
(pucyHok 1.2).

Ipumep 1.1. Cpeguuii BbIXOJ OCBETUTENIBHBIX TPUOOPOB B PEMOHTHOM
mactepckout 3a BpeMst T = 1000 u cocraBun 20 mt. KakoBa BEpOSITHOCTh
TOro, uro 3a BpemMs 100 4 Bo3HukHeT 3 oTKa3a’?

P e me nue I. Tak kak OTKa3pl HE3aBUCUMBI APYT OT ApPYyra u
PAaBHOMEPHO pacIpeeseHbl BO BPEMEHH, YMCIO OTKa30B 3a Bpems 100 4
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pacnpenenseTcs no 3akony [lyaccona. MaTtemaTudeckoe 0XKUaHUE YKCIa
oTka30B 3a BpeMs 100 4 a ompeaennum ciaeayoinmM o0pa3oM
n 20

A===—-=002ua=At=0,02-100 =2
T 1000

2. BepO}ITHOCTB BO3HHMKHOBCHHU:A TPCX OTKA30B

k 23
_ 2 -a_ -2 _
Pk_3—k!e —1_2_3e = 0,18

Pucynoxk 1.2 — Bun kpuBsix pacnpenenenus [Ilyaccona npu pa3inndHbIX
3HAYECHUSX d

HenpepsiBHas citydaiiHas BeIMUMHA X HA3bIBACTCS PACIIPEICIIEHHON
10 HOPMAJIBHOMY 3aKOHY, €CJIM €€ IJIOTHOCTh PaclpeaelICHUs] UMEET BUJ
rAe mx U ax — MaTeMaTUYEeCKOE OXHUAAHUE U JUCTIEPCUs CIy4YahuHOU
BEJIMYMHBI X.

_ 2
! Gomy)” ) (1.12)

f(x) = J2moy €Xp (_ 202

e m, U 0, — MaTEMaTUYECKOE OKUIAHUE U JUCTIIEPCHUS CIyYalHOU
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BEJIMYMHBI X.
I'paduik MIOTHOCTH HOPMAJIBHOTO pacrpeneneHus (pucyHok 1.3)
HAa3bIBAECTCA HOPMAJIBHOM KPUBOW WM KpUBOU ['aycca
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f(x)A

0,<0,<0,

G,

m {

X

Pucynok 1.3 - II10THOCT HOPMAJIBHOTO pACIPENEIICHUS

DyHKIMSA pacrpeaeseHns] TPU HOPMaJIbHOM 3aKOHE paBHA

F(x) = — f_"w(—M)dx. (1.13)

2TiOy 202

IIpyn HOpMaILHOW KPUBOW pACIIPENECICHUS BEPOATHOCTH MOIAJAHUS
CITy4aifHOM BEJIMYMHBI X B MHTEPBAJI (a, B) MOXKHO OIPECTUTh 10 popmyIie:

Pla<x<p)=d (&) —® (“"m"), (1.14)

Ox Ox

rae O(x) - TabynupoBanHas Gynkuus Jlamnaca.

HopmanbHOoe pacmpezeneHue o00JagaeT JABYMs —3aMedyaTelIbHbIMU
CBOMCTBAMU:

1. CoracHO TIpaBUJIy TpPEX CUTM BEPOSTHOCTh OTKJIOHECHUS
ciay4yaliHOM BelM4uHBI Oojiee yeM Ha 30 HuutoxkHo Maia (0,0027). C
Y4ETOM MpaBwia 30 MOXXHO YCTAaHOBUTh HAJW4YHWE MPOMAXA B PE3YJbTATE
OT/ACIBHOTO HW3MEPEHMS, a 3HA4YUT OTOPOCHUTH €ro, €CIu pPe3yJbTaT
u3MepeHusi 0ojiee yeM Ha 30 OTJIUYAETCS OT U3MEPEHHOrO0 CPEIHEro
3HAYCHUS CIyYalHOW BEJIMYUHBI.

2. Ecnu caydaitHas BenuuumHa X TMPEJCTaBIsET CO00M CymMmy
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OOJIBIIIOT0 YKCJIA B3AMMHO HE3aBUCHUMBIX CIyYallHBIX BEJIWYUH, BIIUSHUE
KOTOPBIX Ha BCKO CyMMY Majo, TO BeJn4urMHa X HUMEET HOPMaJIbHOE
pacupeneneHue. 3aKOHOMEPHOCTb TaKOTO YTBEPKIACHUS CIEIyeT W3
LEHTPAJIbHOU MPEIEIIBHOU Teopembl JIanmyHoBa.

Pacnpedenenue  Beuibynna. 1IOTHOCTH — pacmpedeieHus s
CIy4yalHBIX BEJTWYWH, MOJAUYUHSIONIMXCS 3aKoHy BeiOymia, onpenensercs
o hopmyiie

f(t) = Bat*texp (—Pt%), (1.15)

rjae f U a - napaMeTphl pacpeaesienus, f - mapaMeTp macmrada, o - napa-
MeTp GOpMBI KPUBOIA.

Kpusas, xapakrepusyronas miIOTHOCTh PaCHpeNesCHUs] CIyYalHOU
BEJIMUMHBI, paclpeieICHHOM Mo 3akoHy BeiiOyiia, mokazaHa Ha pUCYHKE
1.4.

f(t)

1,0

0,5 \
@ AN
?J‘

0 1 2 3 4
Pucynok 1.4 — IlnotHoCTh pactipeneneHus BeiiOyia

Mopnens  BeliOymna  sBisieTcss  yHUBEPCAIBHONW  MOJIENbIO,
XapakTepU3yIoliell HaACKHOCTh AJIEKTpooOopynoBaHus. HaneKHOCTb
AJIEKTPOOOOPYIOBAaHUSI HAa Y4YacTKEe MNPUPAOOTKH BO MHOTHX CiIydasx
OIHUCBHIBAETCS TAaKWM 3aKOHOM ¢ & < I, B mepuona ctapeHus ¢ a > 1, a B
MEPUO]T UTATEIBbHOM SKCILTyaTalluu ¢ o0 = 1.

IKcnonenyuanbhoe pacnpeoenenue. IKCHOHEHUHAIbHASA MOJIEIb
NPUMEHUTEILHO, HANpUMEp, K HAJIE)KHOCTH OIUCHIBAET HAJEKHOCTh HE
CTapECIOIINX 3JEMEHTOB. DTOT 3aKOH OMPEIENISIETCS BCErO JIMIIb OJHUM
napametrpoM A(t) = const. Ilpu pacderax HaJAEKHOCTH ITOT TapameTp
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OpeACTaBIISIET CO0OM HMHTEHCUBHOCTh OTKa3oB. JluddepeHumanbHas
byHKIMA pacnpefeseHus] Cly4allHOW BEJUMYMHBI C DKCIIOHEHIMAIbHBIM
pacrpeieIeHUEM ONMCHIBAETCS BBIPAXKEHUEM

f(t) = de™*t. (1.16)

COOTB@TCTBGHHO, HHTGFp&J'IBHBIfI 3daKOH IIPH 3KCIIOHCHIIMAJIbHOM
pacupCaciiCHUN MOKET OBITH NpeaACTaBJICH B CJICAYIOIICM BHUAC

Ft)=1— e (1.17)

NuterpanbpHas QyHKIUS SKCIOHEHIIMATIBLHOTO PacipeaeICHUs
NOKa3aHa Ha pUCyHKe 1.5.

F(t)A

1,0 fmmmmmmm e

175 .| E—

-V

m

Pucynox 1.5 — UHTterpanbHas QyHKITHS SKCIIOHEHITUATBLHOTO PACIIPEICIICHUS

Pacnpeodenenue X urpaet 60JbIIYI0 POJIH PU 00PAOOTKE CTATUCTUYECKHUX
JTAHHBIX, TTOJIy4aeMbIX B pe3yJIbTaTe dKCIUTyaTaIlliH WU OIBITOB.
PaccmorpuM k HE3aBUCUMBIX CITy4alHBIX BETUYHMH Xq, X5,..., X), KOKIas

U3 KOTOPBIX paclipesielieHa 0 HOPMaJIbHOMY 3aKOHY C mapaMmerpamu m, = 0 u
02 =1, To ecTbh

—x2

fOr) =F=e (1.18)
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CYMMa KBaApPaTOB 3TUX BCIIMYNH o0o3HauvaeTcs ucepe3 )(2
=Y (0<x <o) (1.19)
[TapameTp k Ha3BIBAETCS YUCIOM CTEIIEHEW CBOOOIBI.

[110THOCTB pacnpe/eeHns BETMYUHb] ¥ 2 UMeeT cieayIoIuii BUj (pucy-
HOK 1.6) u onuchIBaeTcs hopmyion

~ _tzlez, (t=0) (1.20)

fx (t) =

rae f — taOynupoBaHHasi raMMma-QyHKIIHS.

0,5

f (1)

0.4

0.3

Pucynok 1.6 — [110THOCTB pactpeielieHUs BETMIUHBI ) >
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PacripesienieHre 2 IMPOKO MCIOIb3y€ETCs IPH OLEHKE CXOAUMOCTH
TEOPETUYECKOTO U CTATUCTUYECKOTO PACIIPEICIICHUM.

l'amma-pacnpedenenue — TPAKTUYECKA YHUBEPCAJIbHBIM 3aKOH
AKCIIEPUMEHTAIbHBIX UCTIBITAHUN. OH IIUPOKO MPUMEHSETCS [T ONTUCAHUS
IIPOLIECCOB BOCCTAHOBJICHWST M TIOTOKAa OTKAa30B IPU HCCIEI0BAHUU
HAJIe)KHOCTA  DJIEKTPOMEXAHWYECKMX W  MEXAHMYECKUX  YCTPOMCTB,
AJIEMEHTOB BBICOKOHAEKHOM BIJIEKTPOHHOU aIapaTrypsl.

"'amMma-pacripenesieHueM CIy4YaMHOM BEJIWYMHBI 1  Ha3bIBACTCA
pacIpe/ielieHue, 3aJaBaeMoe IIJI0OTHOCTRIO BeposiTHOCTH e kK > 1 u B > 0
— MapaMeTpbl pacIpeAcICHUS;

t
__1 k-1.73
f,(t) = raopk le B, (t=0) (1.21)

rae k = 1 u ff > 0 — mapameTphl pacrpeacacHUs;
I'(x) - ramma-pyHKIMS, onpeaensieMas o popmyie

rk) = f”x<le*dx (1.22)

Ha pucynke 1.7 mnpenacraBieHbl KpUBBIE IIJIOTHOCTH TramMMa-
pacmpenesieHus Il pa3IMUYHbBIX  3HAYCHWM  mapaMmeTpa  (HOpMBbI
pacnpeneneHus k.

1,00
f(t)

0,75

0,50

0,25 =
%**2\ £s

0 2 -4 6 8

Pucynok 1.7 — Kpusble ramma-pacrnpenenenus
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2 OCHOBBI MOCTAHOBKM M MPOBEAEHUA IKCIIEPUMEHTAJbHBIX
nccJae10BaHui

2.1 TloHsiTHE PKCIIEPUMEHTA U XaPAKTEPUCTUKA 00BEKTa UCCIETOBAHUIN

Heorpemnemonn  COCTaBHOM  4acThlO  MOpOLECCAa  HAYYHBIX
UCCIICIOBAHUMN  SIBIIIETCS  AKCIEPUMEHT, MPOBOJAMMBIA C TOMOUIBIO
Pa3sHOO0Opa3HbIX IPUOOPOB U YCTAHOBOK.

HayuyHo-TexHUYeCKHEe IKCIEPUMEHTHI JOBOJILHO Pa3HOOOpA3HBI IO
cBoel (U3MYECKONW MpUPOJE, MO XapakTepy U OO0BEMY MPOBOIUMBIX
UCCIIEIOBAHU, 110 UCIIOIBb3yEMOMY DKCIIEPUMEHTAIbHOMY 000PY/I0BaHUIO.
OHM OXBaTBHIBAIOT IIMPOKUN KJIacc 3a7ady OT CPABHUTEIBbHO MPOCTHIX O
CJI0KHBIX, POBOJIMMBIX Ha YHUKAJIbHBIX YCTAHOBKAX.

[Ton skcnepuMeHTOM OyJeM MOHUMATh COBOKYIHOCTBH OIEpaIlui,
COBEpIIAeMbIX HaJl OOBEKTOM C IIEJIbI0 MOJy4YeHUS UHPOPMALUU O €ro
CBOMCTBAX.

DKCIEpUMEHT TperoiaracT MPOBEACHUE TEX WM HHBIX OIBITOB.
OmneIT - BOCHPOU3BEICHHE HCCIEIYEeMOrO SIBJICHUS B OMNPEACICHHBIX
YCJIOBUSIX MPOBEICHUSI IKCHEPUMEHTA MPU BO3MOXKHOW PETUCTPALMU €ro
pEe3yJIbTaTOB.

DKCIEpUMEHTHI JIeNIATCS HAa KAuY€CTBEHHBIE W KOJIMYECTBEHHBIE.
KauecTBeHHBIN 3KCHEPUMEHT yCTaHABIMBAET caM (DaKT CyIIECTBOBAHMS
KaKOro-IM0O0 SIBJICHUS, HO TPU ITOM HE JAeT HUKAKUX KOJUYECTBEHHBIX
XapaKkTepUCTUK O00BekTa wucciaegoBanus. KaueCTBEHHBIM ASKCIEPUMEHT
OOBIYHO TIPEJyCMaTPUBAET CJOBECHOE OIKMCAaHWE €ro pe3yJbTaToB.
KonuyecTBeHHBI  SKCIIEPUMEHT  HE  TOJIbKO  (ukcupyer  (akT
CYIIECTBOBaHUS TOTO WJIM WHOTO SIBJIEHHUS, HO M TO3BOJISIET YCTAHOBUTH
COOTHOIIICHUSI MEXIY KOJUYECTBEHHBIMU XapPaKTEPUCTUKAMU SIBICHUS U
KOJIMYECTBEHHBIMH XapaKTEPUCTUKAMU BHEIIHETO BO3JICHCTBHS Ha OOBEKT
UCCIICIOBAHUSL.

N3BeCTHO, YTO JJIEKTPOIHEPreTUUECKUE YCTAHOBKU OTHOCSTCS K
KaTeTOpUM CJIOKHBIX cuUcTeM. JIJIsi OIeHKH SBJICHUN, MPOUCXOJAIINX B
TaKuX OOBEKTaxX UCCIEI0OBAHUS, YIOOHO MOJb30BATHCS KUOEPHETUUECKUM
MOAXOJIOM «YEPHBIN SIIUK.

OObBeKT, paccMaTpuBaeMblii B BHJAE  «YEPHOTO  AIIUKA,
XapaKkTepU3yeTCsl COBOKYITHOCThIO BXOJHBIX U BBIXOJHBIX MApaMETPOB, a
BHYTPEHHEE COCTOSIHUE CUCTEMBI SIBJISIETCSI HEU3BECTHBIM U O HEM CYST 1O
BBIXOJIHBIM MTapaMeTpaM.
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B cooTBeTcTBUM C MOpeAJiara€MbIM METOAMYECKUM MOJXOJI0M
CJIOKHBIM OOBEKT MOXKET OBITh MPECTABIICH B BUJE CTPYKTYPHOU CXEMBI
(pucyHok 2.1)

K

1,

Pucynok 2.1 — CtpyKkTypHas cxema CJI0KHOTO 00BbeKTa

Bcio COBOKYNMHOCTh MapamMeTpoB, OMNPEICTSIONIUX COCTOSHHUE
00BEKTa, B
ATOM CIIy4ae MOHO pa3OUTh Ha CIEAYIOIIUE IPYIIIIbI.

1. Bxoonvie nepemennvie X = (X1, X3, ..., Xy ). B 3Ty rpyniy BXOJsT
yIpaBisgeMble TapaMeTpbl OOBEKTa, TaKUE€ KaK YCTaBKU PETyJSITOPOB,
KOJIMYECTBO MCIMOJIb3yEMOI0 TOIIJIMBA HAa TEIJIOBBIX 3JICKTPOCTAHIIUAX U JP.
3Ha4YeHUsI BXOJHBIX IEPEMEHHBIX MOXKET ObITh OTPAHUYEHO OMPEEICHHBIM
JMAra30HoM, 3aJlaBa€MbIM  TEXHOJIOTUYECKMMH perjlaMEeHTaMu WU
TEXHUYECKUMH OTPAHUYCHUAMH X; min < Xi < Ximax,» 1= 1, 2, ., m.

2. Boixoonwvie napamempor Y = (y1, y2, ..., Yn) COAEPKAT CBEACHUS O
KOJIMYECTBEHHBIX W  KAYECTBEHHBIX  XapPaKTEPUCTUKAX  BBIXOJHOIO
npoaykTa. B kadecTBe BBIXOJHBIX BEJIMYHMH MOXKET OBITH BBIOpaH
00OOIIEHHBI TEXHUKODKOHOMHUYECKUI IIOKa3aTelb WIA OJUH U3
noKa3arejieid, XapakTEepU3YIOUIMX  pAacCMAaTPUBAEMbIM  Mpolecc U
NpUHUMAaEMBbIN 3a TJaBHBIM. B kKaduecTBe Takoro rmokasatessi MOXeT ObITh
MPUHATA, HAPUMEP, BETUYMHA OTKJIOHESHUS HANIPSIKSHUS B DJICKTPUIECKOM
CeTH, OJIMH U3 TOoKa3aTeliel HaJeKHOCTH 3JIEKTPOTEXHUYECKOTrO
yCTpOMCTBa U T. 1. B 3TOM cilyuae BBIXOAHAs XapaKTEPHUCTUKA SIBISCTCS
CKaJIAPHOW BEIIMYUHOM.

3. Konmponupyemvie, no Heynpasisemvle napamempvl 1 =
(Z1,Z9...,Zy). DTy TpyHIy COCTAaBISIOT TE€ TNapaMeTpbl OOBEKTA,
[[EJICHANPABJICHHOEC HW3MEHEHUE KOTOPhIX HEBO3MOXKHO, HaIlpUMED,
KA4€CTBO JIEKTPUUECKON SHEPTUU B JIIEKTPUUECKON CETU ITPU IPOBEJCHUU
UCIIBITAHUI HA CPOK CIYKObI MAPTUU IJIEKTPOIBUTATENCH.

4. Hexomponupyemoie napamempor K = (kq, Ko, ..., Ky,,). B oty rpynmy
BXOJST BO3MYLIAIONIME BO3JACHCTBUS, BPEMEHHbIC XapaKTEPUCTUKU
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KOTOPBIX, TOYKH MPUIOKEHHS W HWHTCHCHUBHOCTb JCWUCTBHUS HOCST
CIlydalHbIM XapakTep H HE NOAJarTCsa onpenencHuro. K Takum
BO3MYILEHUS MOXHO OTHECTH, HAIIPUMEDP, UMITYJIbCHBIE TTEPEHAIIPSKEHHUS,
BO3HUKAIOIIUE B AJIECKTPUUYECKOM CETH M BO3JICHCTBYIOIIME HA MAPTHUIO
AJIEKTPOABUTATENEH, TOCTABJICHHBIX HAa  PECYPCHBIE  HCIBITAHMUS,
KJIIMMAaTU4YECKUE BO3MYIIEHUS U OP.

3ajava dKCIIEpUMEHTa HanboJIee YacTO OMUCKHIBAECTCS (DYHKIIUEH
Y = ¢(X, Z). IIpu 5TOM BappUpPOBAHUIO B HEKOTOPBIX MpEIEIaX MOTLYT
NOABEPraThCs JIUIIb yIpaBsieMble TapaMeTphl (BXOAHBIC IEPEMEHHBIE).

N3yueHne oOBEKTOB MCCIETOBAHUS BO BCEH MOJHOTE M CIOKHOCTH
MOXET  OBITh  OTPAaHUYECHO  HUMEIOUIUMHCS  HCCIIENO0BATEIbCKUMHU
BO3MOKHOCTSIMM  (OTPAaHUYEHHOCTh TEXHUYECKHUX CPEJICTB  BEACHUS
AKCIIEPUMEHTA, HECOBEPIICHCTBO METOJAMYECKOr0 MOoAXOoJa WU T. ).
[TosToMy, Kak MOpaBWIIO, PACCMATPUBAIOTCS XapaKTEPUCTUKU OOBEKTA,
HauOoJsiee CYIIECTBEHHBIE JJISI KaXXJI0ro KOHKpeTHOro ciydas. [Ipu stom
CBSI3U MEK]1y BEIOPAHHBIMY BEIMYMHAMU CTPEMSTCS OJIYUYUTh B BO3MOKHO
0oJee MPOCTOM BHJIE C YIETOM HEOOXOAMMOM TOUHOCTH.

2.2 CHGI_II/I(l)I/IKa IMPOBCACHUS SKCIICPUMCHTAJIbHBIX HCCH@I{OB&HHﬁ

OKCINEPUMEHTHl  Pa3lIMYalOTCI MO0 WX (U3UYECKOU TMpHUPOJE,
UCIIOJB3YEMbIM TEXHUYECKUM CPEICTBaM, 00bEMY 3ajlay UCCIICIOBAHUSI.
[Ipr 5TOM MOKHO BBIJICJIUTH PSIi XapaKTEPHBIX OCOOCHHOCTEH, KOTOPHIC
CJIEIYET YUYUTHIBATh [IPU OPTaHU3ALUU U TPOBEACHUN DKCIIEPUMEHTAIIbHBIX
HWCCIIeIOBAaHUMN.

1. Ilpexxne Bcero HEOOXOAUMO YSACHUTH CJIOXKHOCTh OOBEKTa
UCCIIEAOBAHUSA, ONIPEAECIIAEMYIO YACIOM PA3JIUYHBIX COCTOSIHUM, B KOTOPBIX
OH MOXeT HaxoauTbcs. [Ipu 3TOM moa cOCTOSSHHMEM OOBEKTa CIeAyeT
IIOHUMATh BCE MHOKECTBO 3HAYECHUN €r0 XapaKTEPUCTUK U COOTHOLICHUMN
MEXKY HUMHU, KOTOPOE UMEET MECTO B JJAHHBIK MOMEHT BpeMeHU. [lonsaTue
«TIPOCTOTHI U CJIOKHOCTH» HEOOXOJIMMO paccMaTpUBaTh UMEHHO B TaKOM
KOHTEKCTE.

2. Bropoii BaxXHOW XapaKTEPUCTUKONW OOBEKTA HCCIICAOBAHUS
ABJISIETCA €r0 YNPaBIIEMOCTb. Y IPABISIEMOCTh WM HEYNPAaBISIEMOCTH
00BbEKTa OINpENENIeTCs BO3MOXKHOCTBIO €ro IMepeBoja B Jir00oe U3
PA3JIMYHBIX COCTOSIHUM, B KOTOPBIX OH MOXKET HAXOAUTHCA B TEYCHUE
TpeOyemoro mnpomexyTka BpemeHu. IlepeBom oOBeKTa U3 OJHOTO
COCTOSIHUSL B JPYyroe IPOUCXOAUT TIOJ BJIMUSAHUEM YIIPABISIOLINX
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BO3JICHCTBUH, YJIy4YIIAIOMIMX €ro (PYyHKIIMOHATBLHOE COCTOSHUE C TOYKHU
3peHUsI BBIOpAHHBIX KpuUTepueB. TakuM o00pa3oM, HYXKHO pa3jinyath
yopaBisieMble ¥ HEYINpaBlIIeMble AKCHEPUMEHTh. (OCOOEHHOCTHIO
yIPaBIIEMOTO JKCIIEPUMEHTA SBJSIETCS BO3MOXXHOCThH ILJIAHUPOBAHUS
IPOIECCa UCCIIEIOBAHUN.

3. OgHOMt M3 BaXHEHIIMX OCOOCHHOCTEM HSKCIEPUMEHTATbHBIX
UCCIICJIOBAHUN  SIBJIIETCS ~ HEMOCPEJICTBEHHOE  ydacTHE  4eJIOBEKa-
UCCIIEIOBATEISI IPU €ro mpoBefeHuu. [Ipu 3Tom ciaeayeT MOMHUTH, YTO
LHEJIb OKCIEPUMEHTAIBHBIX HCCIEAOBAHMN JAUKTYETCS HMHTEPECAMHU
YeJI0BeKa, MPOBOISIIETO UCCIEIOBAHMUS.

4. Cnenuduruuecko 0COOCHHOCTBhIO OOJBIIMHCTBA SKCICPUMEHTOB
a000i  Pa3HOBUJHOCTH  SIBJISIETCS  HAJIIMYKME  HEOINPENIEIICHHOCTH,
00YCJIOBJICHHOW YpOBHEM amnpuOpHOW HHOpMAIMU 00 uCCIeIyeMOM
oobekTe. I[Ipu 3ToM B mpUHIKMIIE MOXKET ObITh JBa KpaHHUX ciydas —
OTCYTCTBHE HEOOXOAMMOCTH B  TPOBEJACHUU OKCHEPUMEHTAIbHBIX
UCCIICIOBAHUN H3-3a HaJW4Us JOCTaTOYHOTO OO0BheMa UMEIOLIEHCS
uHpopMaIMd M TMOJHOE OTCYTCTBHE ampUOPHON (paHee HU3BECTHOM)
uH(opmanuu 006 00bekTe ucciaegoBanuii. [Ipu ncnonb30BaHUU alPUOPHBIX
CBEJICHUN HEOOXOIMMO YYHUTHIBATh CTENEHb WX JOCTOBEPHOCTH, OIpe-
JEISIEMYI0 HaJIC)KHOCTBIO U TOUHOCTHIO UMEIOIINXCS JaHHBIX.

2.3 Knaccudukaius 3JKCIEpUMEHTOB

HeoOxoauMocTh  Kiaccu(ukaum SKCIEPUMEHTOB 00YCIIOBIICHA
psanoM npuuuH. Ilpy Hamuuuum kiaccuUKalu MOKHO HCIOJIb30BaTh
TUTIOBBIE AJITOPUTMBI PETUCTPAIIUK U OOpaOOTKH JaHHBIX, JErde peiarh
BOIIPOC IUJIAHUPOBAHUS M YIPaBJICHHUS JKCIEPUMEHTAMH, MPaBUIBHO
chopmynupoBath TpeOOBaHUS K TEXHUUYECKUM CPEJICTBAM.

[Ipu cozgannu cxembl KiacCU(UKALMKT YKCTIEPUMEHTOB HEOO0X0IMMO
VUUTBHIBATH PSSl TMPU3HAKOB: 00JIaCTh (YHKIMOHUPOBAHUA OOBEKTA
UCCIICIOBAHUM, Ha3HAYEHUE OHKCIEPUMEHTOB, HMX OpPraHU3aIUio, 1EJb
UCCIICIOBAHUS, METOJl  HCCJICAOBAaHUs, THI  OKCIEPUMEHTAa, €ro
MaTeMaTU4yecKyto Mojenb. Cxemy kiaccuukanuu yaoOHO MOJETUTh Ha
OT/ICJIbHBIE YPOBHU. YPOBHEBas CXeMa KJIACCU(UKAIIMU SKCICPUMEHTOB
IIpEICTaBJICHA HA PUCYHKE 2.2.

[TepBbliil ypoBeHb peAIoNaraeT JejJeHne 00bEKTOB UCCIIEI0BAHUS 10
00y1acT MX QYHKIITMOHUPOBAHMS. 3HAHUE ITOM 00JIACTH MTO3BOJISIET YUECTh
crienndUKy ¥ YCIOBHS pabOThl OOBEKTOB HCCIICIOBaHUS, TPeOOBaHUS K
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anroputMaMm oOpaOOTKM JTaHHBIX, K TEXHUYECKUM CpeJcTBaM U T. 1. B
HallleM CJIy4yae BBIJICIMM TaKue OO0JIaCTH, KaK DJJIEKTPOIHEPreTHKa WU
PaIMOdIEKTPOHHKA, CEIBbCKOE X034iCTBO. KpoMe 3Toro ornpeneneHHbIMU
crieru(puyecKuMu 0COOEHHOCTIMHU 001aa0T XUMUSI, OMOJIOT U, MEIUITMHA
u ap. Ocoboe MecTo 3aHMMaeT (PU3MYECKUN IKCIEPUMEHT, KOTOPHIA B
MPUHITUIIC MOXKET BBITIOJIHITHCS B PA3JIMUHBIX 00JIACTX.

Cnenyronm YpPOBHEM KJIacCU(PHKaALIHU 00BEKTOB
AKCIIEPUMEHTAIBHBIX UCCIICIOBAHUM SIBIISICTCS JICJICHUE UX 110 HA3HAUYCHUIO:
JabopaTopHbie, CTEHAOBBIC, MPOMBITIIUICHHBIE. Takoe IeaeHrne NpUuMEeHUMO
HE TOJIbKO K JKCIIEPUMEHTAM B II€JIOM, HO M K OTJEJbHBIM JdTamam HX
MOCTAHOBKU U BBINOJHEHUS. KOMIUIEKCHBIE HCCIIEIOBAaHUS 3a4acTylo
IpeayCcMaTpUBaIOT MOCJIEI0BATEILHOE BBIIIOJIHEHUE BCEX TPEX ITAMOB.

JlaGopaTopHble HCCIEAOBAHUSI TPOBOAATCS C IIEIbIO TPOBEPKHU
Pa3IMYHBIX THUIIOTE3, HM3Y4YEHUs] OOIMUX 3aKOHOMEPHOCTEH pa3IuuHbIX
aBieHU W mporeccoB. OObBIYHO  abOpaTOpHBIC  HMCCIECIOBAHUS
BBITIOTHSIFOTCA B JIBE CTJIMM: HA MEPBOM JITaIle — MU3YUCHHUE KaueCTBEHHOM
CTOPOHBI SIBICHUM W MPOIIECCOB U HAa BTOPOM 3Tare — KOJIMYECTBECHHBIM
aHaJu3, NO3BOJIAIOLINNA POBEPUTH TEOPETUUECKUE BHIBOJIBI.
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CreHg0BbIE UCTIBITAHUS MIPEyCMATPUBAIOTCA B TEX CIydasix, KOrja
HEOOXOAUMO U3YYUTh KOHKPETHBIM TEXHOJOTHMYECKHUNA TMPOIEecC ¢
ONpeNIeICHHBIMUA (PU3HUUYECKUMU, XUMHUYECKUMHU U JAPYTUMU CBOMCTBAMH.
[Ipy >TOM MOTYT YTOYHATHCS MapaMeTpbl OOBEKTa, paccMaTPUBATHCS
BO3MO>KHBIE HEIOPAOOTKH, BRIPAOATHIBATHCA PEKOMEHIAIINU TI0 CEPUITHOMY
BBIITYCKY HU3IECIINN.

[TpoMBIIIIEHHBI SKCIIEPUMEHT OOBIYHO MPOBOJMUTCS MPU BBIMTYCKE
HOBBIX H3JCIHUM, a TakKe MPU MPOBEACHUU KOHTPOJIHHO-BHIOOPOUHBIX
UCIIBITAHUI U KOHTPOJIE KQUECTBA BBIITYCKAEMON MPOAYKIIHH.

Tpetuii ypoBeHb KJIacCU(pUKAIUM CBSi3aH C  OpraHu3aruen
AKCIEPUMEHTAIbHBIX UccIeqoBaHU. [Ipr 3TOM MOryT OBITh JIOKAJIbHBIE
AKCIIEPUMEHTHI, HE
CBSI3aHHBIC €JTMHON IPOTPAMMOI IPYT C APYTOM, a TAKXKE CII0KHBIE YHUBEP-
CaJIbHbIE AKCIEPUMEHTHI — COBOKYMHOCTh JIOKAJbHBIX 3KCIEPUMEHTOB,
CBSI3aHHBIX €IMHOM TmporpaMmon. B Tom cnywae, ecim mnporpamma
UCCIIEIOBAHUH TTPEyCMaTPUBAET UCIIOIb30BAHUE JIOKATBLHOTO U CIIOKHOTO
YHUBEPCAIBHOIO KCIIEPUMEHTA, TOBOPAT O CMEIIIAHHOM KCIIEPUMEHTE.

OnHO U3 IEHTPaJbHBIX MECT B KJIACCU(DUKAIIMU 3aHUMAET pa3inuue
AKCIIEPUMEHTOB T10 IEJISIM UX MIOCTAaHOBKU (U€TBEPTHIN ypoBeHb). [Ipu aTom
MOXET OBITh SKCTPEMAIIBHBIN SKCIIEPUMEHT, TOCTPOECHUE MATEMATUUYECKOM
MOJEIN,  ONPEICICHUE  HEU3BECTHBIX  IApaMETPOB,  YTOYHEHHE
MaTeMaTUYeCKON MOJIeId W ONpeJeieHUEe HEW3BECTHBIX IapaMeTpPOB.
3HaYUTENbHAS YacTh MCCIEAOBAHMI B Pa3IMYHBIX OTpACIAX HAYKU H
TEXHUKU CBOJUTCS K PEHICHUIO ONTHUMAaJbHbIX 3anay. [Ipu sTom 1enb
AKCIIEPUMEHTA 3aKJIF0YaeTCsl B TIOMCKE TaKWX 3HAYCHHMM TMapaMmerpa
mpoiecca, MPU KOTOPBIX OOECleurBaeTCsl ONTUMallbHAs BEJIUYMHA
HEKOTOPOT'O KPUTEPHSI.

Marematuueckass MOJIeIb MOXET OBITh COCTaBJIeHa Ha OCHOBE
U3y4eHUs (PU3NUECKOU MPUPO/IBI SIBJICHUS WK MPOIlecca, TM00 OHA MOXKET
ObITh  3aJlaHa  ampHOpHO (MPH  HAJWYUM  TEOPETUUYECKUX  WJIU
AKCIIEPUMEHTAIBHBIX  pPE3yJbTAaTOB, TOJYUYCHHBIX paHee). B  Takoit
CUTyallUM pe3yJIbTaT JKCIEPUMEHTA MO3BOJSET OLECHUTh aJeKBATHOCTH
MOJeIu pealibHOMY Tiporieccy. OmaHo# U3 MpoOaeM, BO3HUKAIOUIUX TPH
MOCTPOCHUU MAaTEeMaTUUYECKOW MOJEIN H3Yy4yaeMoro Ipolecca, SBISETCS
OTCYTCTBHUE JIOCTATOYHOr0 oObemMa uHPOpMaMU U HEOOXOJUMOCTD
MOCTAaHOBKH U MPOBEICHUS JOMOTHUTEIBHBIX JTIOKAJTbHBIX YKCIIEPUMEHTOB.

CrnenyromuM 3TanoM KilacCU(UKAIMKM  SABJISETCS yYeT crmocoda
OpOBEJICHUST JKcrepuMeHTa. B 3aBucumoctd oT cnocoba cOopa
HKCIEPUMEHTAIBHOTO MaTepuana, HeO0OXOJUMOro ISl HaXOXKIACHUS
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MaTeMaTUYECKOTO OMHUCAHUSI UCCIIEIyeMOro 00BbEKTa, MOXXHO TOBOPUTH O
MMaCCUBHOM U aKTUBHOM JKCIIEpUMEHTAX.

[TaccuBHBIN DKCIIEPUMEHT IPEAnoIaraet pErucTpanuo
KOHTPOJUPYEMBIX MEPEMEHHBIX B PEKUME HOpPMaIbHOM pabOThl 0OBEKTa
0e3 BHECEHHUSI KaKuUX-JIMOO MpeJHaMEpEeHHBbIX Bo3MylleHuil. Hampumep,
KOHTPOJIb IOKA3ATENEN KAUECTBA AJIEKTPOIHEPTUH B JIIEKTPUUECKOM CETH B
HOPMAJIbHOM PEKHME €€ PabOThI.

AKTHBHBIN SKCIIEPUMEHT OCHOBaH Ha MCMOJIb30BAHUU

HUCKYCCTBEHHBIX BO3MYIICHHH, BBOJUMBIX B OOBEKT 1O 3apaHee
3aIlJIAHUPOBAHHOM MpOrpaMme.
Hanpumep, mnpu OLEHKE JAUHAMHAYECKUX XapPaKTEPUCTUK CUCTEMBI
OecriepeOOMHOTO 2JIEKTPOCHAOXKEHHST BBIMONHsAETCS «HaOpoc» 100 %
Harpy3ku. OUYeBHUIHO, YTO BapbUPOBAHUIO B TMPOIECCE AKTUBHOIO
AKCIIEPUMEHTA IOJIBEPrarOTCs JIMIIL YIIpaBJIsIEMble MapaMeTpbl 0ObEKTa.
[Ipr 5TOM YUHUTBHIBAXOTCS TEXHOJIOTHUYECKUE OTPAHUYEHHNS TAHHOW CUCTEMBI.
AKTHUBHBIN DJKCIEPUMEHT IMO3BOJISIET OBICTPO IMOJIydaTh HEOOXOIUMBIE
3 eKThl, IeIeHaNpPaBICHHO MPOJIBUTasCh K 00JIACTH ONTHUMAJIbLHOIO
3HaYeHUs Kputepus SPGHEKTUBHOCTH, CTPOUTH MOJIENN aJICKBATHBIE
pe3yabTaraM S3KCIIEPUMEHTa. AKTUBHBIM 3KCIEPUMEHT C MPOTPAMMHBIM
yIPaBJICHUEM MPOBOJUTCS MO 3apaHEE COCTABICHHOMY IUIaHy. AKTUBHO-
MTACCUBHBIN SKCIIEPUMEHT XaPAKTEPUZYETCS TEM, UTO IIPU €TO MPOBEICHUH
4acTh JAHHBIX MPOCTO PETUCTPUPYETCA, a YacTh IOIYyYaETCS IIyTEM
AKTUBHOTO BO3JICHCTBHUS HA SKCIIEPUMEHTAJIbHYIO YCTAHOBKY.

[Tocnenuuii ypoBeHb KiacCU(PUKAIMU IKCHEPUMEHTOB YUYUTHIBACT
NPUPOJy HUCCIEAYEMBIX SIBJIEHHUM W B COOTBETCTBUM C  3TUM
MaTe€MaTUYECKUE MOJEIN PacCMATPUBAIOTCS KaK JECTCPMUHHUPOBAHHBIE,
CTOXaCTUYECKUE, KOMOMHUPOBAHHBIE.

MHorue u3 u3ydaeMbIX IPOIECCOB U SBICHUN MOTYT OBITh ONMMCAHBI
(YHKIIMOHAILHOW 3aBUCUMOCTBIO, B KOTOPOW apryMEHT HE MOJIBEpPraeTcs
CIIy4YalHBIM BO3MYIICHHUSM. Takue MOJENM OTHOCATCA K KIAcCy
JEeTepMUHUPOBAHHBIX. OHHU MOTYT OBITh BBIP@KECHBI IOCPEICTBOM
Pa3IMYHBIX  TMOJUHOMOB AU PEpeHUHANBHBIX WIM  UHTETPaJIbHbBIX
ypaBHEHUU. [Ipn pacCMOTpEeHNM JTETEPMUHUPOBAHHON MOJICIIM HUKOT 1A HE
BO3HUKAET HeompeaeeHHOCTH. Hampumep, Tpaduk IJIaHOBBIX padoT
AHEProCIY>KObl MPEANPUATHS HA TOJ, pa3pabOTaHHbIM B COOTBETCTBUU C
JNEUCTBYIOIIAMU HOpPMATUBaMH, MPEJICTABIISIET coboit
NETEPMUHUPOBAHHYIO MOJIEJIb MPU OTCYTCTBUM HApyLIEHUM B €ro
BBITIOJIHEHUH.

BMecTte ¢ Tem, uM3ydeHHE CIOXKHBIX MPOLECCOB U SIBICHUWA YaCTO
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CBSI3aHO C HEKOTOPOM HEONPEAECIEHHOCTBIO M3-3a HaJW4Us CIy4aHO
MEHSTFOITUXCS apamMeTpoB. Hanpuwmep, KypHAI nedeKToB
pacupenenuTeNIbHOM  JJIEKTPUYECKOM  CETH  COHEPKUT  IIEPEUYECHb
HEUCTIPABHOCTEH, MOSABISIONIMXCS CIy4YallHbIM 0O0pa3zoM. AHaJOTHUYHBIM
XapakTep HOCUT BPEMsI BBITIOJIHEHUSI PEMOHTHBIX paOOT B JIEKTPUUECKUX
CeTSAX, IMOCKOJbKY OHO 3aBHUCUT OT MHOTMX (DaKTOpOB: MecTa
BO3HUKHOBEHHUS JePEeKTa, THKECTU TMOBPEKIACHUS, HATUYUS PE3CPBHBIX
AJIEMEHTOB U T. A. Mojaenb, KOTOpas OHHMCBHIBAET IPOLECCHl C YYETOM
CIIy4alHBIX [IAPAMETPOB, ABJISAETCSA CTOXACTUUECKOU. Takas MOIENb MOKET
ObITh TPEJCTaBJIICHA B BUJIE€ MOJMHOMOB CO CIIYYallHO H3MEHSIOUIUMUCS
kod(pduimeHTamu, CTOXaCTHYECKUX UHTETPO-AudPepeHIHNATBHBIX
YPaBHEHHM, BEPOSITHOCTHBIX aBTOMAaTOB, AJITOPUTMOB CTOXACTHYECKOTO
MOJICITAPOBAHUS U JIP.

Psin  oOBEKTOB HCCIEAOBAaHUS CJIEAYyET paccCMaTpUBaTh B BHJC
KOMOWHHUPOBAHHOW MOJIEJIM, B KOTOPOM YacTh MapaMeTpOB SBISETCS
JTETEPMUHUPOBAHHOM, a YaCTh U3MEHSETCS CITy4allHbIM 00pa3oM.

2.4 Dranel TOCTAHOBKYU U MPOBECHUS SKCIIEPUMEHTAIIBHBIX
UCCIEeI0OBAaHUN

[IpoBeneHrne  SKCIEPUMEHTAIBHBIX  HCCIENOBaHUM  TpeOyer
BCECTOPOHHETO HM3Yy4YEHUS HX CTPYKTYpHOM oOpraHus3auuu, BbIOOpa
TEXHUYECKUX YCTPOMCTB U HMX 3JIEMEHTOB, oOecnieueHus 3¢(PeKTUBHOCTH
BBINIOJIHEHUST paboThl. [IpoBeaeHne sKCHepUMEHTAIBHBIX HCCIIETOBAHUIM
JOJKHO BBITOJIHATHCS. B HECKOJIBKO JTAIOB.

1. Paccmompenue npoobnemsi. Ilom mpobOnemoit OyaeM MOHUMATH
CJIO’KHYIO TEOPETHUUECKYIO WM MPAKTHUECKYIO 3a/1auy, CIIOCOObI peIIeHUs
KOTOPOM HEW3BECTHBl WJIM M3BECTHBI HE TMOJHOCTBIO. [Ipm 3TOM
IpeanojaraeTcs CyliecTBoBaHue AeduiTa 3HaHUW B 3TOM oOnactu. Ha
ATarne pacCMOTPEHUS TPOOIEMBI HEOOXOUMO:

* OCO3HAHHUE MOTPEOHOCTH B YCTPAHEHUU Ae(PUIIUTA 3HAHU;
* omnucaHue MpoOJEeMHON CUTyallud U POPMYITUPOBKA MPOOIJIEMBI B
Hay4YHBIX TEPMUHAX.

Hamnpumep, paboTta onepaTUBHO-BBIE3AHBIX OpUraj 1o YCTPaHEHHIO
ABApPUMHBIX CUTYAIMN B SJICKTPUYECKHUX CETAX HOCUT CIIYYaNMHbBIN XapaKTeD.
C 1enplo panMoHaNM3aMu pabOThl TaKUX MOJpa3/eICHUNA HEOOXOAUMO
OPOBEICHUE HWCCIEAOBAHUM C HCHOJIB30BAHUEM TEOPUH MACCOBOTO
00CITy>KMBaHUS U KOMITBIOTEPHOTO MOJICIUPOBAHMUSI.

2. VYemanosenenue —akmyanbHOCmu — HpPOBEOEHUs  UCCAE008AHUMU.
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AKTyanbHOCTb MPOOIEMBI OIIEHUBAETCS 1O CTENEHU U3YYEHHOCTHU JAHHOTO
HaIpaBJICHUs, Pa3pabOTAHHOCTU paccMaTpPUBAEMBbIX BOMPOCOB. OCOOEHHO
CIEAYET BBIACIUTh HEU3YUYECHHBIE M MaJl0 HW3YYEHHBIE BOIPOCHI,
MPOTUBOPEYHS B TOHUMAHUU SIBJICHUS B 1IEJIOM U €r0 OTACJIBHBIX CTOPOHAX,
OpPOTUBOPEYUS B HUMEIOIIUXCS OMIOUPUYECKUX JaHHbIX. Hampumep,
NPUMEHUTENIFHO K paccMaTpuBaeMoOM mpobieme paboThl OMEpaTUBHO-
BBIC3JHBIX OpuUrajy MUMEIOTCA PEe3YyJbTaThl OTIACIbHBIX TEOPETUUECKUX
UCCIIEJIOBAHUN  YaCTHOTO  XapakTepa, HO B  II€JJOM  YPOBECHb
pa3pabOTaHHOCTH BOIPOCa U CTENEHb TEOPETHUECKON OTpabOTKH Ma-
Tepuajga MPUMEHHUTEIBHO K KOHKPETHOM 00JIaCTH HE TMO3BOJISIOT
ONTUMU3UPOBATH COCTAB M PAIIMOHATIU3UPOBATH PA0OTy MEepcoHaIa TaKUX
IIOAPA3ACIICHUM.

3. @opmynuposka yeneti dKCnepumMeHmanbhblx uccieoosaruu. 1lon
IEIbI0 HCCIEAOBAHMM OyJeM TMOHUMaTh JOCTHXKEHHE KaKoro-Inubo
KOHKPETHOT0 pe3ysbTaTa. Hampumep, MoydeHHE 3KCHEPUMEHTAIbHBIX
KPUBBIX, XapaKTEPU3YIOIIUX MPOBa HANPSHKEHUS HA BBIXOJIE PA3TUYHBIX
ABTOHOMHBIX HCTOYHMKOB MNHUTaHus mpu «Habpoce» 100 % nHarpyskwu.
OnHo3HayHasg U HEMPOTUBOpEUMBas (HOPMYJIUPOBKA LEIU HCCIECIOBAHUS
SABJISIETCSI HEOOXOUMBIM YCJIIOBHEM €0 YCIEIIHOTo npoBeaeHust. [Ipu aTtom
CIEAYeT CTPEMUTHCS K KOJUUYECTBEHHOMY OIMCAHUIO 1€ B TEPMUHAX U
MNOHATHUSX KOHKPETHOM 00JIacTH HcciefoBaHusl. B ciydyae MmOCTaHOBKH
AKCTPEMAJILHOTO JKCIEPUMEHTa CJEAYEeT YCTAaHOBUTH KOJMYECTBECHHBIM
napaMeTp onTuMM3aluu. Tak, mpu onpeaeIeHUA ONTUMAIIBHOTO MapIIpyTa
CI€AOBAaHMUS PEMOHTHOM OpuUragbl MO OOCITYKMBAHUIO SJIECKTPUUYECKUX
ceTeii B KauyeCTBE KPUTEpPUS ONTUMAIbHOCTH MOXKET OBITh MNPUHSTA
MPOTSIKEHHOCTh MapiipyTa B kujgomerpax. HeoOXoauMo OTMETHUTBH, YTO
sTany (QOpPMYJIHMPOBKH IIE€IM SKCIEPUMEHTAa OOBIYHO MPEIIIECTBYET
IpeABapUTEIIbHOE M3YyUYeHHE OOBEKTa HCCICAOBAHUS, TO3BOJISIOIICE
OIICHUTH 11€J1€CO00PA3HOCTh MPOBEACHUS IKCIIEPUMEHTA.

4. H3yuenue xapaxmepucmuk o00vekma u @GOpMyIUposKa 3a0ay
ucciedosanus. Ha »>ToM dTame HE0OXOAUMO TMPOAHATU3UPOBATH
UMEIOIYIOCS allpUOpHYI0 MH(popMaIuio 00 00beKTe U CHOPMYJIUPOBATH
3aJlaul UCClieIoBaHusA. B mepBylo ouepellb paccMaTpuUBalOTCS HamOoJiee
BOXHBIC XapaKTEPUCTUKU. Psg mapamMeTpoB MOXKeET OBITh OTCEsH.
OrpaHuueHusi CTPEMSITCS  BBECTHU, MCXOJSl U3 TEXHUYECKUX U
AKOHOMHUYECKUX CO0OpakeHnid. OJHAKO MPU 3TOM HE CJEAYET 3a0bIBATH O
TpeOyeMOl  CTENMEeHH JIOCTOBEPHOCTH  TOJYyYaeMbIX  PE3YyJbTaTOB.
HexoTtopele cBeeHUs 00 M3y4aeMOM O00BEKTE MOTYT ObITh 3aUMCTBOBAHBI
U3 TMPEAbIAYIIUX UCCIEAOBAHUM, HAKOIIJIEHHOTO OMBITA SKCILTyaTallluu U T.
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. Bo MHOrom Bompoc BbIOOpa HCCIENyEMbIX MapaMeTPOB 3aBUCUT OT
ombITa W HMHTYMIIMU HccienoBarend. OmnpeneneHue 1enel MnpoBeaeHUs
AKCIEPUMEHTAIBHBIX HCCIEIOBAaHUN, HW3YYCHHE MEXaHU3Ma SIBJICHHIA,
CTPYKTYpbl HH(POPMALIMOHHBIX TIOTOKOB, BBISBJICHUE CYIIECTBEHHBIX
XapaKTEPUCTUK U UX COOTHOIIEHUN MO3BOJSIOT CAENIATh OKOHYATEIbHBIMI
BBIBOJL O  LEJIECOOOpa3sHOCTH  IMOCTAHOBKM  3KCHEpPUMEHTa U
c(hopMyJIMpOBATh MPOrPAMMY €0 IPOBEACHUSI.

[IporpaMma SKCHEPUMEHTAJIBHBIX HCCIEJOBAHUNA MPEACTAaBISAET
co00Oll  cucTeMy  MEpONpUATHHA, MPEeayCMaTpUBAIOIIUX  MOPSAIOK,
MOCJIEI0BATENILHOCTD, CPOKU U CPEACTBA UX BbINOJHEHUS. [Ipu pa3spaboTke
IpOrpaMMbl SKCIEPUMEHTAIbHONU pabOThl HCCIAEAOBATENO0 HEOOXOAUMO
OTBETUTH Ha CIEAYIOUIUE BOIPOCHL:

* YTO OYJAET ABIATHCS MPEIMETOM SKCIIEPUMEHTAIBHBIX UCCIEA0BAHUM,

N0 KakuM 3HAYUMbIM HapameTpaMm (CBOMCTBaM, XapaKTEPUCTHUKAM,
IpU3HaKaM) MOXHO OyjaeTr cyautb 00 3(P(EeKTUBHOCTU BBIMOIHIEMOM
paboThI?

* B YEM 3aKJIIOYAETCS DKCIEPUMEHT, KAKUE UMEHHO XapaKTEPUCTHUKHU

OyIyT NpoOBEpPATHCS?
* Kakhe€ METOJbl TNOJYYEeHHS W 00pabdoTku uHPopmanuu OyAyT
MPUMEHATHCA?

* KakKoBa JIOTUYECKas cXema IKCIepuMeHTa?

* Kak OyayT opOpMIISITBCS M OLIEHUBATHCS PE3YJIbTaThl IKCIIEpUMEHTA?
CocTaBHOM 4acThIO MOATOTOBKH MPOrPAMMBI 3KCIIEPUMEHTA
SABJISICTCS

pa3pabOTKa KOHKPETHBIX METOAUK U METOJOB uccieaoBanus. Pazpaborka
METOJUKHU MPOBEJCHUS UCCIIEIOBAHNS OJIMH U3 Hau0oJiee OTBETCTBEHHBIX
ATAnoOB, TaK Kak JOMYyCTHMa MHOTOBAapUAHTHOCTh NyTeH M METOHOB
IPOBEACHUS UCCIEAOBAaHUMN, @ BBIOOP ONTUMAJIBLHOTO BAPUAHTA IMOJTHOCTHIO
3aBUCUT OT HCHOJIHUTENd paboTel. Kak mnpaBuio, 4Yem BbIIE €0
KBaM(UKaIusi, TeMm Oojee cOBpeMeHHble U S(PGPEKTUBHBIE METObI
UCCJIEI0BaHUsI OH MOXXET IPUMEHUTb.

B paboTax 3KCHEpUMEHTAIBLHOTO XapakTepa METOJHMKA ONpPEHeIsieT
BUJl, XapakTep MU KOJUYECTBO SKCIEPUMEHTOB, YPOBEHb TOYHOCTH
U3MEPEHUI U, CAMOE IIIaBHOE, CITIOCOOBI X MPOBEICHUS.

HeoOxoauMplii KOMIOHEHT NIpOrpaMMbl — CPOKHA MPOBEICHUS
sKcriepuMeHTa. be3 ykazaHusi CpOKOB HEBO3MOXKHO YCTAHOBUTDH, B KaKOM
CTaAUU HAaXOJMUTCS SKcHepuMeHT. Jlydine onpeaensTh CPOKU MO3TAITHOIO
IIPOBEICHUS UCCIIEIOBAHUM. Hauunas SKCIIEPUMEHT, HEeJb3S
rapaHTUPOBaTh aOCOMIOTHBIM YCIEX BCEro 3aJyMaHHOTO W IO3TOMY B
nporpaMMy CIeAyeT 3aJl0KUTh PE3€pB BPEMEHH Ha CIydall HEyJauu WIH
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OTPHUIIATCILHBIX  PE3YJbTATOB, UYTOOBI KOMIICHCHUPOBATh  M3JICPIKKH
AKCIIEPUMEHTA.

5. llocmpoenue npedsapumenbHoOU MamemMamui4eckou Mooenu
akcnepumenma. llojlydeHue BBIBOAA O I1€JIECOOOPA3ZHOCTH MPOBEICHUS
AKCIIEPUMEHTAIBHBIX MCCICAOBAHUM TMO3BOJISIET MEPEUTH K COCTABICHUIO
MaTeMaTH4eckoil mopaenum oObekTa. B mocienmyromeM Mojenb MOXKET
YTOUYHSATBHCS MO MEPE BBIMOJTHECHUS dKCIIepUMeHTa. Ha mpakTuke cTpemsrcs
K TIOJTYYECHUIO aHATUTUYECKOM 3aBUCUMOCTH JIJIs1 OMTMCAHUS SKCIIEPUMEHTA,
OJTHAKO OTO HE BCerga BO3MOXKHO U TPUXOIUTCS TpHOEraTh K
arnmapaTypHOMY WJIH CTATUCTUYECKOMY MOJICITUPOBAHUIO.

IIpn mpoBeneHUH SKCIEPUMEHTAIBHBIX MCCIECA0BAHUM Pa3IUYHbBIX
OPOIIECCOB U SIBJICHUM BO MHOTMX CiydyasX HAaOJIOJAeTCsl CIIy4YalHbIN
XapakTep U3MEHEHUsI BO BPEMEHU MapaMEeTPOB, XapaKTEPU3YIOIMIHNX 00BEKT
uccienopanuii. Hampumep, BeaWuMHA TPO30BBIX IEPEHANPSIKCHUM B
AIIEKTPUYECKON CETH MOJKET OBITh OINMHCAaHa TOJBKO C YUYETOM CIIy4aiHOTO
XapakTepa UX MOSBICHUS. YKa3zaHHAs OCOOCHHOCTh DKCIEPUMEHTAIbHBIX
UCCIICJIOBAHUMN CBsA3aHA C TE€M, YTO HCCIENyeMbl€ OOBEKThI MOTYT OBIThH
MOJBEPKEHBI BO3JICCTBUIO OOJIBIIOIO YHCIA CIy4alHbIX (DAKTOPOB,
BO3HHUKAIOIIUX KaKk B caMOM OOBEKTEe, TaK M BCIEJICTBHE €ro
B3aMMO/JICUCTBUSI ¢ BHEIIHEHN cpeaoil. Kpome aToro, B psjie ciaydaeB GakTop
CIIy4alHOCTH BBOJMTCSA B PACCMOTPEHHUE IPH JOBOJBHO OOJBIIOM YHCIIE
NEePEMEHHBIX, BIUSIONIUX HaA TMOBEACHHE OO0BEKTa, WU TPU HX
UCKJIFOUUTEIBHON CIO0XKHOCTH JJIs aHaiu3a. B CBsI3W C 3TUM BO3HHUKAET
HEOOXOJIMMOCTh  OINHMCAaHWsl  TOBEJICHUS  OOBEKTa C  IOMOIIBIO
CTOXAaCTUYECKUX MOJIEJIEH.

6. OmHecenue obvekma K 3ImanroHHomy Kiaccy. llomydeHHbIE
pe3ynbTaThl 10 M3YUYCHHIO OO0BEKTa, HaJW4YHhe €ero MnpeaBapuTeIbHOMN
MaTeMaTHYeCKON MOJEIU TIO3BOJISIIOT OTHECTH H3y4aeMbld OOBEKT K
OJHOMY M3 JTaJOHHBIX KjaccoB. Hampumep, AMHAMHYECKHN pPEXKAM
CHUHXPOHHOTO Te€Hepatopa TMpH PE3KOM M3MEHEHHM HArpy3Kd C
OTIPEACICHHBIMU JOMYIICHUSAMH MOXET OBITh OMHCAaH B BHUJIE PEATHHOTO

muddepeHIpPYOIEro 3BeHa
TV + V = kTf, 2.1)

rae I'— NOCTOsIHHAsA BPEMEHU;

J — oTKIJIOHEeHHME HaNpsDKeHUs;, k — KodhPuIuenT; f —
BO3MYIIAOIIEE BO3ICUCTBUE.

[IpumMeHeHrne yKa3aHHOTO MOAXOJAa TMO3BOJIIET B PSAE CIydacB
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OTKa3aTbCsl OT MPOBEJCHUS JOTOJHUTEIBHBIX SKCIIEPUMEHTOB.

7. Ananuz u cunmes skcnepumeHmanvbHou ycmanoexku. Ha nanHom
JTare  OMPEAENsAETCS  BapUaHT  AKCIEPUMEHTAIBHOM  YCTaHOBKH,
MO3BOJISIIOIIMN peanu30BaTh 3aJaHHYIO0 IIporpamMmy uccieaoBanui. [Ipu
ATOM  aHAIW3 MOpeayCcMaTpuUBaeT pa3OMEHUE  AKCIEPUMEHTAIBHOU
YCTaHOBKH Ha OTJIEJIbHBIE 3JIEMEHTHI U MOCIEAYIOIIYIO OLIEHKY KaX0T0 U3
HUX, a CHUHTE3 HalpaBlieH Ha (OPMHUPOBAHHWE CHUCTEMBI B IIEJIOM U3
OT/ACNbHBIX TOoAcucTeM. Ha »drTame cuHTe3a BbHIOUPAIOT BapUAHT
HKCIIEPUMEHTAIBHON yCTAaHOBKHM, OOECIICUMBAIOIINNM HAWIYUIIUE I10-
Ka3arenu €€ GyHKIIMOHUPOBAHUS.

8. Bwioop MexHU4yecKux cpeocms IKCNEePUMEHMATIbHBIX
uccneoo8anul. Bo3MOXHOCTB MOJTHOIIEHHOT'O MPOBEJICHUS
AKCIIEPUMEHTATBHBIX MCCIEAOBAHUI BO MHOT'OM 3aBUCUT OT HAJIUYUS WU
OTCYTCTBUSI HEO00XO0AMMOTO o0opyaoBaHuUsl, MPUCIIOCOOICHU,
KOMIUIEKTYIOIUX HW3IEJINA, U3MEPUTEIbHBIX YCTPOUCTB U T. n. B psne
CJIy4aeB HEBO3MOXKHOCTh IMOCTAHOBKHU W MPOBEACHUS IKCIEPUMEHTATIBHBIX
UCCIIEIOBAaHUN OOYCIIOBJIEHO OTCYTCTBHEM COOTBETCTBYIOIIEH JKCIIe-
puMeHTanbHOM 0a3bl. Cpenu TpeOOBaHUM, NPEABIBIIEMbIX K TEXHUYECKUM
CpeACTBaM, B IMEPBYIO oOYepeb HEOOXOAUMO OTMETHTh CIIOCOOHOCTH
o0ecneyuTh TMOJIy4YeHUE JKCIECPUMEHTAIBHBIX IMapaMeTPOB Ha BBIXOJIE
YCTAaHOBKH M BO3MOKHOCTb OO0€CIEUYeHUsI HEOOXOJIUMBIX PEXKHUMOB HUX
AKCIUTYaTalluHu.

9. Ilpogedenue aKkcnepumenma, aHaIU3 pe3yabMaAmos, OYeHKd
aghpekmusrnocmu ucciredosanuti. B pezyiprare mpoBeIeHUS SKCIIEPUMEHTA
yAaeTcsa  TMOJy4uTh  OOBEKTUBHYIO,  OCHOBAaHHYIO  Ha  OIBITE
KOJMYECTBEHHYI0 W KayeCTBEHHYH HWHQOpMAIUI0 O TMapaMmeTpax,
XapakTepU3yIOIINX HCCIEAYEMbIM TMpolecc WM sBjIeHUE. B  xoxe
AKCIIEPUMEHTA MOTYT TPOBEPATHCS PE3YJbTAThl, MOJyYCHHBIE Ha DdTare
TEOPETUUYECKOTO HCCIICIOBAHUS WJIM TOSIBIISITECS HOBBIE PE3YyJIbTATHI,
IPOBEPATHCS AJEKBATHOCTh pPa3paOOTaHHOW MaTEeMaTHYECKOW MOJeH,
YTOYHSTHCS MapaMeTphl, MOJydeHHbIe pacueToM. [Ipu 3ToMm cremyer mom-
HUTb, YTO SKCIEPUMEHT SIBJISIETCS €AUHCTBEHHBIM CIIOCOOOM MPOBEPKU
Teopuu. [ TOBBIIEHUS] JOCTOBEPHOCTH KAXKIBIM OMBIT MOXET OBbIThH
MOBTOPEH HECKOJIBKO pa3.

[TonydyeHHbIE B XOJI€ SKCIEPUMEHTA JAHHBIC 3aHOCSTCS B TAOJIMIIBI
WM CTPOSITCS TpaduKu, a 3aTeM JaHHble 00pabaThiBatoTca. Heobxonumo
YUYUTBIBaTh, YTO TEXHHUKA IPOBEJCHHUSA OIBITOB pa3iudyHa B KaXKIOM
KOHKPETHOM clly4ae, a 00paboTKa MOJYyYEHHBIX JKCIEPUMEHTAIbHBIX
JAHHBIX MPEJICTABISAECT COOON OTENIBHYIO U JOBOJIBHO CIIOXKHYIO HAYYHYIO
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3amaqy. OCOOCHHO ATO XapaKTEPHO IMPHU HCCIEIOBAHUU CTOXACTUYECKUX
IPOIIECCOB.

[Ipu oOlleHKE TOJYYEHHBIX PE3yJIbTATOB YTOYHSIOTCS MPUYUHHO-
CJICICTBEHHBIE CBSI3M HCCIIEAYyEMBIX IapaMEeTPOB IMPOIEcca WIH SBIICHHS,
OKOHYATEJIHbHO YCTAHABJIMBAECTCS CTEMEHb aJeKBAaTHOCTH pa3paboTaHHOM
MOJIEJIA, OMHCHIBAIOIIECH MPOIECC WM ABJICHHUE, JETACTCA 3aKIIOUYCHUE O
11e51€c000pa3HOCTH MPAKTUIECKOTO IPUMEHCHHUSI TIOJTYYEHHBIX
pe3ynbTatoB. JJs OTCieKUBaHUS MpoIecca U pe3yIbTaTOB IKCIIEPUMEHTA
HY’)KHO  4YETKO  ONpPEACNIUTh MapaMeTpbl, IO KOTOPhIM  Oyjer
yCTaHABIUBAThCS I (HEKTUBHOCTHh pa3pabOTaHHONH METOJMKHU, CTPYKTYPHI,
TEXHOJIOTHH.

C 1menpl0 OIEHKM MPAKTUUYECKOM 3HAYMMOCTH  IMOJYYECHHBIX
pPE3yABTATOB  BAXHO  OMPEICTUTh  IOJOKHUTEIbHBIE HM3MCHCHHUS B
TEXHOJIOTMYECKOM IPOIIecce, OPraHu30BaHHOM 110 HOBOW TeXHOJIOTHH. [1pu
YCTAHOBJICHUH TEOPETUUYECKOW 3HAYMMOCTH IKCIEPUMEHTA OMpEACIsIeTCS
HOBHW3HA UJICH, KOTOPHIE MOTYT JOMOJHUTh UMEIOLTHUECS TCOPHUH.

Ha 3akmtountenbHOM 3Tane GopMyJIUPYIOTCS TaKKe 0OIIHNe BHIBOJIHI,
B KOTOPBIX YKa3bIBaeTCS: MOATBEPAWSIACh WJIM OMPOBEPTHYTa THIOTE3a,
JOCTUTHYTA JIX 1IEJTh U KaK PEIICHBI 33/1a41 UCCIICIOBAHUS (IKCTIEPUMEHTA),
KaKue pe3ysbTaThl JOCTUTHYTHL. [Ipm HeoOXomuMocTd (OpMYIHPYIOTCS
NPAKTUYECKUE Pe3yJbTaThl, OICHUBAIOTCA TMEPCIEKTUBHI albHEHIICH
pa3paboOTKH MPOOIEMBI.
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3 O0padoTKa pe3yJbTAaTOB IKCIIEPUMEHTOB

3.1 IlorpemHoCTH U3MEPEHUI

OKCHEepUMEHTANIbHBIE  HCCIEAOBAHMS COOBITUM U MPOLECCOB
OCHOBaHbI Ha HAOIIOJICHUSIX, B X0/I€ KOTOPBIX PETUCTPUPYIOTCS pa3IUUHbIC
(haKTbl KCKYCCTBEHHOI'O U €CTECTBEHHOI'O MPOUCXOXKICHHUS.

N3yuenne pa3sHOOOpa3HBIX SBICHUM M TMPOILECCOB CBS3aHO C
U3MEPEHUEM PA3NTUYHBIX (PU3UUECKUX BEIUYUH. MI3MepeHneM Ha3bIBaeTCs
HAXOXXJCHUE 3HA4YeHUs (U3NUYECKONW BEJIWYHUHBI OMBITHBIM MYTEM C
OMOUIBIO CIIENMANBbHBIX cpeAcTB. [lociie mpoBeneHns n3MEPEHNN TOJKHA
ObITh BBINIOJIHEHA O0pabOTKa SKCHEPUMEHTAIBHBIX JaHHbIX. OCHOBHas
1eIb TAKOW 00padOTKHU 3aKJIIOYAETCS B MOJYYEHUU PE3yIbTaTa U3MEPEHUs
U OLICHKE €ro MOTPEIIHOCTH.

[To ciocoOy nosydeHus: pe3yJibTata U3MEPEHUs MOAPA3ALISAIOTCS Ha
IPSIMbIE U KOCBEHHBIE.

Ilpsivble uzmepenus — 3TO U3MEPEHUSA, NPU KOTOPBIX HCKOMOE
3HAYEHWE BEJIMYMHBI HAXOJUTCS HEMOCPEACTBEHHO W3 ONBITHBIX JAHHBIX.
OueHka npu 3TOM BeAETCA MO TMOKa3zaHusM npudbopoB. Hampumep,
ONPEACIICHUE BEJIMYMHBI TOKA B JJIEKTPUYECKOM LENU C MOMOIIBIO
aMIiepMeTpa, U3BMEPEHUE OCBEIIEHHOCTH Ha pab0YMX MECTaxX JIIOKCMETPOM
UT. 1.

IIpyr BBINIOJIHEHUN KOCBEHHBIX U3MeEpeHul W3MepseMas BeJI4uHa
onpenensercs (BBIYUCISAETCS) MO Pe3yabTaTaM MPSIMbIX U3MEPEHUN APYTUX
BEJINYMH, KOTOPBIE CBSI3aHBI C M3MEPSEMOW BEJIIMYMHON ONpPENECIECHHOU
3aBUCUMOCTBIO. Harmpuwmep, HAXO0XICHUE YIEJIbHOU
AIEKTPONPOBOIUMOCTH ITPOBOJHUKA IO ET0 COIPOTUBJIEHUIO, ONIPEICTICHUE
CEYEHHUs IPOBOJAHUKA IO €T0 TUAMETPY U JIP.

N3mepenue (U3N4YeCKOM BEIUYMHBI HE MOXKET OBITh BBIIIOJIHEHO
a0CcoJII0THO TOYHO. Jt000e n3mepeHue gaet NpUOIMKEHHbIA PE3yIbTaT, TO
€CTh COJEPKUT TMOTrPEIIHOCTh, u3MepeHuil. Takum o0pa3zoM, U3MEpPUTH
(UBUYECKYI0 BEJIMYMHY — 3TO 3HAYUT HE TOJIBKO OMBITHBIM MHYTEM C
NOMOUIBIO CITEHMATBHBIX CPEACTB MOJYYUTh €r0 YACIOBOW NOKA3aTEeIb, HO
U OLICHUTH MOTPEIIHOCTh U3MEPEHUN, TOCKOJIBKY 0€3 3TOr0 HENb3s CYIUTh
0 Mepe TOCTOBEPHOCTH ITOIYYEHHOI'0 Pe3yJIbTaTa.

llocpewinocmuvio uzmepenuti Ha3pIBAETCS PA3HOCTh MEXKAY NUCTUHHBIM
3HAYEHUEM U3MEPSIEMOM BEIIMYUHBI X U PE3YJIbTATOM U3MEPEHHUS X, TO €CTh

Ax; = x — x;. 3.1)
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[Ipu 00paboTke pe3yiabTaTOB SKCHEPUMEHTAIBHBIX HCCIEIOBAHUN
OOBIYHO PACCMATPUBAETCSI HECKOJIBKO MOTPEUTHOCTEH.

Cucmemamuueckass  noepewlHocms -  3TO  COCTaBJISAIOLIAs
HNOTPEIIHOCTH  HM3MEPEHUsI, KOTOpas OCTaeTCs IOCTOSHHOM WM
3aKOHOMEPHO HW3MEHSIETCS TMPU TOBTOPHBIX HU3MEpEHMsIX. Takas
HOTPEIIHOCTh MOXKET OBITh CBSI3aHA C OrPAHHMYEHHOM TOYHOCTHIO
MU3MEPUTEIIbHBIX MPUOOPOB, HEMPABUIBLHBIM BHIOOPOM METO/a U3MEPECHUH,
HEMPaBUILHON YCTAaHOBKOW TIPUOOPOB [JIsi TMPOBEJCHUS H3MEPEHUH,
TEXHUYECKUM COCTOSIHUEM HCCIeAyeMoro oobekTa. Hanpumep, okucinenue
KOHTAaKTOB Ha KJIEMMax aKKyMYJISITOPHOW OaTaperd MOXKET MPUBECTH K
HEMPaBWIbHBIM pe3yjbTaTaM IMpPU KOHTPOJE HAMNPSKEHUS HCTOYHHMKA
MUTaHMUS.

CucreMarnueckas MOTPEIIHOCTh BBI3bIBACTCS BIIOJIHE
ONpEACICHHBIMA TPUYMHAMH, BEJIMYMHA €€ MpPU IOBTOPHBIX 3aMepax
OCTaeTCAd TMOCTOSAHHOM WM HW3MEHSETCS 10 ONpPEACICHHOMY 3aKOHY.
[TockoybKy Takas MOTPEIIHOCTh B MPUHIUIIE MOXKET OBITh U3BECTHA, TO J0
MPOBEJICHUST U3MEPEHUSI OHA MOXKET OBITh HMCKJIIOUCHA IMYyTeM M3MEHEHUSI
METOJla U3MEPEHUS, BHECEHHUs TMONPABOK B IMOKa3aHWs mpubopa u T. .
OnHuM w3  cnoco0OB  yOEOUTHCST B OTCYTCTBHUM CHUCTEMATHYECKOU
MOTPEIIHOCTH SIBJISIETCS TOBTOPEHHUE HM3MEPEHUsS JIPYyTrUM METOJOM U B
IPYTUX YCIOBUSX.

I'pybvie noecpewnocmu (npomaxu) — d3TO OWUOKHU, SBJISIOUIAECS
qare BCEro pe3yabTaToOM HHU3KOM KBaTM(UKAIMKN SKCIIEPUMEHTATOPa, €ro
HEOPEKHOCTU I HEBHUMATEIBLHOCTH, a TAKKE HEUCTIPABHOCTU TPUOOPOB.
Pa3paboTaH psii mpueMoB, TO3BOJISIIONINX UCKIIFOUUTh TAKUE PE3YJIbTaThl U3
JAJIbHENIIIETO PACCMOTPEHMUS.

Cryyatinas noepewtHocms 3aBUCUT OT OOJIBIIIOTO YHUCJIa CIydalHbIX
OPUYMH, IEUCTBUE KOTOPBIX TPU KAXKIOM U3MEPEHUH PA3TUIHO U HE MOXKET
OBITH 3apaHee yuTeHo. CaydaiiHyIo MOrPeIrHOCTh CJIEAYET pacCMaTPpUBATh
KaK CIIy4YalHY0 BEJIMYMHY, TOJYUHEHHYIO OIPEIEIICHHON CTATUCTUYECKON
3aKOHOMEPHOCTH.

llpubopnas  noepewnocms  —  TIOTPEIIHOCTh,  BHOCHMAs
U3MEPUTEIBHBIM TPUOOPOM MpHU KaxkJIoM u3MepeHuu. OHa CBs3aHa C
TOYHOCTBIO MprbOOpa. ITa MOTPEUTHOCTh paBHA TOW J0JI€ JEICHUS IIKAJbI
npudopa, 10 KOTOPOM C YBEPEHHOCTHIO B MPABUIIBHOCTU PE3yJIbTaTa MOKHO
BBITIOHATh OTCUET. OOBIUHO €CJIM HET JOMOJHHUTEIBHBIX CBEICHUN B
nacropre mnpuOopa, oHa paBHa = 0,5 I[EHB HAWMMEHBIIETO ACICHUS.
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[IpubopHas MOrPEIIHOCTh CONEPKUT B ceO€ KaK CUCTEMATUUECKYIO, TaK U
ciaydaiiHyro norpemHocTd. CucreMaTndeckas MOrpelIHOCTh MOXKET OBITh
BbI3BaHA CMEIIICHUEM Hauyajla OTCYETa, HETOYHOCTHIO HAHECEHHUS IIKaJbI, a
CiTy4aiiHasi TIOTPEIIHOCTh MOYKET OBITh 00YCIIOBIICHA TPEHUEM B MEXaHU3ME
npubopa, 1odToM Npudopa U IPpyruMu MPUUUHAMMU.

Heob6xonuMo uMeTh BBUIY, YTO €CIM Ciy4yalHasl MOTPEIIHOCTH B
pe3yabpTare JKCIEpUMEHTa MEHBIIE TOYHOCTH IPHOOpa, TO TOBOPHUTH O
MOTPENTHOCTH He KoppeKTHO. M, Hao00poT, eciiu ciydaiiHasi MorperrHoCThb
Oompllie MPUOOPHON, TO HYKHO YBEJIMYUTh O0BEM HKCIEPUMEHTATbHBIX
JaHHBIX, YTOOBI  TOBBICUTH TOYHOCTH  ONPEACICHHS  BEIUYUHBI
MOTPEITHOCTH.

3.2. IIpenBaputenbHas 00pabOTKa SKCIIEPUMEHTAIBHBIX TaHHBIX

[Ipexxae 4Yem BBIMOJHUTH OILIEHKY MOTPEIIHOCTH MPOBEACHHBIX
U3MEPEHUM HEOOXOAMMO TIPOBECTH IMPEABAPUTEIIHLHYI0O 00padOTKY
NOJIYYCHHBIX JIaHHBIX JJISI YCKOPEHHS JaJbHEUIIMX pacyeToB H
npeaynpexaCHUS OMUOO0K.

Bo-nepBeix, HEOOXOAMMO TPABWIBHO 3alycaTh MOJYYCHHBIN
nu@poBoil  Marepuan. OKCIEPUMEHTAIIbHbIE JaHHbIE MOTYT OBbITh
NpeACTaBIeHbl B CHUMBOJIBHOM ¢opMe, B BuUIe TaOIuIl, TrpaduKos,
OCIIMJUIOTpaMM, PHUCYHKOB. B nmanpHelmem OylaeM paccMaTpuBaTh
g poBy0 GopMy IIpeACTaBICHUS JaHHBIX, KaKk Han0oJiee YHUBEPCATbHBIM
U IITUPOKO PaCIPOCTPAaHECHHBIM METO ] TPEACTABICHUS HH(POPMAIIUH.

[Tocne mpoBeneHUsT U3MEPEHUN M BBIUUCICHUN HE MEHEe BaKHO
rpaMOTHO OKPYTJUTh W 3alucaTh KOHEUHbIA pe3ynbrar. s 3Toro
CYHIECTBYIOT MpaBwWiia, KOTOPBIE pEriaMeHTUpYyrTca crangaprom COB

547-T77 pH IIPEICTaBIEHUN HOPMAaTHUBHO-TEXHUYECKOU 17|
TEXHOJIOTUYECKOW JOKyMeHTanuu. CylecTBO PEKOMEHAAIUN CBOAUTCS K
CHEAYIOLIEMY.

3anuck nudp MaTepraia HE00X0AMMO OCYIIECTBIIATh TaK, YTOOBI BCE
HYJI4, CTOSIIIME CIpaBa M CJieBa B JAHHOM 4YHUCJIE W O0O3HAyarolIue
JNECATUYHBIC pa3psibl, TPEACTABISUIUCh, B BUJIE IEIBIX IMOJI0KUTEIBLHBIX
yyucell WIM CcTerneHer paecatu. Hampumep, HWHTEHCHBHOCTh OTKAa30B
AIEKTPOTEXHUUECKOTO M3ACHus A = 0,006u~1 ClIeAyeT 3aluchiBaTh A =
6 - 107 3y~1,

YuciaoBble 3HAUCHUS BEIMUMH JIOJKHBI YKA3bIBATHCS C OJIMHAKOBBIM
YHCJIOM Pa3psioB:

- mpaBwibHas 3anuck: 21,0 £0,2; 15,13 £0,20;
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- HenpaBuibHag 3anuck: 21 £0,2; 15,13 +£0,2.

UucnoBoe 3HAYEHHE BEJIMYMHBI U €€ TMOTPEIIHOCTh (OTKJIOHECHHE)
HEOOXOAUMO 3aluChIBaTh C YKa3aHUEM OJHOM W TOU ke (puanueckoit
BEJINYUHBI.

OxkpyriaeHue 4ucia 3aKkJII04aeTcss B 0TOpachlBAaHUU 3HAYAIIMX AP
cIpaBa JI0 OMPEEeIEHHOI0 pa3psiia C BO3MOKHOCTBIO U3MEHEHUS UG PHI
sToro paszpsana. Hampumep, okpyrieHwe uyuciaa 163,92 no yersipex
sHavamux nudp gaer 163,9. Ilpu stom cieayeT yduThIBaTh, 4YTO €CIIH
nepBas U3 oTOpachiBaeMbIX IU(P MEHbIIE S5, TO MOCIAETHA COXpaHseMast
udpa ve mensercs. Oxpyrienue nudpsl 15,61 10 Tpex3HayHOM MO3BOJSET
3anucath 15,6. Ecnu mepBas u3 orOpachiBaeMbIX Idp Ooiblie 5, TO
nocyeHss coxpansemas nuudpa ysenuuuBaercs Ha 1. [lpu okpyrienun
mudpsr 13,86 10 Tpex3zHauHou 1udpsl Mel monyuum 13,9. OkpyrieHue
CIEAYET BBITIOJIHATH Cpa3y JI0 KEJAeMOro KOJMUYeCTBa 3Hadamux mudp.
Hanpumep, uncio 239,44 moxeTr ObITh OKpyriaeHo 10 239 wmm no 239.4.
[TosTanmHOE€ OKpyIJ€HHE C M3MEHEHHMEM HECKOJIbKUX pPa3psioB HE
JOIYCTUMO, TO €CTh HEJb3s yncio 239,44 BHavane okpyriuTth 110 239.4, a
3aTeM 1o 239.

[Ipexxne 4em paccMmaTpuBaTh MapamMeTphbl, XapaKTEPU3YIOIIUE
MOJIYYCHHYI0 COBOKYIMHOCTh JKCIIEPUMEHTAJIbHBIX JTaHHBIX, HEOOXOIUMO
OpPOBEPUTHh HMEIOIIMICA MACCMB HAa HAJIMYME TaK Ha3bIBAEMBIX
BBICKAKMBAIONIUX 3Ha4YeHUU (mpomaxoB). OHM SIBISIOTCSA, KakK IPaBUIIO,
CIEACTBHEM Kakou-1ub0 TpyOoi OImMOKM B TIPOBEACHUU JTaHHBIX
U3MEPEHUH, HE3aMEUEHHOU JKCIIEPUMEHTATOPOM. Peub MOXKET BECTUCH O
BEJIMUYMHAX, CYIIECTBEHHO OTJIMYAIOIIUXCS OT OCTaJbHBIX, HAIpUMEp B
HECKOJIbKO pa3. [[puunHbI TaKUX OMIMOOK MOTYT OBITH COOM B ammaparype,
JIO)KHOE  TPOCTABJICHUE  HKCIEPUMEHTATOPOM  pe3yibTaToB  M3-3a
HEBHUMATEJILHOCTH WK yCTaloCcTH. [I[poMaxu HY>XHO UCKIIOUUTH, OJHAKO
PYKOBOJICTBOBATHCS TOJIBKO SMOIIUSIMA HEKOPPEKTHO.

Meto/bl, 00BIYHO MPUMEHSEMBbIE PU BBISIBICHUU BBICKAKUBAIOIIUX
3HAQYEHUM, JIOBOJBbHO TpoMO3aAKkd. OJHAKO CYIIECTBYET JOCTATOYHO
OBICTPBI CIOCOO, MO3BOJIAIOIIMNA PEIUTh 3aJadyy C [pUeMIeMOn
TOYHOCTBIO [1]. MeTon OCHOBaH Ha OLEHKE Pa3Iuyuil KpalnHUX 3HAYECHHUUN
paccMaTpUBaeMOil ~ COBOKYIMHOCTH  JKCIIEPUMEHTAJIBHBIX  JaHHBIX.
PaccMoTpuM KOHKpETHBIN mpumep o00paboTku naHHbIX. IlycTh B
pe3yJibTaTe SKCIEPUMEHTA TMOJYyYEH CICAYIOIUA MaCcCUB pPe3yJIbTaTOB
usmepenuii: 1,06; 1,03; 1,07; 1,01; 1,29; 1,05; 1,04; 1,12.

PacnoyioxkuM TONyYEeHHBIE JaHHbICE B TMOPSAJKE BO3pPACTAHUS W
MPOHYMEPYEM HUX:
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1 2 3 4 S 6 7 8
1,01 1,03 1,04 1,05 1,06 1,07 1,07 1,29

PaccmoTtpenue MTOJTY4YEHHOT O psna ITOKa3bIBAET, 4TO
BBICKAKMBAIOUIMM 3HAYECHUEM SABJSECTCA BEJIMYMHA II0J HOMEpoM 8.
O0603HauuM MPUBEACHHBIC NaHHBIC yepe3 X;, | = 1, 2, ..., n U YKaXeM ux
HOMEpPA B BUAE UHAECKCA, HAIIPUMED BBICKAKUBAIOIIECE 3HAUYCHUE Xg.

Xn—Xn—-1 Xg—x7 _ 1,29-1,12

PaccuuTaB oTHOIIEHHE — ., [IOJIy4YuM =
Xn—X1 Xg—Xq 1,29-1,01

= 0,61.

[TonyyeHHOE€ 3HAYE€HUE OLEHUM C HCIIOJb30BAHUEM JAHHBIX,
npuBoauMbIX B Ilpunoxkennn A. B tabmuue Ilpunoxenus A nis dumcia

AKCIIEPUMEHTAIbHBIX JAHHBIX # = 8§ U YPOBHA JOCTOBEPHOCTH 99% yKazaHO
Xn—Xn-—-

MOrPAaHUYHOE 3HAYCHHUE OTHOIICHUS ;‘(—;‘(1 paBHoe 0,59. Tak kak
n— 41

BBIYMCJICHHOE 3HAaUeHKE, 00JIbIlle TAOJUYHOT0, MBI B IIPABE pacCCMaTPUBATH

BapMaHT 8§ B KadyeCTBE MpOMaxa W HCKIIOYUTh €r0 U3 JalbHEUIIETro

PacCMOTPEHMUSL.

BmecTte ¢ TeM BO3MOXKEH cnyqaﬁ, Koraga OTHOIICHHC . —x
n-— 41

HaXOJUTCS
B IMAIIa30HE JOCTOBEPHOCTHU OT 95 10 99 %. B 3TOM Cilydae Mbl HE UMEEM
mpaBa TOBOPUTH O OE30rOBOPOYHOM MCKIIFOUEHUHM BBICKAKMBAIOIIETO
3HAYEHUS, MOKHO TOBOPHUTH TOJBKO O 3HAYUTEILHON BEPOSITHOCTU IPyOOit
omuOKku. B Takoll cuTyanuuM Jydilie TPOBECTH JIONOJIHUTEIBHOE
U3MEpEeHne, HO MPHU YCIOBUU, UTO HAWJEHHOE B OIBITE 3HAYCHHE Xi:;‘(ll
MEHBIIE  MOTPAHWYHOTO  YpPOBHS  JocTtoBepHOCTH  95%,  Torma
IPEANONIOKEHNE 00 MCKIIOYEHWH BBICKAKMBAIOIIECTO 3HAYEHUS SIBIISETCS
0€30TOBOPOYHBIM.

B ITpunoxenuu A npuBOASTCS TaKKe IPYrUe BO3MOKHBIE BAPUAHTHI
MOSIBJICHUSI BBICKAKMBAIOIIMX 3HAYEHUM B MACCHBE IKCIEPUMEHTAIbHBIX
JaHHBIX, 9TO OTHOIICHHE, % KOT/Jla BBICKAKMBAIOUIMMHU SIBIISIFOTCS
HauOOJbIIEE W HAMMEHBIIEE 3HAYEHUS HU3MEpPSIEMOro IapaMmeTpa Hu
OTHOILICHUE %, KOrJla BBICKAKUBAIOIIMMHM SIBIIIIOTCA Cpa3y JBa
HAUOOIBIINX 3HAYCHUS.
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3.3 OueHka cJay4yailHOM MOTPENIHOCTH MPAMbIX U3MEPEeHUH

IIpy npsiMBIX HW3MEPEHUSAX YHUCIOBBIC 3HAYCHUS HW3MEPSAEMOU
BEJIMYMHBI MOJTYYAIOT Cpa3y U3 MOKa3aHUU MpuOopa, C MOMOIIbIO KOTOPOTO
BBIIIOJIHAKOTCA M3MEPEHUSA. Pe3ynbraT KaXZAoro IMpsMOro HU3MEpPEHUs
BKJIFOYAET CIIy4YalHYI OLIMOKY, KOTOpas 3aBUCHUT OT OOJIBIIOrO YHCIIA
CIIy4yalHBbIX (PaKTOPOB.

IIpu mpoBeneHun n WU3MEPEHUM OJHOM U TOM K€ BEIMYUHBI
MOJIyYarOTCs PE3YJIbTAaThl X1, X3, X,. B MaTeMaTU4YeCKOW CTATUCTUKE
JI0Ka3aHO, YTO MPU OTCYTCTBUM CUCTEMATHYECKUX MOTPEIIHOCTEH (MM
NOCJI€ YCTPAHEHUsS MX) HAWIYYIIUM MNPUOIMKEHUEM K U3MEPSEMO
BEJIMYMHE SIBJISETCS CPEIHEE CTATUCTUYECKOE 3HAYCHUE Pe3yJIbTaTOB
U3MEPEHMUSL.

X =YL X (32)

PazHOCTH MEXAy CpeIHUM 3HAUYCHUEM HM3MEPSEMON BEJIMYUHBI X U
3HAQYEHUSIMU Xq, X, Xp, TOJYUYCHHBIMU TPU OTACIBHBIX H3MEPECHUSX,
HA3bIBAIOTCS a0COJIOTHBIMHU OIIIHOKAMU

Axq =X —x1,Axy =X — Xy, ...,0x, = X — Xy, (3.3)
PaccmarpuBaeMble 3HaU€HUS a0COTIOTHBIX OIIMOOK MOTYT OBITh Kak
MOJIOKUTEBHBIMU, TaK U OTPUIIATECIbHBIMHU.

B ocHOBe TeopuM IOrpelIHOCTEH JekKaT ABa MPEANOI0KEHHUS,
MOATBEPKIAEMbIE OTILITOM.
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1. Ilpu OonbIiOM 4YHCIE HU3MEPEHUN CllydallHble MOTPEIIHOCTH
OJIMHAKOBOM BEJIMYMHBI, HO PA3HOTO 3HAKA, TO €CTh MOTPEITHOCTH, KaK B
CTOPOHY YBEJIMYEHHUS, TaK U B CTOPOHY YMEHBIICHHS, BCTPEYAIOTCS
OJIMHAKOBO 4acTo.

2. bonpiue (1o abCoFOTHOM BEIMUMHE) IMTOTPEIIHOCTH BCTPEUYAIOTCS
pexe, 4eM Majble, TO €CTh BEpPOSTHOCTH IMOSBICHUS MOTPEUIHOCTEH
YMEHBIIAETCS ¢ POCTOM BEJIUYHMHBI OTPEITHOCTH.

Jlns  ompeneneHus cpenHedl aOCOMIOTHOM OIIMOKK pe3yJibTaTa
U3MEpEeHU OepyT cpenHee apudMeTHUEeCKOe aOCONIOTHBIX 3HAYCHUU
OTHEJILHBIX OIMINOOK

AX = =¥7, AX; (3.4)

Ecau uncio uamMepenuii J0cTaToOuHO BEJIMKO (CTPOTO TOBOPS, TIPU 1 —
00), TO COTJIACHO MPEANOJIOKEHUIO |

lim ~¥™ AX; = 0 (3.5)

n-oon

N3 Tteopun OmMMOOK HM3BECTHO, YTO IUIOTHOCTh paclpeeeHUs
CIIy4YalHBIX OIIMOOK 3aBUCUT OT MX BEIMYUHBI U BhIpakaeTcs (HopMysoi
HOPMAaJILHOTO pacnpeaeneHus (3akoH ['aycca)

L )
f= e 202 (3.6)

21O

r7€ X — UCTUHHOE (CpeaHeapuPpMeTHuecKoe 3HAYEHUE U3MEPSIEMON
BEJINYUHBI;
02 — nucnepeus;
0 — CpEeIHss KBaJpaTUyecKas MOrpenrHoOCTb.
Jlucniepcusi TeHEepaTbHOM COBOKYIMHOCTH IS N TMOJYyYEHHBIX

3HAYCHUH CITy4yailHOM BEJTUUMHBI X1, X5, X, ONIpeesseTcs o popmy:ie:

1 _
0% = " (X —x)? (3.7)

Ona xapaktepusyeT CTEeNeHb pa3dpoca xq,BOKpyr X. CrangapTHOE
OTKJIOHEHHE (CpEHEKBAAPATUYECKYI0 OIINMOKY) OTHEJIbHOTO OMbITa
HaxoJAT 10 hopmyIie:
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o= ;Z’i‘zl(f — x;)? (3.8)

KpuBass IJIOTHOCTH HOPMalbHOTO pACHpPEAENICHUs IIOKa3aHa Ha
pucyske 3.1.

i | L

| . g : : ;
X-30 X-20 X-0 X XtoXt2oXH+H3o X

Pucynok 3.1 — KpuBas mioTHOCTH HOPMaIBbHOTO PaCIpeEACIeHUS

KpuBass mOTHOCTHM pachpelesieHus CIy4yalHOW BEJIWYUHBI X
XapakTepu3yeT YacTOTy [MOMNaJaHus U3MEPSEMOM BEJIUMYUHBI  X; B
UHTEpBAIBI X + 0, X + 20, X + 20 ¥ aHAIOTUYHO JJIsl OTPULIATEIBHBIX
3HAUCHUM X — 0, X — 20, X — 30.

B npuniune uudpsl nepea ¢ MOTyT ObITb U JIPOOHBIMU, TTOAITOMY
UCIIOJIB3YIOT 00lee o003HaueHHE B BUJie Oe3pazMepHOro koddduimeHrta
k,.

N3 npuBeneHHoi Ha pucyHke 3.1 KpHUBOW MOXKHO YCTaHOBHUTH
BAKHYIO 3aKOHOMEPHOCThb: B JHama3oH X + o nomnagaer 68% Bcex
U3MEPEHHBIX BEJIWYMH, B JUaNa30oH X + 20 - 95 %, a B nuanazon X + 30 -
99,7 %.

JIsi TOJHOTHI OMMCAHUS CAy4YallHOMW MOTPENIHOCTH HEOO0XOJAUMO
YMETh YKa3bIBaTh BEPOSTHOCTh @ MOMaJaHUs pe3ysibTaTa U3MEPEHUs X; B
m000W 3aJlaHHBIA MHTEpPBAJI MOJYIIUPUHBI AX KPUBOUM pacrpeeseHUs
cayuaiinbix omubok (X — AX) < X;. Ilpu sToM Ax ynoOHO BBIpaXkaTh
yepes o u kodddunueHt K4, To ecTh

Ax = koo . (3.8)
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WHTepBal, B KOTOPOM C 3aJJaHHOM BEPOSTHOCTHIO HAXOIUTCS MCTHHHOE
3HAYCHHE U3MEPSICMON BEIMYHHBI, Ha3bIBACTCS JIOBEPUTECIIHHBIM HHTEPBAJIOM, a
COOTBETCTBYIOIAsl BEPOSTHOCTh & - JIOBEPUTEIHHON BEPOSTHOCTBIO 3TOTO
WHTEpBaa. 3aBUCUMOCTh JIOBEPHUTEIHHON BEPOSTHOCTH OT Kod(duimeHTta
k, npuBenena B Tabnuie 3.1.

Ta6muma 3.1 — 3aBUCcHUMOCTD 10BEePUTEIbHOM BEPOSITHOCTH OT
ko3¢ unmenta k,

k, = %’f, k, = i_j: JloBepuTenbHast BEpOSTHOCTh &
1,0 0,680
2,0 0,950
2,6 0,990
3,0 0,997

BeposiTHOCTB a B pszie cllydyaeB Ha3bIBACTCS HAJEAKHOCTHIO.

3amaBmIMCh a, MBI 1O TaduIe 3.1 MoxkeM onpenenuTh BeMIuHy K,
U, 3Has a, onpeAeauTh AX. YKa3zaHHbIE pacCyKICHUS CIPABEJIUBbI IIPU
OOJIBIIIOM YHciie u3MepeHuil (n— o). Ha npakTrike 0OBIYHO BBITOJIHSIETCS
OrpaHUYEHHOE YHUCIIO U3MEpeHui. B 3TOM ciydae BennurHa X Ha3bIBaeTCA
BBIOOPOYHBIM CPEJIHUM (B OTJIMYUE OT T€HEPATBLHOTO CPEAHETO,
MOJIy4aeMoro Ipu n— 00). Beibopka 03Ha4yaeT, 4To U3 0ECKOHEYHOTO
MHOXECTBA (T€HEpaIbHOM COBOKYITHOCTH) OEpeTcs Hayral n 3HAYECHUM
CJIy4YaliHOW BEJIMYUHBI X, .

Ecnu ucTMHHOE 3HAaY€HHE X HEU3BECTHO, OLCHKA JIUCIEPCUU O
ABJISIETCSI TaK Ha3blBaeMasi BBIOOpOYHAsl AWCHEPCUS WIM JUCIEPCHUs
BBIOOPKH

2

N A2
AS? = Zi=1(Axi)” (3.9)

n—1

HpI/I OTPaHUYCHHOM YHCJIC PI3MCpCHHI>i n BEJIMYHUHA ASIZI ABJIACTCA JIMIIb 0'2
OIIEHKOU TUCTIEPCUU a, 4 HE paBHA €, TO €CTh IPU OTPAHUUYCHHOM UYHCIIE

U3MEPEHUN Mbl MOXEM HENOCPEICTBEHHO ONPEICIIUTh JIUIIb BEJIUYUHY
AS? | a He 0.

Kopenb kBajipaTHbli U3 BBHIOOPOUYHOW AUCIEPCUU OMPEACISET
BBIOOPOYHYIO CPEIHIOI0 KBAJIPATUUYECKYIO TOTPEITHOCTD
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n N2
AS, = [H=nl (3.10)

ITokaxxem Tenepp, KaKk HAWTH OLIEHKY MOTPEIIHOCTH pe3ysbTara
cepun u3MepeHul. Eciim MBI IIpOBEAEM HECKOJBKO CEPUU, KaXKAAsd W3
KOTOpO# OyJIeT COCTOSITh U3 1 U3MEPEHUM, TO Mbl OyJeM MOIydaTh MOCIIE
00pabOTKM KaXJbl pa3 paszIMyHOe 3HAYEHHE X, TO €CTh CpeJHee
apu(METUYECKOE 3HAUYCHHE HM3MEPSIEMON BEJIMYMHBI JJISl KaXKJIOW cepuu
CaMO SIBJIIETCA CIYYaMHOM BEIWYMHOM M ONMCHIBAETCS HOPMAIbHBIM
3aKOHOM PacIIpeIelIeHus ¢ AUCIIepCcheil a2

HpI/I OIr'paHUYCHHOM YHUCJIC H3M€p€HHfI N HCCKOJIBKUX CCPHAX k

NIPHOTH3UTENEHBIM BEIPAKEHIEM 02 Oyner ASZ.

ASE _ Tita(Ax)?
n n(n-1)

ASZ = (3.11)

OTtcroga cpeaHeKBaIpaTHUeCKasi HOTPEIIHOCTh PE3yIbTaTa CEPUU

U3MEPEHUM paBHA
AS /As Ziz1 (Ax)” 1(“') (3.12)

MaremaTnueckass CTaTUCTHKA IpEJIaraéT B KadeCTBE CPEIHETO
3HAYEHMS CIy4ailHOM MOrPEIIHOCTH UCIIOIb30BATh UMEHHO BEJIMUMHY AS .
DTy BEIMYMHY Ha3bIBAKOT CPEAHEKBAAPATHUECKUM OTKIIOHEHUEM CPEHETO
3HaueHus. Yucio AS g xapakTepus3yeT TOYHOCTh OINPENECIEHUsT HCKOMOM
BEJIMYMHBI X IIyTEM BBIYUCIIECHUS CPEIHECTATUCTUYECKOrO 3HAUEHUS X OT
uctuHHOro 3HaueHus X. He cayuaiino, 'OCT 8.201-76 permameHTHpPYET
JNOBEPUTEIIBHYI0 BEPOSATHOCTH MMEHHO JJISI 3TOro mnokaszareiss. CoriacHo
storo ['OCT B TEXHHYECKHX U3MEPEHUAX CIEAYyEeT MPUHUMATH
JNOBEPUTEIIBHYIO BEPOSTHOCTh & = (0,95, a B HAYYHBIX HCCIEIOBAHUIX X =

0,68.

OHCHKI/I I[I/ICHepCI/Iﬁ 0'2 41 O')Z—( ABJKOTCA  IIPCACIIbHBIMU. Ounn

CIpaBeJIUBLI MPU N , TO €CTh Opu OodbimioM yuciae . IIpu manbix
3HAYEHUSAX N ITU OLEHKU CaMU SIBJISIOTCS CIIyYaWHBIMUA BEJIMYMHAMU U B
JYYIIEM CIIy4ae ONMPENESIOT JUIIb ITOPAIOK BEIUYUHBI JUCTIEPCUHA. B cuity
ATOr0 TMPU HAXOXKJAECHUHM TPaHUIBl JOBEPUTEIBHOIO WHTEpBana JJis
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BEJIMYMHBI X TIPU MaJbIX 3HaUeHUsIX 7 (1 < 20) MbI HE MOKEM OJIb30BATHCS

Ax
kodpunmentom k, = —» TIOCKOJIbKY BETMYNHA O HAM HEH3BECTHA.
x

JInst mostyyeHusi rpaHul] TI0BEPUTEIBLHOIO UHTEPBAJIa B 3TOM ClIydae
HaM HE0OXOJIMMO BBECTHM HOBBIN K03 duiment t,. IT1oT KodDPUIIUEHT
Obu1 mpennokeH 1908 roay aHMIMICKUM MaTEMAaTUKOM M XHUMHUKOM
I'occeTom, myOIMKOBaBIIIEM CBOM pabOThI O ICEBAOHUMOM «CThIOJICHTY
- CTYAEGHT, W TOJAy4YWwI B TIOCJIEJACTBUM Ha3BaHuWE Kod(duimeHTa
Creronenta. [lpu n (mpaktuyecku npu n > 20) pacnpenenenue CTboJIeHTa
NEePEXOUT B HOPMAJIbHOE paclpeiesiCHue ¢ €IUHUIHOMN JUCTIepCUEH.

Pacnpenenenue CThlofieHTa TO3BOJISIET  OLICHUTH  BEJIMYUHY
HAJCKHOCTH @ TI0 33JJaHHOMY 3HAUYC€HHIO AX WM Ha0OOpOT, MO 3aJaHHOU
BEJIMYMHE HAJIC)KHOCTH a HAWUTU BeIM4YuHy mnorpemHoctd Ax. Takum
00pa3oM, TIpU HEJOCTATOYHO OOJIBIIIOM YHCII€ U3MEPEHUH (IIPaKTHYECKU
npu n < 20) npu pacuerax AX C ydeToM 3aJlaHHOM HAJCKHOCTH
HE0OXOAUMO BBOAUTH BMecTo KodhduimentoB  k, xodpduimeHt
CrbronenTa t,, 3aBUCAIIUN OT YMCIa MPOU3BEACHHBIX W3MEPEHUN U OT

BCIIMYHUHEI HAIC)KHOCTU X
Ax Ax

t, = =
@ ASy  AS,/VN

(3.13)

rae ASg — onpenensierca o Gopmyiie (3.12), a AS,,, COOTBETCTBEHHO 10
dbopmyiie (3.10).

[Ipu n— oo na ko3 dunenTs t, nepexoast B kKodhPuuueHtol Kk,.

3nauenust kodpduuuentoB CrbrogeHTa €, IS pa3HbIX 3HAYCHUU
HAJEKHOCTH a M Pa3JIMYHbIX 3HAYCHHUSIX 7.

CormacHO  MaTeMaTHMYeCKOM  CTaTUCTHUKU IS KOPPEKTHOIO
NpeACTaBICHUsl pe3yJibTaTa U3MEPEHHI CielayeT B Hayalle 3aJaThCsl €ro
HAJIEKHOCTHIO (JIOBEPUTEIBLHON BEPOSTHOCTHIO &). 3HAS BEPOATHOCTH TOTO,
YTO MCTUHHOE 3HAUYEHHE U3MEPSIEMOM BEJIMYMHBI X TOMANAET B
JOBEPUTENbHBIM WHTEpBaJ, TO €CTh, JPYIMMHU CIIOBaMH, 3a/aBas
HAJIe)KHOCTD a, PaBHYIO OIpe/ieJIeHHOM BeanurHe (Hanpumep, a = 0,99) o
YUCITy MPOBEJAEHHBIX M3MEpeHUuil (Hampumep, n = 8) no Tabmuie Yucna
cTeneHen cBo0oAbl f = n - 1 MOKHO YCaHOBUTH 3Hau€HUE Kod(dulreHTa
Creronenta. B nHamem ciaywae oHo paBHo 3,50. Torma, ompenenun
npenapaputesbHo ASg, ucnonb3ywoT dopmyny (3.13), ymaercs HaWTH
MOIPEITHOCTh Ax 110 popmyIie

Ax = t,AS, (3.14)
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ITocinie 3TOro pe3yabTaT U3MEPEHU MOKHO 3amucaTh B BUAE (X - Ax)
<x; <(x+ Ax) wm x = (X = Ax), 4TO O3HAYAET, YTO UCTUHHOE 3HAYCHUE
BEJIMYMHBI X MOMAJAET B JOBEPUTEIbHBIN UHTEpPBAI (X - Ax), (X + Ax)]
HAJICKHOCTh, PABHOU .

JIaHHBI METOJ OLIEHKHU MOTPEUIHOCTU CPEIHETO M3MEPEHMS T'OJICH
JU1s TF000T0 YKCIa U3MEPEHUM.

Yacto mpu  o0paboTke  pe3ysbTaTOB  AKCHEPUMEHTATIbHBIX
HCCIICIOBAaHUN  I1eJleco00pa3HO KpoMe  aOCONIOTHONH  IOTPEIIHOCTH
UCIIOJIB30BaTh OTHOCUTEIBHYIO MOTPEIIHOCTh H3MEPSAEMON BEJIMYMHBI.
OTHOCHUTENBHON MOTPEIIHOCThI0 U3MEPSIEMOW BEIMYMHBI X HA3bIBACTCS
OTHOIIIEHHE a0COIIOTHON MOTPEIIHOCTH AX K ICTUHHOMY 3HAUYCHHUIO X.
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B kauecTBe Hamiydmienl OLEHKUM OTHOCUTEIBHOW IOTPEIIHOCTH E
OOBIYHO HCMOJIB3YETCSI OTHOIIEHuEe AX K CpeaHEeCTaTUCTUYECKOMY
3HAYECHUIO X

Ax

OTHOcUTENbHAS TOTPEITHOCTH SIBIIAETCS O€3pa3MepHON BETMUUHON U
€€ 4acTO BhIPaKaloT B MPOIECHTAX.

Takum 00pa3om, U3I0KEHHBIN TEOPETUUECKUN MaTepHUa MO3BOJISET
chopMyIupoBaTh CICAYIOUIMNA aJITOPUTM MaTEeMaTHYECKOW 0O0pabOTKU
pPE3YJIbTAaTOB MPSIMbBIX U3MEPEHHUIA.

1. 3amMCchIBa€TCSI MACCHUB IIOJYYEHHBIX JKCHEPHUMEHTAIBHBIX

JTAHHBIX.

2. IlonydeHHblE JaHHBIE PACTIONATAIOTCS B MOPSAKE BO3pACTAHUS U

HYMEpYIOTCS.

3. JlenaeTcs OllEHKAa HAJIMYMS BBICKAKMBAIOIIUX JAHHBIX U MPU UX

HAJIMYUHU OHU OTOPaCHIBAIOTCS.
4. OnpenienseTcsa cpeaHee apupMeTHYeCcKoe 3HaUeHUE U3MepsIeMon
BEIIMUHHBI

5. BBIYMCIAIOTCA OTPEMIHOCTH OTAEIBHBIX U3BMEPEHUN AX; = X - X;.
6. OnpenensroTcs KBaaparsl MOrPENTHOCTEN OTAEIBHBIX U3MEPEHNAN

Axi2=(f — x,-)z

7. PaccunthiBaeTcsl  CpelHsAs ~ KBaJpaTUyeckas  MOTPEIIHOCTb
pe3yabpTara

Yizq1(Ax;)?

cepun usmepeHun AS z = my—

8. 3aaeTcs 3HaUCHUE HAZEHKHOCTH (.

9. Onpenensercs kodpduirenT CTerogeHTa t,

10. HaxonsaTcst rpaHuIbl JOBEPUTEILHOTO HHTEPBAJIA TIO
bopmyneAx = t,AS ;.

11. Eciii BeJIMYMHA MOTPEITHOCTH PE3yIbTaTa U3MEPEHU,
onpeaeneHHas no n. 10, okaxxeTcsi CpaBHUMOM C BETUYUHOMN
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IMOTrpCIMHOCTHU HpI/I60pa, TO B KAYCCTBC I'PAHUILIBI
JOBCPUTCIILHOI'O HHTCPBaAJja CICAYCT B3iATh BCIIMUHNHY

2
t, (oo
Ax = taZASE+< “(3 )> 52,

rje & - BeJIM4rHa MOTPETHOCTH Ipubdopa.
12.0KOHYATEIbHBIN PE3YJIbTAT 3AMUCHIBAETCA B BUAE X = X £ AX.
13.BBINOJIHAETCS OLIEHKAa OTHOCUTEBHOW MOTPEIIHOCTH PE3yJIbTaTa

o Ax
CCpHUU UBMEPCHUU &€ = ;

IIpumep 3.1. HudpossiM mpudbopom Ob10 mpomsBeneHo 11
3aMEepOB TOKA HAarpy3Ku B paclpeaeIuTeIbHOM YCTPOMCTBE YaCTHOTO
JIOMOBIIaJIcHUs. B pe3ynprare 3aMepoB MOIYUYEH CIEAYIOIIU MAaCCUB
uaopmaruu: 11,02; 10,14; 9,96; 10,00; 11,56; 16,28; 11,13; 10,66;
10,44; 9,73; 10,82 A.

OrnpenenuTs OTHOCUTENBHYIO OTPEITHOCTD PE3yJIbTaTa
U3MEpPEHUN.
Pemenue. 1. Pacnonoxnm nosrydeHHbIEC TaHHBIE B ITOPSAJIKE BO3pACTa-
HUS ¥ IPOHYMEPYEM HX:

1 2 3 4 5 6 7 8 9 10 11
9,73 9,96 10,00 10,14 10,44 10,66 10,82 11,02 11,13 11,56 16,28

2. PaccMOTpUM NOJIYYEHHBIN Pl HA TPEAMET HATMYHS BBICKAKUBAOLIEN
BeJM4YnHbL. Ero sBIIsIETCA pe3ysibTaT u3MepeHus Nqq = 16,28.

3. PaccuMTaeM OTHOLICHHUE %z (16,28 - 11,56)/(16,28 - 9,73)
n— 41

=0,72.
4. Cornacho ITpunoxenusa A miist yncia 3KCHEPUMEHTAIbHBIX
TAHHBIX

=11 u ypoBHs 10ocTOBEpHOCTH @& = 99 % OTHOWEHNE —* ! =

0,50. Tak xn
-x1

KaK BBIUHCIICHHOE 3HaUCHHE OOIbIIe Ta6HI/I‘-IHOI‘O, TO MBI BIIPaBC
HCKIOYUTH U3 ,Z[EU'IBHCIZH.IGFO pacCMOTPCHUA BbIIIAJa0OICC 3SHAYCHUC
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nq{1= 16,28
5. dma ocraBmmxcss 10 pe3ynpTaToB W3MEPEHUN OINPEACITUM
cpeaHee apuPpMeTHYECKoe 3HAYCHUE TOKA Harpy3KH
X
9,73 + 9,96 +10,00 +10,14 + 10,44 + 10,66 + 10,82 + 11,02 + 11,13 + 11,56
10

=10,55A

6. Haiiziem morpeniHocTh OTASIBHBIX U3MEPEHUM 110 (hopmyIie
Ax; = X — X;: Ax1=0,82; Ax, = 0,59; Ax3 = 0,55; Ax, =0,41; Axc =
0,11; Axg =-0,11; Ax7 =-0,27; Axg = - 0,47; AXg = - 0,58; AX40= -
1,01A.

7. Onpenenum KBaapaThl MOTPEITHOCTEN OTACIbHBIX U3MEPEHUI

Ax1% =0,67; AX,% = 0,35; Ax3% =0,30; Ax4%=0,17; Ax5%=0,01;
Ax¢2=0,01;

Ax,%=0,07; Axg® =0,22; AxXq> =0,34; Axq9> =1,02.

8. HalimeM cpemHro KBaJIpaTUYECKYHO IOTPEUIHOCTh CEPUU
U3MepeHuit mo gpopmyiie

no(Ax)? (3,16
)7 316 g 49

AS - = —
Sx n(n—1) 90

9. 3agaguMcs 3HaueHHueM HajeKkHocTH a = 0,95.

10. Onpenenum ko3 punment CtbroeHTa t, 17151 BRIOPAaHHOTO
3HAYEHUS HAJEKHOCTHU & U yncia creneHer ceoooabl f=n - 1 =9.11o
[Tpunoxenuto b ycranaBimBaem t, = 2,26.

11. Haxomum rpaHuibl JOBEPUTEIBLHOTO UHTEPBAJIA

Ax =t,AS3=2,26+0,19=0,43, A.

12. OKOHYATENBHBIN PE3YIBTAT MOKEM 3alIMCATh B BUJIE X = X

+Ax =10,55+£0,43, A.

13. O1eHrM OTHOCHUTEIBHYIO MOTPEITHOCTh PE3yJIbTaTa CepUH

o Ax 0,43
M3MEPCHUH € = —— — 100% = 4%.

14. JlemaeMm  BBIBOA: JUIT ~ Hay4YHO-HCCJIE€O0BATEIbCKUX
U3MEPEHUM cilyyaliHass mnorpemHocTb 4%  SBIAETCS  BIIOJHE
IONYCTAMOM.
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3.4 O6paboTKa pe3yJbTaTOB KOCBEHHBIX U3MEPEHUI

B psane cnyyaeB MHTEpecyrolias HaC BEJIMYMHA 4 HE MOXKET
OBITh M3MEpPEHA HEMOCPEACTBEHHO, U PACCUUTHIBACTCS KaK (DYHKIUS
IPYTUX OJKCHEPUMEHTAIBHO HW3MEPEHHBIX BeJIWYMH. B  Takou
cuTyauur (QyHKIMOHAJIbHAS 3aBUCUMOCTh MEXAY BEJIWYMHOU a U
U3MEPEHHBIMU BETMUYMHAMU UMEET BU]I

a=1(x,y,z...) (3.16)

HpI/I 9TOM KaXXJasd W3 HU3MCPCHHBLIX BCIHWYHUH HWMCECT CBOIO
IMOrpeIHOCTb.
B X04€ OJKCICpUMCHTA BCIIMYUHBI X,),Z,... MHOI'OKPATHO

MU3MEPSIOTCS B MIICHTHYHBIX YCITOBUAX. [10 MOTyd4eHHBIM pe3yibTaTaM
VIS Ka)KJIOTO M3 HUX MOXKHO BBIYHMCIUTH CPEJIHHUE CTATUCTHUYCCKUC
3Ha4YeHus X,Y,Z,... 10 IpUBeIcHHON paHee hopmyie (3.2).

CpenHee 3HaucHUE (DHU3UYECCKOM BEIMYHMHBI a MOXHO
pacCcUMTaTh MO CPETHUM 3HAUCHHSIM U3MEPECHHBIX BETUYHH. Torma Mbl
TIOJTYYUM CIISAYIOIIYI0 3aBUCUMOCTD

a=1fXyz..) (3.17)
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B »TOoM ciiyyae corjacHO MaTeMaTH4YECKONl CTaTUCTHUKE
JIOCTUTAETCS HauWlydliee MNpUOIMKEHUE K HUCTUHHOMY 3HAYCHUIO
BenuuuHbl a. [locnme BbIYMCICHUS MNPUONMKEHHOTO 3HAYCHMUS
UCKOMOW BEJIMYMHBI a = a HEOOXOJAMMO TIPOBECTH OLECHKY
MNOTPEUTHOCTH  TMOJYYEHHOr0 TPHUONMKEHHS, pa3yMeeTcs, IpH
BBIOPAHHOM TOBEPUTEIHLHON BEPOSITHOCTH Q.

O0603HaYMM aOCOTIOTHBIE MOTPEITHOCTH U3MEPEHHBIX BEJIMUUH
Ax, Ay, Az. Ilo »>TuM 3HaYeHUSIM HEOOXOAWUMO BBIYHCIUTH
a0COJIIOTHYIO M OTHOCUTEJIbHYIO MTOTPEITHOCTH KCKOMOM BEJIMYMHHBI a.

Dta 3ajaya pemaeTcs ¢ MOMOIIbI0 MaTEeMaTHYECKOT0 almapara
Teopun TpuOMDKeHHBIX uyucen. [locne mnorapudmupoBanus wu
mudepennpoBanust BeipakeHus (3.16) noayyum

da _ of(x) , of(y) , of(2)
a f(x) f(y) f(z)

+ oo (3.18)

OOBIYHO cITyyallHbIE TMOTPEIIHOCTA HW3MEPEHHBIX BEJIUYUH
HAMHOT'O MEHBIIIE COOCTBEHHBIX 3HAUYCHUM 3THX BEJIMYUH, TO €CTh AX
<<X; Ay <<y; Az << Z, ... B pe3ynpraTe MOXHO C JOCTaTOYHOM
TOYHOCTHIO OECKOHEYHO Majible BEJIMYMHBI B ypaBHeHUU (3.18)
3aMEHUTHh HA KOHEYHBIE U3MEHEHHUS

ha _ Af(x) Af(y) | Af() |

= . A
2t oy Tt (3.19)

B kypce maTeMaTH4eCKOM CTaTUCTUKE JOKA3bIBACTCS, UTO €CITU
U3MEPEHUE BEJIUYUH X, Yy, Z,... HOPOBOASITCA HE3aBUCUMO, TO
a0COJTFOTHAS OTPEITHOCTh Ad BETMYUHEI a, 3a7]aBacMasi MPU MOMOIIH
dbyukiuu (3.16), MokeT ObITh MPE/ICTABICHA B CICAYIOLIEM BUJIE

pa= |(Lax) +(Lay) + (Laz)' .. (3.20

of "
Tac a - IIPOU3BOJHAsA 110 ICPCMCHHOMU X, B3ATasA B TOYKC X = Xusm»

7] o
a_£ - IPOU3BO/IHAS T10 IEPEMEHHOM Y, B34Tasi B TOUKE Y = Y, 205

of .
Z - IIPOU3BOJHAA I10 ICPEMCHHOM Z, B34Tasd B TOUKC zZ = ZH3M;

Aa, Ax, Ay, Az, - cpeaHue KBapaTUUYECKUE MOTPEIIHOCTH;
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d
a—i AX coCTaBIsrOIIAs MOTPEITHOCTH, 00YCIOBICHHAS TIOTPEITHOCTHIO

U3MEPEHMS BEIMUYMHBI X, AHAIOTUYHBIA CMBICII UMEIOT U3MEPEHUS IPYTHUX
BEJIMYHUH Y, Z, ....

I[Io Buay QyHKIUOHAIBHOW 3aBUCHMOCTH BEJIMYHUHBI a OT
HEMOCPEACTBEHHO U3MEPSIEMBbIX BEJIMYMH PACCUMTHIBAIOT a0COIIOTHYIO Aa

Aa
W OTHOCHTENbHYIO — - 100% mnOrpemHoOCTH KOCBEHHO ONPEACIAEMBIX

BEJIMYMH. PaccMOTpMM  BBIp@KEHMS IO  ONPEACICHUIO  BEIWYHUH
MOTPEIIHOCTEH IS  HamboJjiee TMPOCTHIX M YacTO BCTPEUAOLIHUXCS
(GYHKIIMOHAJIBHBIX 3aBUCHUMOCTENH HCKOMOW BEJIMYMHBI OT H3MEPSEMBIX
XapaKTEPUCTHK.

1. ITycTh KOCBEHHO M3MeEpsieMas BEJIMYMHA a ABJISIETCS CYMMOW WU
Pa3HOCTHIO HEMOCPEICTBEHHO N3MEPSIEMbIX BEJIMYHUH X U Y, TO €CTh a = X £
y. Torma

_ Oa .aa_

a=X+y3 =15 =1+l (3.21)

A6COHIOTHYIO MMOrperHOCTb B JTdHHOM CJIYy4d€ MOKHO IIPCACTABUTH B
BHUC MTPOCTOI'O BBIPAKCHUA

Aa = /(Ax)? + (Ay)? (3.22)
4 OTHOCUTCJIbHYIO TIOI'PCIIHOCTD Sa B BUJIC OTHOIILICHUA

2 2
v (Ax)“+(Ay) (3.23)

X+y

a

2. I[OHYCTI/IM, 4TO BCJINYMHA a €CTh IIPOU3BCACHUC BCIIMYHUH X U Y, TO

_ __ Oa da
ecTb a = Xy. CleqoBaTeapHO, B 3TOM cllydae a = Xy, Pl £ oy X

AOcCoI0THas MOTrPENTHOCTD MPU 3TOM paBHA

Aa = \/§2(Ax)2 + X2 (Ay)>? (3.24)

OTHOCUTENbHAA TOTPEITHOCTD €, UMEET BHU]I

72 (A%)2+%2(Ay)?
— = ,

(3.25)

a
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Nnu nmocne npeoOGpazoBaHus

€, = (%)2 + (%)2 = /8,2( + €2, (3.26)

3. PaccMoTtpum citydaid, Korjaa BEJIMYMHA & paBHA OTHOILIEHUIO
BEJIMYUH X
Uy, TO ecThb a = Xx/y. JIjist 3Tol (PyHKIIMOHATIBEHON 3aBUCUMOCTH ONIPEACIIUM
YaCTHBIE TPOU3BO/IHBIC

da

1 a X
x y

d
= (3.27)

[Ipu 3TOM a0COMIOTHASI HOTPEITHOCTH OYIET paBHA

pa= (&) +(2)° (3.28)

A oTHOcHUTEIBHAS MMOTrpCIIHOCTDL OIIPCACIUTHCA U3 BBIPAKCHU A

e — Jg_;((g)h(’;;z)z): J(g)ﬂ(%y): lz+ez  (329)

CyuiectBytoT u 0ojiee CI0XHbIE (YHKIMOHAIBbHBIE 3aBUCUMOCTH
Buna a = f(x,y,z, ...). AHAIUTUYECKUE BBIPAKEHUS JJII HUX JAIOTCA B
CHEelUaIbHOM  JUTEpaType, TOCBAIICHHOW 00pabOTKe pe3yJbTaToB

U3MepeEHUil, Hanpumep, [10].

W3 mpuBENECHHBIX AHATMTUYECKUX 3aBUCUMOCTEH MOXKHO CHIENAaTh
BBIBOJ O TOM, 4YTO €cClu (PyHKUHMOHAJbHAs 3aBUCUMOCTH (3.16)
npeAcTaBiIsieT cOO0OM CyMMY WJIM Pa3HOCTh BEJIWYWH, TO JIErdye B Hayaje
BBIYUCIIUTh a0CONIOTHYIO TOTPEHIHOCT, Aa, a 3aTeéM OTHOCHUTEIIbHYIO
MOTPEIIHOCTh €,. Ecnu ke B pyHkiuu (3.16) B mpaBoif 4aCTH COAEPKHUTCS
NPOU3BEJICHUE WM OTHOUIEHWE AapryMeHTOB, TO IMpOIlIe B Hayaje
ONPENIETUTh OTHOCUTENBHYIO OTPEIIHOCTh APT'YMEHTA, 110 HEH BBIYUCIIHTh
OTHOCHUTEJIbHYIO MOTPEIIHOCTh €, BEJIMYHUHBI a, U 3aTE€M - aOCOJIOTHYIO
HNOTPEIHOCTh Aa, UCIIOJIb3YS BEIPAXKEHUE

Aa = g,a (3.30)
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AJITOpUTM oOmepanuii IO OIEHKE TOYHOCTA IIPU BBINIOJHEHUH
KOCBEHHBIX U3MEPEHUM BBITJISIAUT CIEAYIOIUM 00pa3oMm.

1. Insd Kaxkaou cepur U3MEPEHUM BEJIWYMH, UCIIOJIb3YEMBIX IPU
ONPEJCICHUN PACCMATPUBAEMOr0 IapaMeTpa, MPOBOAUTCS pacyer
MOTPENTHOCTH, KaK
3T0 ObUIO omucaHo paHee (cMm. moapasnen 3.3). Ilpu sToM s Bcex
U3MEPSEMBIX BEJIWYUH 3aJal0T OJHO U TO K€ 3HAYEHUE JOBEPUTEIHLHOU
BEPOSITHOCTH a.

2.HaxonsaT BeIpakeHHWEe Ji1 aOCOJTIOTHOM ¥ OTHOCHTEIHHOMN
MOrPENTHOCTE HMCKOMOM BEJIWYUHBI B COOTBETCTBUU C KOHKPETHBIM
BUJIOM (DYHKIIMOHAJIBHON 3aBUCHMOCTH OT HU3MEPSEMbBIX IapaMeTpOB.
Ecim TabnuyHoe 3HaYeHHWE TaKOW 3aBUCHMOCTH B JIMTEpAType
OTCYTCTBYEeT, TO (DYHKIMS BHayaje Jiorapudmupyercs, 3arem Oepercs
muddepeHirai, a 3aTeM YK€ BBIBOJAUTCS BBIPAXKECHUE JIJI TTOTPEITHOCTH
KOCBEHHBIX U3MEPEHUN I TaHHON (DYHKIIUH.

3. OLICHUBAIOTCS TPAHULIBI  JIOBEPUTEIBHOTO HMHTEpBaia IS
pEe3yIbTAaTOB KOCBEHHBIX U3MepeHun. [Ipu 3TOM ciieayeT yuuThiBaTh, YTO
710 HACTOSIIIET0 BPEMEHU HET YHUBEPCAIBLHOI'O CIOCO0A OIIEHKHU TPAHUI]
JTIOBEPUTEILHOTO MHTEPBAJIA MPU 3aJaHHON HAJAEKHOCTH ISl pe3yabTara
KOCBEHHBIX H3MepeHuil. PexomeHayeTcss Noib30BaThCAd JOCTATOYHO
npocteiM perientoM [10]. Ecaym KOJIMYECTBO HM3MEPEHUM KaxIOW U3
BelMurMH MeHbe 20, To morpemHocTd AX u Ay Onpenenstorcs C
noMouipl0 ko3 duurenta CTeioAeHTa ISl OHOTO U TOTO XK€ 3HAYEHUS
HAJIC)KHOCTH a.

4. OKoHYATENbHBIA PE3yIbTAT 3aMUCHIBACTCS B BUJIC a=atAa.

5. OnpenensieTcss OTHOCUTEINbHAS TOTPEMTHOCTD PE3YIbTATOB CEPUH
KOCBEHHBIX U3MEPEHUM.

Ipumep 3.2. O1ieHUTH NOTPEUTHOCTH ONpeAesieHHs KodphulrneHTa
MOJIE3HOTO JNEUCTBUS ACUHXPOHHOTO KOPOTKO3aMKHYTOT'O
ANEKTPOJBUTATENS, PAOOTAIOMIETO0 MPH TOCTOSSHHOW Harpys3ke, IO
JTAHHBIM 3aMEPOB MOIITHOCTH, TOTpeOIsieMo u3 ceTu (P6x) U MOIITHOCTH,
pa3BuBaeMor  3yekTpoaBurareinem (Psawvix). PesynbraThl  3amMepoB
MIPECTABIICHBI B TAOIHUIIE HIKE.

Pex, KBT 5,08 5,14 5,00 4,87 5,18 4,79 4,93

Peuix, KBT 4,63 4,42 4,48 4,56 4,52 4,50 4,59

Pemenne. 1. YcraHOBUM aHANMTHYECKYH) 3aBUCUMOCTBH JUISL pacuera

K03 PUIMEeHTa MOJIE3HOTO ACUCTBUS ACHHXPOHHOTO KOPOTKO3aMKHYTOTO
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anekTpoaBurarend. M3 kypca 3neKTpudecKrux MaliuH u3BectHo, uto KIT/]

PBbIX

ANIEKTPOJBUTATENS ompeensiercss mo dopMmyne 1 = -

BX

. O0o3HaUNM

U3MepsieMble BEJIMUYUHBI Yepe3 X U y. [IycTh MOIITHOCTE, moTpebiasiemas us3
ceTu, OyJET y, a MOIIIHOCTh, pa3BUBaeMasl JEKTPOABUTATENIEM, X, TOTAa
KIIJI OyaeT paBeH OTHOILICHHIO X/Y.

2.  BrimmoaauM 06paboTKy MOTYyUYEHHBIX IKCIIEPUMEHTANIBHBIX JAHHBIX
BEJTUYUHBI X.

Cpennee apuMeTHIECKOE 3HAUCHNE MOIITHOCTH HA BaTy

AIEKTPOJABUIATEIIS
_ 4,63 + 4,42 + 4,48 + 4,56 + 4,52 + 4,50 + 4,59
X =
7
= 4,53 kBTt
[TorpemHoCcTH OTAEHBHBIX U3MEPEHUN AX = X — X;:  Axq = —0,1;

Ax, = 0,11; Ax3 = 0,05; Ax, = —0,03; Axs = 0,01; Axg =
0,03; Ax, = —0. 06.

KBagparsl mOrpemiHOCTEN OTAEIBHBIX U3MEPEHUN
(Ax1)2 =1-1072; (Ax,)2 =1,2-1072; (Ax3)2 = 0,3 -1072;

(AX4_)2 = 0,1 -10 2; (AXs)Z = O, 1-10 2; (AX )2 = 0, 1-10 2;
6
(AX7)2 = 0,4’ -10 2.

Cpennsist KBaJpaTH4ecKas MorpeinHoCcTh

7 A2
Z:(llf—f’;')) \/3“0 — 0,03 xBr.

3amaemcs 3HaueHueM HaaexxHoctd a=0,95. s a =0,95 un="7
ko3(ppunment Cterogentat,= 2,45 (Ilpunoxenue b).
OnpenenuM rpaHuIlbl JOBEPUTEILHOTO HHTEpPBaIa

AX = t,Sg =2,45 - 0,03 = 0,07 kBT.
OTHOCI/ITCJ'IBH&?I HOI‘peIlIHOCTB HBMCpeHI/I}I BBIXO,Z[HOﬁ MOIITHOCTH

Ax 0,07
£ = 5 100% = 722 100% = 1,54%
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3. IIpoBenemM 00pabOTKY pe3yJbTaTOB U3MEPEHUM MOTPEOIIeMO U3

CETU MOIIHOCTH.
Cpennee apudMeTHIECKOE 3HAUCHUE MOIITHOCTH MOTPEOIIeMOM
AJIEKTPOJIBUTATENIEM U3 CETU COCTABJISIET

_ 508+5,14+ 5,00 + 4,87 + 5,18 + 4,79 + 4,93
y = - =5,00.

[TorpenmHoCTh OTAEIBHBIX U3MEPEHUN

Ay =y —yi: Ay; = 0,08; Ay, = —0,14; Ayz = 0; Ay, = 0,13;
Ay: = —0,18; Ay, = 0,21; Ay, = 0,07.

KBagpaTsl morpenmiHoCTEN OTACIBHBIX U3MEPEHUHN

(Ay1)? = 6,4-1072%; (Ay,)* = 2,0-1072; (Ay3)? = 0; (Ay,)?
1,7-107%; (Ays)? =3,2-107%; (Aye)? = 4,4 -1072; (Ayy)?
0,5-1072.

CpenHsisi KBapaTU4yeCKas MOrpeIIHOCTh

7 (Ay;)? 18,2 - 102
Sy = 1A _ =0,07.
n(n—1) 42

3amaemMcs 3HaYeHEeM HagexkHOCTH o = 0,95, Jlng a = 0,95 u f=n-
1=6 koapdunment CtorogenTa to= 2,45

['paHuUIIBl TOBEPUTEIHLHOIO HHTEPBAJIA
Ay = t, Sy =2,45-0,07 = 0,17 xBr.

OTHOcHUTENbHAS TOTPEUTHOCTh U3MEPEHHSI MOLITHOCTH
noTpeOasieMoi U3 CeTH

Ay 0,17
€, =—-100% = —-100% = 3,40%
y y 5
4. OmnpeneauM OTHOCUTENIbHYIO MOTPEITHOCTh KOCBEHHBIX
u3MepeHu KodhPuIMeHTa MoJIE3HOT0 JSHCTBUA.

= €% + €2 = /3,402 + 1,542 = 3,73%

€

5.Paccuutaem aOCONIOTHYIO OTPEIIHOCTh U3MEPEHUS
Kod(phuIreHTa Moae3HOTo AeUCTBUS

Am = (AX)2+<>—<Ay>2 B <0,07>2+<4,53-0. 16)2 003
=\ 72/) ~ J\5 00 5.002 )
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6. Takum oO6pazoM, K03 PHUIMEHT MOJIE3HOTO JSUCTBUS IO pe3yabTaTaM

U3MEPEHUN HAXOAUTCS B JUATIA30HE

4,53 5
- 500 = 0; 91 + 0, 03¢ JOBECPUTCIIBHOU BEPOATHOCTHIO A =

0,95.

3.5 Onpenenenne napaMmeTpoB IMIIUPUUECKUX 3aBUCUMOCTEN METO/IOB
HaNMEHBIIMUX KBAIPATOB

B npempimymeM monpasiene  pacCMOTPEH  BONPOC — OLEHKH
NOTPEUIHOCTH U3MEPEHUN (PU3NYECKON BEIMYMHBI, €CJIM OHA B MpoLEcCe
ombITa OCTaeTcsi Heu3MeHHoW. OjHako ObIBAIOT Ciy4yad, KOTIJa
OLICHWBAEMas BEJIMYMHA B XOJI€ YKCIIEPUMEHTA U3MEHSETCS B 3aBUCUMOCTH
OT HEMOCTOSHCTBA JIpYroil BeauuuHbl. B 3TOM ciydae nBe ¢u3znueckue
BEJIMYMHBI CBS3aHbl MEXIY COO0M PYyHKIIMOHATBLHON 3aBUCUMOCTHIO.
[IpennonoxuMm, 4YTO B pPE3yJbTATE OSKCIEPUMEHTAa Mbl IONYYWINA Psif

3HAUYECHUI BEJIUYUHBI V: Vq, V2, .., Yn, KOTOPBIE ABIAIOTCSA PyHKIMEH IpYyroi
BEJIMYUHBl X: Xq,X2,...,Xp. 3aBUCHUMOCTb MEXIAY X M y MOXKET OBITH

npejacTaBieHa rpauuecky B BUAE TOUEK.
YA

°
40 + °
@ g ® :
30 + ¢
Y
20 + L
°
[
10 1
: ! — ! -
0 1 2 3 4 5 6

Pucynok 3.2 — [lonokeHus: SKCIEPUMEHTAIIBHBIX 3HAYEHU I

3agadya 3aKJIOYaeTCss B TOM, 4YTOOBI MO JaHHBIM JKCHEPUMEHTA
MOCTPOUTDH KPUBYIO, KOTOPAsi TPOXOAMIa Obl KAK MOKHO OJIMKE K UCTUHHOM
dbyHkImoHanbHOM 3aBucuMocTu y = f(X). Ilpu 3TOM MO OTHOIIEHUIO K
MCKOMOU KPHUBOM SKCIIEPUMEHTAIIbHBIE TOYKU MOTYT OBITh CMEIIICHBI, KaK B
CTOPOHY MEHBIIUX, TaK U OOJIBIIUX 3HAYCHUIA.

CornacHo TeOpUH BEPOATHOCTEN HAMITYUIIUM MPUOIUKEHUEM OyeT

55



Takas nOpsMas WIM KpUBas JIMHUSA, UL KOTOPOM CymMMa KBaJpaToB
PaCCTOSIHUM IO BEPTUKAIM OT TOUEK JJ0 KPUBOW OyI€T MUHUMAJIBbHON. DTOT
METO/I Ha3bIBAE€TCS METOAOM HAMMEHBIIINX KBAJAPAaTOB.

MaremaTu4ecKkuil Mporecc IOUCKAa HAWIIYUILIETO COIJIACUS MEXKIY
AKCIIEPUMEHTAIbHBIMU JAHHBIMA W TEOPETUYECKOW KPHUBOM HA3BIBACTCS
anmnpokcumanued. Jlpyrumm cioBamMu, TMPH  annpoOKCUMALMA — Ham
HEOOXO/IMMO 3aMEHUTh DKCIIEPUMEHTAJIbHBIE TOYKHW KPUBOUM, HMMEIOIIEH
HauOoJbIIee NPUONMKEHHE K JKCIEPUMEHTAIBHBIM JaHHBIM. Takas
(GyHKIIMS HA3bIBAETCS allTPOKCUMHUPYIOIIEH.

Meron anmpoKCHMalMy 3aKI4YaeTcs B TOM, YTO B KAadyeCTBE
3HAYCHUU
UCKOMBIX  TIapamMeTpoB a, B, C, ... BBIOMPAIOTCS  BEIUYUHBI
MHUHUMU3UPYIOLINE CYMMY KBaJIpAaTOB Pa3HOCTEN U3MEPEHHBIX B IIPOLIECCE
OTbITa BEJIMYUH Yy U COOTBETCTBYIOIIMX BBIYMCICHHBIX 3HaueHuit f(xi, a, b,
c,.)

q-= Z?:l[f(xil a, b! C, ) - Yi]2 (331)

Bennuuna q nipeacrasisier coO0i ONMpEeAEIEHHYI0 MEPY OTKIIOHEHHS
AKCIIEPUMEHTAIBHBIX PE3YJIbTATOB OT IIOJyYa€MbIX TEOPETUUYECKU. B
JNaJbHEUIIIEM 3a/aya 3aKIIFOYAETCS B HAXOXKICHUW YUCIICHHBIX 3HAYEHHUMN
napaMeTpoB a, B, C, ., IPU KOTOPbIX PyHKIHM q(a, B, C, ...) JOCTUTAET CBOETO
MUHUMYMa.

N3 wmaremMaTHyeckoro aHalin3a HU3BECTHO, YTO HEOOXOIMMBIM
YCJIOBUEM JKCTpeMyMa (YHKIHUM B ONPEACICHHOM TOYKE SIBISETCS
PABEHCTBO HYJIO B 3TOM TOYKE IEPBBIX YACTHBIX MPOU3BOJHBIX MO BCEM
apryMEHTaM.

IIpupaBHMBas TOJYYEHHBIE BBIPAXKEHUS YACTHBIX IPOU3BOIHBIX
HYJIIO:
dq/0a =0, dq/0b =0, dq/dc = 0,..., TOAYYNM CHUCTEMY ypaBHCHHIA
JUUI1 HEU3BECTHBIX 3HAYECHUM ITApaMeETpPoB a, B, C, U T. 1.

B pe3ynbrate pemieHUss CHUCTEMBI YPABHEHHN MOXHO TMOJYYUTh
YHCIICHHBIE 3HAYCHHS TApaMETPOB, KOTOPhIE 0003HAYNM HEU3BECTHLIMU a
B,C,HUT. .

[ToncraHoBKa 3TUX 4YKceNl B PYHKIIMOHATIBHYIO 3aBUCUMOCTh MEXKIY
y ¥ X TIa€T HaM OIpe/IeTICHHBIN BU alllPOKCUMUPYIOIIEH DYHKITUH

* __ * ko k
y* = f(x,a*,B"C,...,) (3.32)
C yderoM TOro, 4TO HEM3BECTHBIC YHCIIA a, B, C .. .3aMCHCHBI Ha
U3BECTHBIC a*,B*,C”,..., MOXHO I JIFOOOr0 3HAYeHHWE apryMeHTa X

BBIYUCINUTHL 3HaueHue ¢GyHkiuu y no ¢opmyne (3.32). Ctporo rosops,
anmnpokcuManuss QyHkuuu (3.32) sSBIASETCS HEKOTOPHIM MNPUOJIMKEHUEM

56



TeopeTuyeckoil kpusoit y = f (a, B, ¢, .).

Jluneiinaa annpoxcumayus. MeToj HAUMEHBIINX KBaJApaTOB B
OOJBIIMHCTBE CJydaeB MPUMEHSIETCS, eclu wuccieayeMmas (QyHKIus
ABIIIETCS JIMHEMHOM WM €€ MOXHO CBECTH K JIMHEWHOW C IOMOUIBIO
AJIEMEHTAPHBIX MPEOOpPa30BaAHUM.

[IIupokoe NpUMEHEHUE JIUHEWHOW anmpoKCUMAaIlluu OOYyCIOBICHO
BO3MOKHOCTBIO pa3jioKeHMs JII000M riankoi ¢yHkuuu B psag Teitaopa.
IIpn 3TOM Takoe pa3lioKEHUE MMEET XOPOIIYKD TOYHOCTh B HEKOTOPOM
WHTEPBAJIC 3HAYCHUN APTYMEHTA.

Urak, Mbl monaraem, 4TO MEXK]y BEJIMYMHAMU X U y CYIIECTBYET
JIMHEWHAs 3aBUCUMOCTD (XOTs ObI Ha ONPECIICHHOM HMHTEpPBaje 3HaUYCHUN
x). Torna pynkiuio y = f(X) MOXKHO 3amucaTh B CIEAYIONIEM BHUJIE

y =a+ Bx (3.33)
r7e o U B - HEKOTOpbIE MOCTOSIHHBIE KOA(DPUIIUEHTHI.
Koadduimmentsr a u B OyaeM onpenensith, MoJb3ysch SKCIIEPUMEH-
TaJbHBIMU JTAHHBIMU C MPUMEHEHUEM METO/1a HAUMEHBIIUX KBaJPaTOB.
Jlns Havana B BeIpakeHuU (3.33) 3aMEHUM HEU3BECTHBIE MOCTOSIHHBIE
o u 3 Ha epemeHHbIe a U b. CyMMa KBaapaToB Il TUHEWHOU (PYHKIIUU
(3.33) npuoOpeteT BU

q = Yi-1(a+ bx; + y;)* (3.34)

PaccmarpuBast pyHKIMOHAIBHYIO 3aBUCUMOCTH (3.34) MBI BUJIUM, UTO
BeJIMUMHA ( sIBJsieTCS (DYHKIUEH IBYX apryMEHTOB a U (, TaK KaKk
3HAYCHUS
Xi ¥ yi HAaMH TMOJy4YeHbl U3 ombiTa. CleaoBaTENbHO, HEOOXOANMO
BapbUPOBATh MEPEMEHHBIMH a M b J0 TeX MOp, MOKa BEJIWYMHA (, HE
JTOCTUTHET MUHUMYMA. [Toce 3Toro aJist mnocTosTHHBIX KO3 PUIIUEHTOB O U
B nuneitHoi 3aBucumoctu (3.33) MOXHO B3ATh HalJICHHBIC 3HAYCHMUSI
NEPEMEHHBIX a U b, KOTOpble MHUHUMM3UPYIOT BbIpaxkenue (2.34) npu
3aJaHHBIX 3HAYCHUSAX Xi U Yi.

OTtbickanue MUHUMYMa (QYHKIIMU IBYX NepeMeHHbIX d = f(a,b) npen-
CTaBJISIET COOOM TUMUYHYIO 3aJlayy MaTeMaTU4ecKOro aHanu3a. B Touke
SKCTpEMyMa [I€pBbIe YacTHBIE MPOU3BOAHBIC (, B3AThIE MO a U b
00paIarTcs B HYJIb

0q % .
—=0,-=0. (3.35)
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DTO yclIoBHE JAaeT HAM CUCTEMY JBYX YPaBHECHHU JJIsl ONpeeIcHuUs
JIBYX HEU3BECTHBIX a U b.

HudbdepenupoBanue mpaBodt yactu ypaBHeHuss (3.34) w
anreOpandeckue nmpeoOpa3oBaHus MPUBOAT CUCTeMY ypaBHeHui (3.35) k
cTaHaapTHON Gopme

aYiiix;+bYlx;+aYilxyi; (3.36)

n n
an + in + az Vi
i=1 i=1

@aKTUYECKH  Mbl  NOJYYaEM  CHCTEMY  JIByX  JIMHEHWHBIX
anreOpandecKux ypaBHEHUM JIJIsl IBYX HEM3BECTHBIX BEJIMYKH a U b.
Pemenue Takoil cuCTEMBI YpAaBHEHUN MOKHO 3aUCaTh B BUJIC

o = Cimaxi?) i v - Ciy x) (Big Xiyi)

2

(3.37)

b= Zit1 Xiyi— (it g X)) it q Vi) (3.38)
n ¥l xi2 (Tt xi) '
Kak cnenyer u3 Boipaxxenus (3.34) nanHasi KBaapaTUIHas
3aBUCHUMOCTD BCErjia OyJIeT MOJOKUTEIbHOM.
YacTHBIM Cly4yaeM JJMHEWHOM 3aBUCUMOCTH SIBJISICTCS
IPONOPIHUOHATBHAS 3aBUCUMOCTh

y = BoX (3.39)

[Ipumensist MeTo ] HaMMEHBIITHUX KBAJPaToOB, 3aMeHUM [ Ha by,
MOJIyYUM YPABHEHUE

q = Yiz1(boXi — yi) (3.40)

[TpousBoanyto q(b0) mo mapamerpy b0 npupaBHsiem HYIIIO,
MOJIyYUM ypaBHEHUE

2% 1(boxi —yi)x; = 0 (3.41)

N3 nonydyeHHOTo ypaBHEHUS BhIpa3uM BeauuuHy b0 uepes
pPEe3yIbTaThl SKCIIEPUMEHTA
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n
_ Zi=1Xi¥j

by = S (3.42)

Ne tiOC i, OM tiz tiri r(ti) Ari

| 20,00 85,90 400,00 1718,00 86,04 - 0,14

2 25,00 87,08 625,00 2177,00 87,84 - 0,76

3 30,00 90,62 900,00 2718,60 89,64 0,98

4 35,00 91,23 1225,00 3193,05 91,44 -0,21

5 40,00 93,16 1600,00 3726,40 93,24 - 0,08

6 45,00 95,06 2025,00 4277,70 95,04 - 0,02

7 50,00 96,41 2500,00 4820,50 96,84 - 0,43

CymMma 245,00 639,46 9275,00 | 22631,25 640,08
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Pemenne. 1. W3 Kkypca D3NEKTPOTEXHUKUM H3BECTHO, YTO
3aBUCUMOCTHCONPOTUBIICHUS HEHU30JIMPOBAHHOIO MPOBO/IA oT
TEMIIEpaTypPhbl MOKHO IIPEACTAaBUTE B CICAYIONIEM BUIE I' = Iy + at.

2. 3aMeHHMM MapameTphl Io U @ Ha @ U b COOTBETCTBEHHO, MOJTYYUM
ypaBHEHHE r=a+bt.

3. Tlo ypaBuenuto (3.37) onpenenuM 3HaYeHUE apaMeTpa a

q = G xR y) — Cie x) i X3 ¥7) _

n Z?ﬂ Xi2 — (Z?:l Xi)z

9275,00- 639,46 — 245,00 - 22631, 25
B 7-9275,00 — (245,00)2

= 78,84 Om

4.  Tlo ypaBuenuto (3.38) paccuntaem 3HaueHue kodpduimenta b

ic1Xiyi — Qitix) ik y) _

b
_ 7-22631,25 — 245,00 639,46 0 36 OM
B 7-9275,00 — 245, 002 T e

5. OyHKIMOHAJIBbHYI0 3aBUCUMOCTh I = Iy + at 3anumem B
caenyromieM Buge r = 78,84 + 0, 36t, Owm.

6. Jlns cpaBHEHHS MOJIYYEHHBIX B PE3yJbTaTe aNMPOKCUMAIUH
JAHHBIX C AKCINEPUMEHTAJIbHBIMU JAaHHBIMU B 6 M 7 cTOnOIAaxX TaOJIMIIbI
MOMEIIIEHBI MTOJYYEHHBIE PACYETOM 3HAUYCHHS.

7. Iloctpoum rpaduk aIrMpOKCUMUPYIOLIEN KpUBOWU U
AKCIIEPUMEHTAIBHO MOJYYeHHBIE TOYKH (PUCYHOK 3.3).

Henunennan  annpoxcumayus. HenuHelrHyo  anmpoOKCHUMALHIO
MOYKHO MPUMEHUTH I KBaJpaTHYHOH 3aBHCHMOCTH THM y = +bx + cx?
[10], a Tak:ke HEKOTOPHIX CIIy4aeB HEJIMHEWHBIX 3aBUCUMOCTEN, HAIIPUMED,
VIS ypaBHCHHUS THIA y = o€ Y'Y, MOBOJIBHO YacTO HCIIOJIb3YEMOTO B
AJIEKTPOTEXHHUKE.

Paccmorpum  3TOT  BOOPOC  NPUMEHUTEIBHO K  IIOCIEIHEUN
3aBHCUMOCTH 0oJiee moapoOHo. B 3ToM cirydae 1enecoo0pa3Ho UCKaTh HE
MHHUMYM CyMMBI KBajapaToB (yHKIMH Yo ,(y; — ae Y92 a mMunnmym
CYMMBI KBaJJpaTOB OTKJIOHEHUH jorapudmMoB 3Tux GyHKuui i 4 [Iny; —
In(ae™Y7)]?
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Pucynok 3.3 — DMmnmpuyeckas 3aBUCHMOCTb JJIEKTPUYECKOTO CONMPOTUBIICHHUS
HEW30JUPOBAHHOTO MPOBOJIA OT TEMIEPATYPHI (TOUKH COOTBETCTBYIOT PE3YJIHTATAM
U3MEpPEHUN)

B pPeE3yJIbTAaTC MbI I1OJIYYUM CUCTCMY ypaBHeHI/II;'I

n
1
—z (Iny; —Ina+ e %) = 0;
@ i=1
(3.43)
iri(Iny;—Ina+yt)t; = 0.

ITocne npeoOGpa3zoBanus cucTeMa ypaBHEHU OyAET BITIISAIET
CJIeIYIOIIHUM 00pa3oM

n n
—eri —Ina = ZIHYi
i=1 i=1
n n
—erl-z + zrilna = Z‘ti Iny;
i=1 i=1

n
i=1

(3.44)

Pemienne cucteMbl anreOpandyecKUx ypaBHEHHMH  I103BOJISIET
OTIPEACIUTh TTapaMeTprl ¥ U In a

— (ZL,t)EiLIny;))-nTL, tilny;

nyl, tu?-(SL, u)”

v (3.45)
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n_2\(yn N—(SD V(ST T In v
Ina = (21=1T1 )(21=11n3’1) (21=1T1)(21=1T1 Iny;) (3.46)

n¥iL, Tiz_(zin=1 Ti)z

IMpumep 3.4. Ilporecc M3MEHEHHS aMIUIMTYAbl TOKAa KOPOTKOIO
3aMBIKaHHS B JIEKTPUYECKON CETU C TEUEHUEM BPEMEHM T MPU HEKOTOPBIX
JTOMYIICHUSX MOKHO ONMKCAaTh YOBIBAIOIIEH SKCIIOHEHIIUAIbHOU (hyHKIUEH
BUJIA ¢ = Ppe O, rie p - aMIIMTyna TOKa KOPOTKOTO 3aMBIKAHHS; g -
aMIUTUTy/la TOKa B HAYalbHBIK MOMEHT BpeMeHH; & - KodpdUireHT
3aTyXaHHus; T - BpEMSI.

Pe3ynmbraThl  AKCIIEpUMEHTAIBHOTO  HWCCIENOBAHUA  U3MEHEHUS
aMIUTATY]IbI TOKa KOPOTKOT'O 3aMbIKaHUs MPECTABICHBI B CTOJONAX 2 U 3
TaOJIUIIBI.

i Tj, MC @;, A T In @; T In @
1 4,00 55,00 16,00 4,00 16,00
2 11,00 50,00 121,00 3,91 43,01
3 20,00 45,00 400,00 3,81 76,20
4 36,00 40,00 1296,00 3,69 132,84
5 49,00 35,00 2401,00 3,56 174,44
6 66,00 30,00 4356,00 3,40 224,40
7 83,00 25,00 6889,00 3,22 267,26
8 111,00 20,00 12 321,00 3,00 333,00
9 148,00 15,00 21 904,00 2,71 401,08
10 199,00 10,00 39 601,00 2,30 457,70
11 280,00 5,00 78 400,00 1,61 2 309,50
CymmMma 1007,00 167 705,00 35,21 2 576,73

BrInosHUTE HETMHEHHYIO alllPOKCUMAIINIO SKCTIEPUMEHTAILHON KPUBOM
Pemenue: 1. 3amenum mokazarenu @g U & Ha o u y. B pesynbrare

NOJTyYrM ypaBHEHHE p = ae V",
2. BemmomHMM pacder TPOMEKYTOYHBIX 3HAYCHUH JJI1 TIPOBEICHHS
nocieayrnmx pacueroB no dopmynam (3.45), (3.46). PesynbraThl 3aHeCEM B

Ta0IuUILy.
3. Omnpenenum 3HaueHue y no gopmyre (3.45).

__1007,00-35,25-11-2576,73
- 11-167705,00-1007,002

=8,56-1073.

4. PaccuuTtaem 3HaueHue napamerpa Ina o Beipaxkenuio (3.46).
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167705,00 - 35,21 — 1007,00 - 2576,73 208
11-167705,00 — 1007,002 o

In

5. Tlo Tabnuile HaTypaJbHBIX JOrapuMOB OIMpEAeNiieM 3HAaYeHUE & =
54 A.

6. Takum o00Opa3oM, ypaBHEHHE, OMHUCHIBAIOIEE MPOILIECC H3MEHEHUs
aMIUTUTYIbl TOKa KOPOTKOTO 3aMBIKAHUS B DJIEKTPUYECKON CETH, OyJIeT UMETh
BU/I

- 103t
@ = 54e-85610
3.6 KoppensiiMoHHBIN aHaIW3 SKCIIEPUMEHTATIBHBIX JaHHBIX

Muorue  ¢usMueckde  BEJIMYMHBI  CBSI3aHBI  MEXAY  COOOM
omnpeaesieHHON (PyHKIIMOHAILHON 3aBUCUMOCThIO0. Hanmpumep, 3akon Oma
BBIPAXAaET JIMHEWHYI 3aBUCUMOCTh TOKa HA Y4YacTKE LENH OT MHaJCHUs
HaIpPsDKEHUS Ha 3ToM ydacTke. OgHako, B psjie ciiydae BUJl 3aBUCUMOCTHU
MEXIy (U3UYECKUMH BEJIMYMHAMH HE M3BECTEH, BEJIMYMHBI MOTYT OBIThH
HE3aBUCUMBIMHU WJIHA CYILIECTBYIOT COMHEHHS B HAIMYUM TaKOW CBSI3H.

Cratuctuka paspaboTtajia 3HAUUTEIBHOE KOJMYECTBO METOJIOB
U3YUYCHUS CBSI3CH MEXKIy UCCIIeTyeMbIMU BETMUYUHAMMU.

UccnenoBanve NOPUYMHHO-CIEACTBEHHOM CBSI3M MEXKAY JABYMS
BEJIMYMHAMU X U Y MPOBOJUTCS MyTEM U3MEPEHUS 3HAUCHUS BEJIUYUHBI Y
OpU Pa3IMYHBIX 3HAYCHUSX BEJIMUYMHBI X. IIpm »TOM X Ha3bIBaeTCs
(dakTOpOM, a y - pe3yJbTATUBHBIM MPU3HAKOM.

[To monydeHHBIM pe3yJibTaTaM JelaeTcsl BBIBOJ O CBSI3M WIH
HE3aBUCUMOCTHU (PU3HYECKHUX BEJIUYMH X U Y. [Ipr 3TOM HY>KHO yUUTHIBATb,
YTO U3MEPEHUS BHOCAT MOTPEITHOCTb.

[Tockonbky mpu WM3y4YeHUU (PU3UUYECKUX 3aBUCUMOCTEH BO MHOTHX
CIIy4asiX Mbl UMEEM JIEJIO CO CIIyYalHbIMU BEIMUMHAMHU, TO B 3TOU CUTyaLIUU
FOBOPAT O  CTOXAaCTUYECKOM  3aBUCUMOCTH. YacTHBIM  Cllyyaem
CTOXACTUYECKON 3aBUCUMOCTH SIBJISIETCS KOPPEJSIIIMOHHAS CBSI3b, IPH
KOTOPON H3MEHEHUE CPEIHEr0 3HAYECHUsl pPe3yJIbTATUBHOIO IIPU3HAKA
00yCJIOBIIEHO U3MEHEHNEM (DaKTOPHBIX MPU3HAKOB.

Ha nmpaktuke 3a4acTyto ObIBa€T TPYIHO IO pe3yIbTaTaM dKCIIEPUMEH-
TaJbHBIX UCCIICIOBAaHUN Ha TJIa3 OMPEAEIUTh CTPOryr0 (PYHKIIMOHATLHYIO
3aBUCHUMOCTh M3-32 HAJIWYUsl 3HAUYUTEIBHBIX MorpemHoctei. IloaTomy
HEOOXOAMMBI ~ MaTeMaTH4YeCKUEe  METOJbl  aHalu3a  B3aWMOCBS3H
NEPEMEHHBIX X U Y.

CBsi3p MEXJy BEJIMYMHAMHM X M Y MOXHO KJIaCCU(DUIIMPOBATH Kak
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npsiMyr0 U oOpatHyro. Ilpu mnpsmoil CBsi3M C yBEIMYCHUEM WU
YMEHBIICHUEM X MPOUCXOJUT YBEIWYCHHUE WJIA YMEHBIICHHUE 3HAYCHHUS
PE3yIBTaTUBHOTO MPHU3HAKA.

[To aHaMUTUYECKOMY BBIPAKEHUIO CBA3U MOTYT OBITh JIMHEHHBIMU U
HEJIMHEWHBbIMU. ECaM cTaTHCTHYECKass CBA3b MEXKIY BEIWYMHAMHU X U Y
MOXXET OBITh MPHUOJIKEHHO BBIpAXKEHA ypaBHEHUEM MPSMOW JIMHUH, TO
TaKasl CBA3b SABJIACTCS JIMHEWHOM. ECU K€ OHAa BBIPAXKAECTCS YPABHECHUEM
KpUBON JuHUM (mapadoJibl, THUINEPOObl, SKCIOHEHThI, CTCIECHHOU
(GYHKIIHMH), TO TOBOPAT O HEJIMHEHHOMN MJIM KPUBOJIUHEHHOMN CBSI3U.

B3aumocCBsI3b NMpU3HAKOB X M Y H300pakaeTcs rpaduyecku ¢
MOMOIIIBIO MOJISI KOPPEIISIUH.

[ ]
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Pucynok 3.5 — OOpatHas (oTpuLiaTesabHas) perpeccus B3auMOCBSI3aHHbBIX IPU3HAKOB X U Y

B cucreme kxoopAauHAT MO OCHM aOCHUCC OTKJIAIbIBACTCS 3HAUYCHHE
(dakTOpHOrO TIPHU3HAKA, a TI0 OCH OPJUHAT - PE3yJbTATUBHOTO MPHU3HAKA.
Yem cunbHee OyneT CBA3b MEXAY IPU3HAKaMU, TeM TecHee OyAyT
TPYIIHAPOBATHCS TOUYKH BOKPYT OMNPEACICHHOW JIMHHUH, BBIPAXKAIOIICH
dbopMy CBs3H.

B cratuctuke pasziMyaroT CleayOUMe BapUaHThl 3aBUCUMOCTH
UCCJICYEeMbIX BEJIUYHUH:

* TapHas KOppensAlus - CBSI3b MEXKIYy JBYMS IIPU3HAKaMU
(pe3ybTaTUBHBIM B (PAKTOPHBIM WIIH IBYMS (DAKTOPHBIMHU);

* YacTHas KOPPEJSNHs - 3aBUCHUMOCTh MEXIY pe3yJIbTaTUBHBIM U
ONHUM M3 (PAKTOPHBIX MPU3HAKOB MPU TMOCTOSHCTBE 3HAYCHHH APYTUX
(haKTOPHBIX MPU3HAKOB;

* MHOJXXECTBEHHAsl KOPPENAIHS - 3aBUCUMOCTh PE3yJIbTATHBHOTO
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Ipu3HaKa OT JBYX U OoJiee (PaKTOPHBIX MPU3HAKOB, MCIOJIB3YEMBIX MPU
IPOBEICHUH UCCIICIOBAHHS.

OCHOBHOW MPEANOCHUIKOW NMPUMEHEHHS KOPPEIALUOHHOTO aHAJIN3a
ABJISIETCSI HEOOXOJAMMOCTh MOJYMHEHHUSI COBOKYIHOCTHM 3HAYCHHU BCEX
(aKTOPHBIX MPU3HAKOB (X1, X2, Xn) U PE3YJbTATUBHOIO y Mpu3Haka k-
MEpPHOMY HOPMaJIbHOMY 3aKOHY paclpenesieHus Wiu OMU30CTh K HEMY.
Ecnu 00beM ucciaeayeMoi COBOKYITHOCTH JIOCTaTOYHO O0JibInoi (n > 50),
TO HOPMAJIBHOE pACOpPEICIICHUE MOXKET ObITh MOJATBEPXKACHO IyTEM
ucnoJib3oBanus kpurepusa [lupcona, Konmmoroposa u np. Ecim n < 50, To
3aKOH paclpeliefieHUs] HUCXOAHBIX JaHHBIX ONpeeseTcs Ha 0ase
MOCTPOCHUS U BU3YAIIBHOI'O aHAJIM3a MoJs Koppediuu. [lpu 3Tom, ecnu B
pPaCIoJIOKEHUH TOYEK HAONMI0MaeTcsl JIMHEHHAs TEHICHIMS, TO MOYXHO
OPEANONIOKUTh, YTO COBOKYITHOCTh UCXOJHBIX aHHBIX (Y, X1, X2, ..., Xp)
NOAYHUHSETCSI HOPMAJILHOMY PaCIpPEICIICHUIO.

KoppensimoHHbl aHanW3 HWMEET CBOEH IIEIbI0 KOJUYECTBEHHOE
ONpPEAEIICHUE TECHOTHI CBSI3U MEXK/ly MTPU3HAKAMU.

[IpocTeitiei, HO AOCTATOYHO WH(POPMATHBHON XapaKTEPUCTUKOU
TECHOTBI CBSA3M JIByX BEJIMUMH X U Y ABISETCS KOIPDUIIMESHT KOPPEIALIUH.
B Teopum BEPOSATHOCTEW ASTOT IMOKA3aTENb ONPEAEIAECTCA C IMOMOIIBIO
JIPYTUX BEPOSITHOCTHBIX XaPAKTEPUCTHK.

JIuneiHbi KOO PUIIUEHT KOppesIIU ObLT BIiepBhie BBEJEH B 40-x
rogax XIX cronerus [Ilupconom, SmxBopTrom n Bengonom. Ha nmpakTuke
OPUMEHSIIOTCSL  pa3iMuHble  Moaudukauuv  ¢GopMya I pacuera
Kod(pduieHTa Koppensiuu.

Hawnyummm npuOinkeHHbIM 3HaYeHUEM KO3 (D PUIIMEHTa KOPPEIALNH,
KOTOPBII MOHO BBIYUCIUTD C IOMOIIBIO PE3YJIbTATOB U3MEPEHUH,
SBJISIETCS] BEJIMUMHA Txy, ONIpeesisiemMas 1mo gopmyiie

rxy — Zi:l[(xi_i)(}'i_}_’)] (347)
Jz;;l(xi—i)z Jzz':l(yi—y)z

1 n X — n
pLi=1Xi Y = 2ic1 Vi

rae X =
Takum o6pazoM. HucienHoe 3HaueHUE KOA(DPUIIMEHTa KOpPEISIIUU
XapakTepu3yeT OJIU30CTh K JIMHEHHON 3aBUCUMOCTH MEXK Y UCCIIE Ty EMBIMH
BelmMuMHaMu X U y. llenecooOpa3HocTh npuMeHEHHs Kodd@HuIIMeHTa
KOppesiiuu O00YyCIIOBJIEHA B TOM Clly4yae, €CIM OJM30CTh K JIMHEWHOM
3aBUCHUMOCTH O0OOCHOBaHA TEOPETUYECKH U CBS3aHA C TE€M, YTO B MEPBOM
NPUOIMKEHUM MHOTHE CIO0KHBIE 3aBUCUMOCTH T0JIAratoTCsl JIMHEHHBIMH.
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JIuHeHbI KOADPUUIMEHT KOppEeIsUU UMEeT OO0JIbIIOE 3HAUYCHUE
IpU UCCIEIOBAHUU TMPOIECCOB W SBJICHUM, paclpeieicHue KOTOPBIX
OJIM3KO K HOPMaJIbHOMY.

KoadguumeHT koppeasiun UMeeT psiji BAXKHBIX CBOMCTB:

1. AGcomtoTHOE 3HaUeHUE KO3 DUITMEHTA KOPPEIALIMU HE MPeBbIIacT 1
(|rxy| < 1)HI/IH6171HLH71 KOA(DPUIIMEHT KOPPEISIIIUU U3MEHSIETCS B IIpeIeiax
oT (-1) mo (+1).

2. Jlerko [moOKa3pIBae€TCsA, 4YTO PaBeHCTBO rxy = 0 dABusAeTcA

HGO6XOI[I/IMI)IM N A0CTATOYHBIM JIs TOIO, YTOOBI BEJIMYHMHBI X U y OBLIIN
HC3aBUCHUMEI.

3. Ecau rxy = 1, TOo 3TO 03Ha4aeT, 4TO BCE TOUKH (X M y) HAXOIATCS Ha
IPsIMOM ¥ 3aBUCUMOCTB MEXIY X U Y ABJsieTCs QyHKIMOHAIbHOM (Y = kx +
b, k u b - mocTosiHHBIC BETUYNHBI).

4. KoaphuuueHT Koppeasaiun 0JHO3HAYHO OMPEACIISICT XapaKTep 3aBH-
cumoctn y = f(x). Eciu rxy > 0, TO BEJIMYUHBI X U Y OJHOBPEMEHHO
BO3pACTAIOT WK YOBIBAIOT (C TOYHOCTHIO 10 CIy4YalHBIX MOTPEIIHOCTEM).
Ecnu rxy < 0, To ¢ pOCTOM X BEJIMYMHA y YOBIBAET, & C YMEHBIICHUEM X -
BEJINUMHA Y PACTET.

3HAYUMOCTh JIUHEUHOTO KOA(DPUIIMEHTA KOPPEISIIIUU TTPOBEPAETCS
Ha ocHOBeE t-kputTepust CtbrojieHTa. [Ipu 3TOM BBIIBUTAETCSA U MPOBEPSIETCS
runoteza HO o paBeHnctBe koadpuninenta koppensiuu HyJio (rxy = 0). [Tpu
IPOBEPKE ITOW TMIOTE3bI UCTIONB3YETCA t-CTATUCTUKA

2

t, = li’fx (n—2) = Mz\/n —2. (3.48)
Yy 1-1%y
IIpu BemmonHenun Hp t-cTaTucTMKa HMEET pacHpeaeiiCHUE
CrpronenTta ¢ BXxoAHbMU mapameTrpamu (o, f = n - 2). Eciu pacuetHoe
3HaueHHeE t, O0JbIIe TAOJIUYHOTO 3HAUCHHUS ty, TO TUNIOTE3a Ho OTBEpraercs,
YTO CBHUJETEIBCTBYET O 3HAYUMOCTH JIMHEWHOro KO3 ¢ulneHTa
KOppeJsIMU, a, CIEAO0BATEIbHO, O CTAaTUCTUYECKOW CYIIECTBEHHOCTH

3aBUCUMOCTH MEXIY X U Y.
PaccmarpuBaeMblil KpUTEPU UCTIONB3YETCS TP YKCII€ HAOIIOICHU I
n<50. ITpu yucne nadmonennit n>100 MOKXHO TPUMEHUTH APYTYIO popMy

t-CTaTUCTUKHU

t, = |ryl Jn

1-rj
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Heo0xo1umMo OTMETHTh TaKKe, YTO €CJIM II0 MNpeaBapUTEIbHBIM
TEOPETUUYECKUM HMCCICAOBAHUSIM CBSI3b MEXKIY BEJIMYMHAMM B MPUHIIUAIE
HEJIMHEWHA,
MPE/ICTaBJICHHOM BH/IE SIBJISIETCSI HE KOPPEKTHBIM. B Takux citydasix aHaiau3
HEJIMHEMHOW CBSA3HM CJIEAYET MPOBOJUTH C IMOMOIIBIO TaK Ha3bIBAEMBIX

KOPPEISALMOHHBIX  OTHOIIEHUH.

TO

HCIIOJIB30BAaHUC

koadpuimenta

CIIEIMAIIBHOMN JIUTEPATYPE MO CTATUCTHUKE.

KOppEsLMA B

MCTO,Z[ HUX INPUMCHCHHUA HACTCA B

IIpumep 3.5. Ha oOCHOBaHMH SKCHEPUMEHTAIBHBIX JIAHHBIX O
JUIMTEILHOCTH (T) W aMIuiutyle (M) UMITYJbCHBIX HaMNpsHKEHUM B
AIEKTPUUECKON CETH, TIPEICTABICHHBIX B TAOJIHIIE, OLICHUTh TECHOTY CBSI3U
MEXKTy ITUMHU MapaMeTpaMH.

Hljn 1\:11(’(: u, kB | 1, -7 |w; — 0 | (1 —72) |(u; —u?)| (z; —D(u; — )
1 12 0,25 | -32,7 | -2,11 | 1069,29 4,45 69,00
2 18 0,75 | -20,7 | -1,61 | 712,89 2,59 42,99
3 22 1,30 | -22,7 | -1,06 | 515,29 1,12 24,06
4 25 1,70 | -19,7 | -0,66 | 388,09 0,44 13,00
5 30 2,20 | -14,7 | -0,16 | 216,09 0,026 2,35
6 41 2,70 -3,7 0,34 13,69 0,12 1,26
7 49 3,00 4,3 0,64 18,49 0,41 2,75
8 60 3,50 15,3 1,14 234,09 1,30 17,44
9 80 3,70 | 35,3 1,34 1246,09] 1,80 47,30
10 110 | 4,50 | 65,3 2,14 4 264,09 4,58 139,74

Cpennee | 44,7 | 2,36 8678,1 16,84 359,89

Pemenwue 1. BemomHuMm pacuer NpoMexyTOUYHBIX BEITUYHH,
pe3yJIbTaT 3amuiineM B Tabnuily (CTooIsl 4 - §).
2. Ilo dQopmyne (3.47) ompenenum 3HadueHue kod(hPuuHeHTA
KOPPEIISIIH

Fra = = )
(P 02 [T -z VESTBAVIES

Ziz1 (6 =) (u;—)

359,89

= 0,94.

Pe3ynbTatr CBUAETENBCTBYET O CHIIBHOW MPSAMOM 3aBUCUMOCTH
MEK]Ty U3y4aeMbIMU MPU3HAKAMH.
3. IIpoBepum 3HAYUMOCTH KOd(PueHTa Koppesanuu (hopmyia

3.48)
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_ eyl s 094 —5 _
t, = 1_r)%y\/n 2= ———10-2=8,00.

IIpu ypoBHe noctoBepHocTH O=0,95 u yuncie creneHeir cBOOObI
f=10-2=8 no tabnuue t-kputepus Crprogenta ([Ipunoxenune b) Haxonum
te=2,31. Tak kak t,=8,00 >ty =2,31, 10 runoreza HO orBepraercsi, 4ro

CBUJICTEILCTBYET O 3HAUMMOCTH TAHHOTO KO3 PUIIMeHTa KOPPEISAIIUH.
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4 IlnanHupoBaHMe IKCIICEPUMEHTOB

4.1 O0me noJIoKEHUS

[IpoBeneHre SKCIEPUMEHTANbHBIX HCCIEAOBAaHUN MpeAIoiaract
HaJIM4Me  ONPEACIICHHOrO  IlJaHa WX  BbIMOJHEHWS.  OOBIYHBIM
(«TpagUIIMOHHBINY) METOJ] HWCCISIOBAaHUS HANpaBiIeH Ha OTBICKAHUE
JETEPMUHUPOBAHHOM (o1HO3HAYHOM) 3aBUCHUMOCTH MEKTY
MHTEPECYIONTUM HAac MapaMeTpoOM W BIMSIONIMMH Ha Hero (akTtopamu. B
TOM clly4ae BJIUSHUE (PAKTOPOB M3ydaeTcs pas3jelbHO, TO €CTh
BBIOMPAETCS U BapbUPYETCS KaKOW-IM00 (pakTop, a Bce Apyrue (pakTopsbl
buKCUpyrOTCs ()11 TaHHOTO OIBITA) Ha 3apaHee BHIOPAHHBIX YCIIOBHUSX.
3aTeM TakuM JK€ IyTeM H3ydaeTcsl BIMSHHE BTOPOTO, TPETHETO M BCEX
apyrux (axropos. Ilpu OosbiioM umciie paccMaTpuBaeMblx (PaKTOpOB
00BbEM DKCIIEPUMEHTAIBHON PabOThl CHUIBHO BO3PACTAET, M B TO JKE€ BpeMsI
TIOJIYYEHHBIE BBIBOJBI MPEICTABIISIFOT JUIIL YaCTHBIN cirydaid. [Ipu Takom
MOJIXO0/I€ HE yIA€TCs OLICHUTH POJIb B3aUMOICUCTBUS (PaKTOPOB U OTHICKATH
ONTUMAJILHOE COYETAHUE JCUCTBYIOMMX (HAaKTOPOB.

['1aBHBIA HETOCTATOK TPAJUIIMOHHOTO METOJa 3aKIIF0YacTCsS B TOM,
YTO MPU MCCICIOBAHUSAX HE BUJIHO HAMpABIICHHS ABWIKEHUS B TIOUCKE
ONTUMAJbHBIX YCIOBHHW NPOTEKaHHUsS IPOIEcca, TO ©CTh JKCIICPUMCHT
OKa3bIBaCTCs TAaCCUBHBIM. BMecTe ¢ TeM paccMaTprBaeMbIii HEOCTATOK HE
OTMEHSIET TpaIUITMOHHBIX METO/IOB npu UCCIIEIOBAaHUU
JICTEPMUHHUPOBAHHBIX BEJIMUUH WJIU TTOCTAHOBKE MPOCTHIX OJTHO(DAKTOPHBIX
OKCIICPUMEHTOB, a BOT TNPH HAJIMYHH HECKOJbKUX BO3JCHCTBYIOIINX
(GakTOpoB  11€J1€COO0pPa3HO  KCIOJIb30BaTh  TEOPHUIO  IJIAHUPOBAHUS
sKkcepuMeHToB. WTak, i moBbIICHUS  A(PGHEKTUBHOCTH  IKC-
NIEPUMEHTAJILHBIX HMCCIICIOBAHUN HEOOXOJIMMO MPOBOAUTH OIBITHI TAKHM
oOpa3oM, dYTOOBI TIPU HUX MHUHUMAJILHOM KOJHMYECTBE IOJYYUTH
ucYepnbIBarolyo nHpopManuo 006 00bekTe ucciaeaoBanus. s 3Toro u
UCIIOJIB3YETCS TJIAHUPOBAHUE SKCTIEPUMEHTOB.

[InanupoBaHre SKCIIEPUMEHTA - TO METO]I BBIOOpA YKCIIa U YCIOBUI
€ro MPOBEJICHHS, MHHHMAaJIbHO HEOOXOIMMBIX M JOCTATOYHBIX IS
perieHus MMOCTaBICHHON 3a/1a4u ¢ TPEOYyeMOU TOUHOCTBIO.

B mpomecce mimaHupoBaHMS OKCIEPUMEHTa TPEIyCcMaTpUBacTCs
ompenieiecHne 00beMa OMBITOB, KOTOPHIE TMPOBOJATCA IO 3apaHee
COCTaBJICHHON CXE€M€ B 3aBMCHMOCTH OT IEJIH U 3a/lad HCCIICOBAaHUMU.
Korna B skciepuMeHTe y4acTBYIOT HECKOJIBKO (haKTOPOB OJHOBPEMEHHO,
TO TaKOM IKCIEPUMEHT Ha3bIBaeTCsl (PaKTOPHBIM.
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OCHOBHBIE  MNPEUMYIIECTBA IUJIAHUPOBAHUS  MHOTO(AKTOPHOTO
JKCIIEPUMEHTA CBOJSTCA K CIECAYIOIIEMY:

* 3HAYUTEIBHO COKPAIIAETCS YUCIIO OMBITOB IO CPABHEHUIO C
TPAJAUITHOHHBIM METOJIOM;

* YMEHBIIIAETCS BpeMsI Ha MPOBEJICHHUE OIBITOB U 3aTPAThl
MaTepUAIbHOTEXHUYECKUX PECYPCOB;

* YBEIWYMBAETCA EMKOCTh IKCIIEPUMEHTA 3a CUET PACCMOTPEHUS
B3aUMOJICUCTBUSI (PaKTOPOB MEKITY COOOM;

* TPOU3BOAMUTCS OIIEHKA OIIMOOK OIBITOB, YTO JAET BO3MOXKHOCTD
CYyIUTh O JEHCTBUH (PAKTOPOB C OMPEACICHHBIM YPOBHEM 3HAUMMOCTH.

Bxonuble mnepemeHHble  (OyzaeM  HasbiBaTh UX  (pakTopamm)
OTPEACIISIIOT COCTOsIHME 00bekTa. OCHOBHOE TpeOoBaHuE K (dakTopam -
yrpasisieMocTb. [log  ynpaBiasieMOCThIO TOHUMAETCA BO3MOXKHOCTh
YCTAHOBKU HYKHOTO 3Ha4yeHus (paktopa (ypoBHS) W MOJJEPKAHUE €r0 B
TEUEHHE BCEro OmbiTa. B 3TOM COCTOMT OCOOEHHOCTh AaKTHUBHOIO
skcriepuMeHTa.  DakTopel  MOTyT  OBITh  KOJWYECTBEHHBIMH U
KaueCTBeHHbIMU. B  kauectBe (akTopa MOXKHO pacCMaTpuUBaTh
TeMIepaTypy, BIAXHOCTb, AaBJICHHE U Jp. BrIXoaHas mepeMeHHas - 3TO
peakuus (OTKJIMK) Ha BO3JIEMCTBUE BXOJHBIX (PaKTOPOB. OTKIMK 3aBUCUT OT
cienUKd  HUCCIAEAOBAHMUSI. ODTO MOTYT OBITh TEXHOJOTHYECKHUE,
SKOHOMHYECKHE, TEXHUYECKHE XapaKTEPUCTHUKHU. BBIXOTHOW mMapameTp
JTOKEH OBbITh A(POEKTUBHBIM C TOYKH 3PEHHUS JOCTHIKEHHUS LI,
YHUBEPCAIbHBIM, KOJIMYECTBEHHBIM (BBIPAKATHCS YHUCIIOM), UMEThH SICHBIH
(bu3UYeCKu CMBICII, OBITH TPOCTHIM U JIETKO BBIUUCIISIEMBIM.

Nrtak, T1IaHUpOBaHMWE  DKCIEPUMEHTA  MPEArNoyiaraeT,  4rTo
AKCIIEPUMEHT SIBJISIETCSA aKTUBHBIM U OOBEKT UCCIICIOBAHUS MPE/ICTABIICH B
BUJIC MOJIENIN «UYEPHBIN AmuK». [Ipyu 3TOM HCMONIB3yeTcs TOJBKO TpyIma
BXOJIHBIX KOHTPOJUPYEMBIX MapaMeTpoB X = X|, X2, Xj, Ha3bIBAEMBIX
daxkTOpamMu, U OJIUH MapaMeTP Y U3 TPYMIIbI BRIXOIHBIX TapaMeTpoB Y =Y,
V2, ...,¥r. COBOKYITHOCTh (paKTOpOB 00pa3yeT (hakTOpHOE MPOCTPAHCTBO, a
3aBUCcHMas nepemMeHHas y.= f(xy, Xz, ...,Xn) Ha3piBaeTCs (QYHKIHUEH OTKIIMKA.
['eomeTpuueckoe mipencTraBieHre (GYHKIMA OTKIMKA B N-MEPHOM
(akTOpPHOM TMPOCTPAHCTBE o0O0Opa3yeT TaK Ha3bIBAEMYyI IIOBEPXHOCTH
OTKJIMKA.

Haubonee pe3yJbTaTUBHO METONbl IUIAHUPOBAHUS AKCIEPUMEHTOB
MPUMEHSIIOTCSL B HACTOSIIIIEE BpEeMsl IIPU PEIICHUM 33]a4 10 ONTUMHU3AIUU
(OKCTpEeMaJIbHBIX 3aJlad), TO €CTh IO MOHUCKY 3KCTpeMyMa HEKOTOPO
¢bynkuuu. B Takol cuTyanuu 3ajaya IUIAHUPOBAHUS SKCIEPUMEHTA
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dbopMynupyeTcsl CIeAYIOUMM 00pa3oM: MPENANoJiaraeTcsi, 4ro napaMeTp
ONTUMU3ALIMU Y CBs3aH C (akTopaMu KaKUM-TMOO MaTeMaTUYeCKUM
BBIpOKEHUEM, TpPeOYyeTCs TaK CIUIAHUPOBATh JKCIIEPUMEHT, YTOOBI MpH
MUHHMMaJbHOM KOJWYECTBE (PAKTOpPOB, BapbUpys HX 3HAUYCHUSIMHU IIO
OTPE/ICIICHHBIM MpaBuiaM, HAUTH 00JIACTh ONTUMYyMA.

[Ipaktyika  BbIpaboTasia  CIEAyIOIIME  PEKOMEHAAIMU  TpHU
UCIIOJIB30BAHUM TAKOTO METO/a: YUCIO (PaKTOPHBIX MPU3HAKOB (N) TOJIAKHO
OBbITh B MATH-IIECTh pa3 MEHbIIE 00bEMa H3Yy4YaeMOM COBOKYIHOCTH
IapaMeTPOB, BO3ICUCTBYIOIINX
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Ha HCCIIENYEeMbIii 0OBEKT. YCTaHOBJIEHO, YTO MPHU MPOBEICHUU IMOJIHOTO
(dakTOpHOTrO HKCHEPUMEHTa paccMaTrpuBaTh 4YuCIO0 (HAKTOpPoB OoJiee
YEeThIPEX HEIIeIeCO00Pa3HO, TaK KOJIUYECTBO HEOOXOAMMBIX OTILITOB PACTET
110 TOKa3aTeabHON QyHKmu 2! (i - uncio GpaxTopoB) U I i=5 HEOOXOAUMO
npoBOAUTH 32 BapuaHTa onpesencHuil. [Ipu 00b1110M Ynciie UCCIEyEMbIX
(GakTOpoB  11€7IeCO00pa3HO  HKCIMOJIB30BaTh  JAPOOHBIH  (PaKTOPHBIMA
AKCIIEPUMEHT.

MeTo/1bI IJTaHUPOBAHUS SKCIIEPUMEHTA CYILIECTBEHHO OTJIMYAOTCS OT
CTaTUCTUYECKOM  OOpabOTKM  pe3yJbTaTOB  HAOMIOACHUM, T
KOJIMYECTBEHHOMY aHaJM3y OTBOJUTCS TIACCHBHAs POJib 00padOTKHU
JAHHBIX, TOJIYYEHHBIX B IPOIECCE HUCHBITaHWNA. B MpOTUBOMONOKHOCTH
CTaTUCTUYECKOM 00paboTKe, MaTEeMaTHYECKUW ammapaT IJIaHUPOBAHUS
AKCIIEPUMEHTOB UTPACT aKTUBHYIO POJIb MPU MOCTAHOBKE M MPOBEJICHUU
AKCIIEPUMEHTA U TOCJICAYIOIIEro aHajiu3a pe3ysibTaToB. BMecTe ¢ Tem
Takasi IMOCTAaHOBKA HE YMOJIIET POJM CaMOro 3KCIEpUMEHTaTopa, HUOO
HEMPaBWIbLHO CHOPMYJIMPOBAHHAS U CIUIAHUPOBAHHAs 3ajadya MOXKET
MPUBECTHU K HEMOJIHOIIEHHOMY PEIICHHUIO.

[InaHupoBaHuEe SKCIEPUMEHTA WCHOJB3YIOT [UJIi H3Y4YEHUs U
MaTeMaTUYeCKOTO OIMUCAHUS TMPOIECCOB M SIBICHUM MyTEM IMOCTPOCHUS
MaTeMaTUYeCKuX Mojelied B ¢dopMe Tak Ha3bIBAEMbIX YpPaBHEHUI
PErPECCUHU - COOTHOIICHUH, CBA3BIBAIOIINX C MOMOIIBIO Psijla apaMeTpOB
3Ha4YeHUS (PAKTOPOB U PE3yIbTAThl SKCIIEPUMEHTA.

Perpeccuonnsiit METO/I 3aKJIF0YAEeTCsA B OIPEAECIICHUN
AHAJIMTUYECKOTO BBIPAKEHUS CBSI3M, B KOTOPOM HW3MEHEHUE OJIHOU
BEJIMYUHBI (Pe3yJIbTATUBHOTO IMPU3HAKA) OOYCIIOBJICHO BIUSHUEM OJIHOU
WM HECKOJBKUX HE3aBUCHUMBIX BeJIUUYUH ((HaKTOPOB), a MHOXKECTBO BCEX
npounx (DaKTOpPOB, TAKKE OKA3bIBAIOIIUX BIUSHUE Ha BBIXOJIHYIO
XapaKTepPUCTUKY, TPUHUMAIOTCS TIOCTOSHHBIMH. J[pyrumMu cioBaMu
PErPECCUOHHBIN aHATU3 OMPENCIISIET AHATUTUYECKYIO 3aBUCUMOCTh MEXKY
KOHTPOJUPYEMBIMU (PaKTOpaMH X1, X2, X, ¥ BBIXOJHBIM TTAPAMETPOM Y.

[{enbto perpecCUOHHOTO aHaIu3a SIBISETCS OlICHKA (DYHKIIMOHAIBHOMN
3aBUCUMOCTH YCJIOBHOTO CPEAHETO 3HAUEHUSI PE3YyJIbTATUBHOTO IPU3HAKA Y
OT (haKTOPHBIX MAPAMETPOB X1, X2, ...,Xn.

OCHOBHOM MOPEINOCHUIKOM PErpeCCHOHHOIO aHaiau3a SIBISIETCS TO,
YTO TOJBKO PE3YJbTATUBHBIA MPU3HAK Y MOJUYUHSIETCS HOPMAIBHOMY
3aKOHY pacrpe/ienieHus, a GakTOpPHbIC NPU3HAKU X1, Xp, ..., Xy MOTYT UMETh
NPOU3BOJIBHBIN 3aKOH pacnpeneneHusd. Ilpy 3ToM B perpecCMOHHOM
aHaJIM3€ 3apaHee MOJPa3yMEBAaeTCs HAJIUYWMe TNPUYMHHO-CIIEACTBEHHBIX
CBA3EH MEXIy pE3yJbTaTUBHBIM Yy U  (AKTOPHBIMH  Xq,Xp, ..., Xp
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pPU3HAKaAMHU.
YpaBHEHHE perpeccud WJIM CTaTUCTUYECKas MOJACIb CBS3H
BbIpakaeTcs: GyHKIUEH

y = f(Xq,Xg, o) Xp) (4.1)

Ota (QyHKIMA SBASETCA JOCTATOYHO AaJCKBAaTHOM pealbHOMY
MPOLIECCY WJIU SIBJICHUIO, €CIIM K TMOCTPOCHUIO MOJEIN MPEIbABISIOTCS
ciaeayronme TpeOOBaHMS:

* Bce (DaKTOpHBIC TPU3HAKK JIOJDKHBI HUMETh KOJWYECTBEHHOE
(mudpoBOE) BEIpAKCHUE;

* 00bEM HCCIEyEMO BBIOOPOYHOW COBOKYIHOCTH JOJIKEH OBbITh
JIOCTATOYHO OOJIBIIINM,;

* TMPUYUHHO-CJICICTBEHHBIE CBS3M MEXKIY (PaKTOpaMU U BBIXOIHOM
BEJTUYMHON JIOJDKHBI OMHUCHIBATHCS JIMHEWHOW WM TPUBOJUMBIMH K
JuHEHHON (hopMaMu 3aBUCHMOCTH.

OnHoit 3 mpo6sIeM OCTPOSHUS YPABHEHUS PETPECCHUH SBIISETCS €T0
pPa3MEpHOCTh, TO €CTh ONpEIeNICHHe 4Yncia (AKTOPHBIX IPU3HAKOB,
BKJIFOYAEMbIX B MOJ€NIb. WX 4YHCIO JOKHO OBITh ONTUMAJIbHBIM.
CokpaiieHre pa3MEpHOCTH 3a CUET HCKIIOYEHHS BTOPOCTEICHHBIX,
HECYIIECTBEHHBIX ()aKTOPOB TO3BOJISET MOJYYUTh MOJICb, PEATU3yEMYIO
obicTpee 1 kadecTBeHHee. OIHAKO MPU 3TOM MOCTPOCHUE MOJCIHN Majon
Pa3MEPHOCTH MOKET MPUBECTH K TOMY, YTO OHa OyAeT HEAOCTaTOYHO
MIOJIHO OTIMCHIBATh UCCIISyEeMOE SIBICHUE WJIH TTPOIIECC.

4.2 TlnanupoBanue 0JHOPAKTOPHOTO IKCHEPUMEHTA

[InanupoBanue OAHO(AKTOPHOTO OIKCIIEPUMEHTAa CBOJAUTCA K
MOJTYYEHUIO YPABHEHUS MAPHON PETPECCHUM.

[Tapnas perpeccust XapakTEpU3yET CBSI3b MEXKY ABYMs MPU3HAKAMHU
- pe3yJbTaTUBHBIM M (HaKTOPHBIM. AHAJIUTHYECKAs CBA3b MEXKIY ITUMH
MpU3HAKAMU MOKET OBITh OMUCAaHA CIAEAYIOIUMHU YPaBHECHUSMMU:

PSIMOM - y =ap+ a;X (4.2)
runepOoIbl - y =ay+ a;l (4.3)
napaboJbl - ¥ = ag + a;x + a,x? (4.4)
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OnpenenuTb TUN ypaBHEHHS MOXHO pAacCMOTpPEB TIpaduuecKyro
3aBUCUMOCTbh MEXIy BeIMYMHaMU X U Y. CylIecTBYIOT U 00LIue COOOpakeHUsI
Ha 3TOT cueT. Eciam pe3ynbTaTUBHBIA M (DaKTOPHBIA MPU3HAKKA BO3PACTAKOT
OJIMHAKOBO, MPUMEPHO B  apU(PMETHUECKOH  MPOTrpeccud, TO  3TO
CBUJICTEIBCTBYET O JINHEWMHOW CBSI3M MEXJy HUMH, a IIPU OOpaTHOM CBA3M - O
runiepoosmueckor.  Ecnmu  dakTopHBIM  TpU3HAK ~ yBEIWYMBAETCS B
apu(pMETUYECKOW MPOTPEeCcCUr, a PE3yJbTAaTUBHBIA NPHU3HAK 3HAYUTEIBHO
ObICTpEE, TO 3TO SIBISIETCS] CBUJIETENBCTBOM MapaOOJIMYECKON WU CTENEHHOM
CBA3HU.

OueHKy MapaMeTpoB YpaBHEHUSI PErpecCMd B IPUBEICHHBIX BBIIIE
BBIPAKEHUSAX OOBIYHO OCYIIECTBIISIIOT METOJIOM HAaMMEHBIIMX KBAJpaToOB, B
OCHOBE KOTOPOIO JIEKHUT MPEANOJIOKEHUE O HE3aBUCUMOCTH HCCIEAYEeMOU
COBOKYITHOCTH.

Teopernueckne MNPEANOCHUIKA MCIOJb30BAaHUS METOJa HAMMEHBIIUX
KBaJpaToB paccMOTpeHbl paHee. CyIlecTBO METO/Ia HaMMEHBIINX KBaJpaToB,
KaK M3BECTHO, 3aKJIFOYAECTCS B HAXOXKACHUM IapaMETpPOB MOJEIH ao, al, IPH
KOTOPbIX MHHUMHU3HPYETCS CyMMa KBaJpaTOB OTKJIOHEHHH SMIHPUUYECKUX
(bakTUyecKnX) 3HAYEHUW PE3yJIbTATUBHOTO TIPU3HAKA OT TEOPETUUYECKUX,
NOJIYYEHHBIX 110 BEIOPAHHOMY YPaBHEHHIO PErpeccuu

q=2(y—y) - min. (4.5)
JI1st mpsiMOi 3aBUCUMOCTH 3TO YpaBHEHHUE OyJI€T UMETh BU]L
q =Xy — (@ +a;x)]* > min (4.6)

PaccmarpuBass q kak QyHKIMIO [apaMeTpoB ao, H ai, TMOche
b pepeHIpoBaHNS TOTYYUM

aao ZZ(aO +a;x—y)=0
4.7)

6a1 z 2(@p+ax—y)x =

B pesynbraTe cuctemMa HOpPMalbHBIX YpaBHEHUM JUIsI HAXOXKIACHUS
napamMeTpoB JIMHEWHON MapHOW perpeccud METOAOM HaWUMEHBIIMX KBaJpaTOB
OyJleT UMEeTh CIEAYIOIINI BUT
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na0+alzx=2y
a02x+alzxz =ZXy

IJI€ N - YUCJIO €AUHUI] HAOJIIOICHUS.

B ypaBHeHusix perpeccun (4.8) mnapamerp ag MOKa3bIBaeT
YCPEIHEHHOE
BJIMSIHUE HA PE3yJIbTaTUBHBIA MPU3HAK HEYUTCHHBIX (HE BBIAEICHHBIX IS
uccienoBanus) gpaktopos. [lapameTp a4 1 a; B ypaBHEHHH 11apaboJIbl 1aI0T
peACTaBICHUE O TOM, Ha CKOJIbKO HM3MEHSETCS B CpPEIHEM 3HAuCHHE
pPEe3yJIbTAaTUBHOTO TNMPHU3HAKA MPU yBEJIMYCHUU (PaKTOPHOTO MpPHU3HAKA Ha
CAMHUILY COOCTBEHHOTO U3MEPECHHUSI.

Onpenenenue napamerpoB a0 u al M3 CHUCTEMBl HOPMaJIbHBIX
ypaBHECHUM
(4.8) HeE MPEACTABIAECT TPYAHOCTEN U PACCMOTPEHO paHee B mpumepe 3.3.

AHanmornuHbIM 00pa3oM peliaercs 3ajadya B cliydae OOpaTHOM
3aBUCUMOCTH MEXAY X M Yy, KOrjJa C yBEJIMYCHUEM (YMEHBIICHHEM) X
yMeHbIIaeTcs (yBEJIMYMBAETCS) pe3yJbTAaTUBHBIM Npu3HaK y. B 3Tom
Cllydae TapHasi perpeccusi ONMUChIBAETCS ypaBHEHUEM TUNEpOoiibl (4.3) u
CUCTeMa HOPMaJbHBIX YpaBHEHUM Uil HAXOXJCHUS TapaMeTpOB
runepOosbl OyAeT UMETh BUJT

(4.8)

na, +a; - =X y;
(4.9)
1 1 y
aoZ;+a1ZX—Z=Z;-

PelleHne Takoil CUCTEMBbl alreOpanvyecKuX YpaBHEHHUI Takxke He
OPEACTABIISIET CEPHE3HBIX TPYIHOCTEM.

Heckonpko cnoxkHee pemaercs 3ajadya, €ClId CBA3b  MEXIy
NpU3HAKAMU Y ¥ X KPUBOJIMHEIHAS M OMTUCHIBAETCS YpaBHEHUEM NapadoJibl
BTOpOTO nopsijka (4.4). B aTtoM ciydae 3aadya CBOAUTCA K OMPEACICHUIO
HEU3BECTHBIX IIAPAMETPOB ag, Aq . Ay .

Meroa  HauMEHBIIMX  KBaJgpaToB 00JIalaeT  3aMeydaTesIbHbIM
CBOWCTBOM, IIO3BOJISIFOIIMM CJIE€JaTh YHCJIO HOPMAJIBHBIX YPaBHEHHMU
PaBHBIM YHCITY HEU3BECTHBIX KO3 (HUITUESHTOB.

B pesynbraTe nmpuUMEHEHHsS METOJAa HAUMEHBIIMX KBaJpaTOB MBI
NOJIyYUM YPaBHEHHE
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q =21, 2(y—ap + a;x + a;x?%) > min. (4.10)

B34B 4acTHbIE NPOU3BOAHBIE IO 3TUM BEIUYMHAM U, IPUPABHSB UX HYJIIO,
ITOJTyYHM

:Tq=22(y—ao+a1x—a2x2) =0,
0
(4.11)
99 Y2(y—ag+a;x—ax?)x =0,
aao
;T(:) = ZZ(y_ dg + a; X — aZXZ)XZ = 0.

[Tocne mpeoOpa3oBaHMs TMOJY4YaETCs CHUCTEMa HOPMAJIbHBIX YpPaBHEHHIA
CJIEIYIOWIETO BUIA

nag+a;yx+a, nx:=Yy,
302X+312X2+312X3:ZYX, (412)
ap Y. x% +a; Yy x3a, Y x* =Y yx?

PewuB cucremy anreOpanyeckux ypaBHEHUN, MOKHO HAUTH 3HAUCHUS
HENU3BECTHBIX KOO(P(MUIIMEHTOB ag, d; . A3 U MOJYYUTh YPABHECHHUE PETPECCHH.

4.3 [InanupoBaHre MHOTO(aKTOPHBIX SKCIIEPUMEHTOB

B omiMume OT J0CTaTOYHO WIMPOKO  PACHPOCTPAHEHHOTO
0MHO(AKTOPHOTO JKCIEPUMEHTA, KOTJa H3y4daeTcs JEHUCTBUE Ka)KIOTo
dakTopa B OTIEIBHOCTH, CYIIIECTBYET METO/I, TO3BOJISIOIIUN OCYIIECTBIATh
AKCIIEPUMEHT TMPU BAPHUPOBAHUM HECKOJBKUMH (PakTopamu cpazy. ITo
CIOCOOCTBYET  MOBBIMIEHUIO  3(P(EKTUBHOCTU  SKCIEPUMEHTAIbHBIX
UCCIEIOBAaHUHN, TaK KaK HWHTEPECYIOIIMH JSKCIEepUMEHTaTOpa MapaMeTp
ONpeJeNIIeTCS C MEHbIIEH OIMMOKON, TO €CTh MPHU YBEJIMYCHUM 4YHCIIA
(haKTOPOB MOBBIIIAETCS TOUHOCTh SKCIIEPUMEHTOB.

[1nan MHOTO(aKTOPHOTO PKCIIEPUMEHTA BBITIOJIHSIETCS B HECKOJIBKO
ATANoB:

* BBIOOp ypaBHEHUS PETPECCHUU;
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* OmpejelieHre HEOOXOAUMOTO YHUCIIA OIBITOB;

* COCTaBJICHHE IJIaHa MHOTO(aKTOPHOT'O SKCIIEPUMEHTA;

* pacyeT K03 PUIIMEHTOB PErPECCHH;

* pacyeT AUCTIEPCHH BOCIPOU3BOIUMOCTH U AUCIIEPCUU
K03 PUITMEHTOB perpeccuu;

* OILICHKA 3HAYUMOCTH KO3(PPUIIMEHTOB pErpeccuy;

* MPOBEpKa aJIEKBATHOCTH MOJIEIIH.

Buvibop ypasnenus peepeccuu. MaremaTudeckas 3agada
MJIAaHUPOBAHUS SKCIIEPUMEHTA MOXKET OBbITh 3alliCcaHa B CICIYIOIIEM BHUJIC

r = f(Xq, X3, ..., Xp), (4.13)

TJI€ T - BBIXOJ ITpoIecca, TO €CTh apaMeTpP, KOTOPBIM U3yYaAETCH;
X1,X2, «.., Xp- IEPEMEHHBIE (hAaKTOPHI, KOTOPHIMU MOYKHO
BApbUPOBAT.

B o01iem ciydae Mbl HE pacrnojiaraéM MOJHBIM 3HAHUEM MEXaHH3Ma
M3Yy4aeMoro SIBJIECHHUS U, CIEI0BATENbHO, BUJI (PYHKIIMU I HAM HE U3BECTEH.
B aTOM cityuae nmosib3yroTcs pasyioxkeHrueM (QyHKIIUU B CTETICHHOH DS,

To4YHOCTh, C KOTOPOU CTENEHHOW PsAJi OMUCHIBAET MPOIIECC, 3aBUCUT
OT TOpsiiKa (CTENEeHu) psAlla, TO €CTh OT TOr0 C KaKMMH IOKa3aTeysiMu
CTETEHU TPEJICTABIICHBI MOCJIEAHNUE YJEHbl psiga. Ecnu omucaTh Kakoui-
100 MpoliecC B Y3KOM MHTEpBaJie NIEPEMEHHBIX, TO TTOUYTH BCETJIa MOXXHO
BOCIIOJIb30BaThCSl YACThIO CTENEHHOrO pPslia, OTOPOCUB UJICHBI BBICIIUX
nopsiAkoB. TOJBKO Ui OMHCAHUSA ONTHUMAIbHOW 00JacCTU MOXKET
BO3HUKHYTh HEOOXOJIUMOCTh MCIOJIB30BAHUS PsAJia, COACPIKAIIETO UJICHBI
BTOPOT0, @ UHOTJIa U TPETHETO MOPSIKA.

[Tonb3ydack pe3yiabTaTaMHd SKCIIEPUMEHTa MOXKHO TMOJIYYUTh JIUIIb
OIICHKH MOJIEJIM, MPEACTaBICHHON ypaBHeHueM (4.13). B 3aBucuMocTu oT
yuciaa Hu3ydaeMbiX (DaKTOPOB, OMPEICTSIONIUX YCIOBHUS MNPOXOKICHUS
npoliiecca, MOKHO 3amucaTh B OOIIEM BHJIE€ YpaBHEHHE perpeccuu 0e3
YJIEHOB BBICIINX HOPSJIKOB:

- U151 ABYX (PaKTOpOB

5\7 =b 0 + b1X1 + bZXZ + b1’2X1X2; (414)
- 17 Tpex (HaKTopoB

S\’ =b 0 + b1X1 + bZXZ + b3X3 + b1’2X1X2 + b1’3X1X3 + b2’3X2X3 +
+ b123X1X2X3,
(4,15)
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rje § - BeIOOpOYHas OlleHKa JJIsl BBIXOIHOTO

napameTpa; X1, Xp, ..., - 3SHa4€HUs (HaKTOPOB;

b (- cBOOOAHBIIN WieH, paBHBIN BBIXOAY mpoliecca mpu X = 0;

b4, by, b3- ko3 duMEeHTH perpeccun COOTBETCTBYIONIUX (HAKTOPOB,
YKa3bIBAIOIINE HA BIUSHUE TOTO WM UHOTO (DaKTOpa HA U3yYaeMbIil
POIIECC;
bl, 2, bl, 3, b2, 3 - ko3 bUITUEHTHI pETPECCUM TIPHU IIPOU3BEACHUIX
(haKkTOpOB, CBUJIETEIBCTBYIOIIUE O HATMYUU TBOWHOTO B3aUMOICUCTBUS
MeXIy paKkTopamu;

bl, 2, 3 - xod>pdulMeHT perpeccuu, yKa3bIBalOUIMA Ha TPOHHOE
B3aMMOJICUCTBHE (PaKTOPOB.

AHAJIOTUYHO 3aMHUCBHIBACTCS ypaBHEHUE JUIsI YEThIpeX U Oolee
(bhaKTOpOB.

Onpedenenue Heobxooumozo uucia onvimos. lIpu cocrtaBieHUU
IJIaHa TIPOBEJCHHS DKCIIEPUMEHTAIBHBIX HCCICIOBAHUM I KaXKJIOTO
dakTopa BBIOMpACTCS ONpPEACICHHOEC YHCIO YPOBHEH BapbHpPOBAHUS.
[TooToMy HEOOXOIWMOE YHCIIO OIBITOB YCTAaHABIWBACTCS UYHCIOM
BO3MOXXHBIX KOMOWHAIMM  ypPOBHEW BaphbHUPOBAHHS  HE3aBHCHMBIX
MEPEMEHHBIX, a TAK)KE KOJIMUYECTBOM IMMOBTOPHBIX OIBITOB. B OOJIBIIMHCTBE
ClyyaeB IIJIJAaHUPOBAaHHWE OJKCIIEPUMEHTOB OCYIIECTBIIACTCS 110 CXEME
OJTHOTO (pakTOpHOTO 3KcIepuMenTa. OHa peaycMaTpuBaeT
BapbHPOBAHNE BCEX MCCIAEAYEMBIX (D)aKTOPOB Ha JBYX YPOBHSX:

* BEpPXHEM, HIMEIOIIEMY MaKCHUMalbHOE 3HAUCHHUE PacCMaTPHUBACMOTO
dakTopa;
* HIDKHEM, COOTBETCTBYIOIEMY MUHUMAILHOMY 3HAYCHUIO (DaKTOpa.

B sTOoM ciiygae HE0OXOAMMOE YHCJIO OMBITOB OINPEACIACTCS I10

dbopmyie
m =21 (4.16)

r7i€ 1 - YUCIIO pacCMaTPUBAEMBIX (PaKTOPOB.

BapsupoBanne mniepeMEHHBIMH Ha JBYX YPOBHSX II03BOJISIET
3HAUYUTEJIbHO YMEHBIIUTh 00BEM IKCIIEPUMEHTATBHON U CYETHOU PabOTHI.

3HaueHus (ypoBHH) (DaKTOpOB yJIOOHO 3ajaBaTh B KOJMPOBAHHBIX
BeJIMUYMHAX: BEPXHHUM ypoBeHb dakTopa (+ 1), Hmwkuui (- 1), cpeaauii wim
OCHOBHO¥ (YCJIOBHBIN HyJIEBO#) ypOBEHB Oy, .

Y CIOBHBIN HYJIEBOW YPOBEHB - 3TO TAKOE 3HAUYCHUE TTIEPEMEHHBIX X;, B
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00JIaCT KOTOPBIX HAYMHAETCS u3ydaemblil mpoiecc. OOBIYHO HYJIEBOU
YPOBEHb BBIOMpPAETCA JOCTATOYHO OJM3KO K MLEHTPY (PaKTOPHOIO
npoctpanctBa. [lpu  OTCYTCTBUM KakKUX-TMOO TEOPETUUYECKUX WM
MPAKTUYECKUX COOOPAXKEHUM ITOT YPOBEHb BHIOMPAETCSI TPOU3BOJIHHO.

OCHOBHOE  MPEUMYIIECTBO  MHOTO(AKTOPHOTO  IKCHEPUMEHTA
3aKIIOYAETCd B TOM, YTO B IPOLECCE €ro MNPOBEAEHUS BAPbUPYIOTCA
OJIHOBPEMEHHO Bc€ (haKTOPhl. DTO MPUBOJUT K TOMY, UTO JAUCIEPCHUSI TIPU
o1leHKe KOA(PUIIMEHTOB PErPECCUU OKA3bIBAETCS B M Pa3 MEHbIIIE OITUOKU
OTIBITA.

Kpome BbIOOpa ypoBHEH HEOOXOAMMO YCTAHOBUTH €IMHUIIBI
BapbUPOBAHUSI, TO €CTh BEJIUYMHBI, HA KOTOPHIE B CTOPOHY YBEIUUCHUS WU
YMEHBIIICHHUS] MBI OyJIeM U3MEHSATh TaHHBIA (PAKTOP OT HYJIEBOTO YPOBHSI.
O0603HauMM 3HAYEHUE EIUHUIIBI BAPbUPOBAHUS dYepe3 . YKa3aHHBIM
napamMeTp HeNb3s BBIOMpATh CIIUIIKOM MajbiM, YTOObI HE TMOJIYYUTh
pe3yapTaT HWXKE OmUOKM u3MepeHusa. [lpu OonbIIOM 3HAYEHUU W
BO3HUKAET OIMACHOCTh IMOJYYCHUSI YPAaBHEHUS, HE COJIEPKAIIErO YJICHOB
BTOPOH, TpeThel U ApYyrux Oosee BbICOKUX cTeneHed. Takum obpazom, B
KKJIOM KOHKPETHOM OIBITE €IUHHUIIBI BAPbUPOBAHUSA HYKHO 3a/1aBaTh
MCXOJIS U3 OMbITa U UHTYHUIIUUA UCCIICA0BATEIIA.

OOb1yHO BbIOUparoT W;=0,5...0,3 oT 3HaUYeHUs 00JaCTH ONpEICIICHUS
dakTopa.

OcHOBHOE TpeOOBaHWE K MHTEpPBATY BapbUPOBAHUS COCTOUT B TOM,
YTOOBI OH HE MPEBBIIIAT YJIBOCHHYIO KBaJIPATUYHYIO OIIMOKY OMbITa. DTO
TpeOOBaHUE CBSA3AHO C TEM, UYTO HHTEPBA]I MEXKIY JBYMS COCETHUMHU
YPOBHSMHU JIOJDKEH 3HAYMMO (HE CJIy4YailHO) BIUSITH HAa BBIXOJHOU
napametrp. OOBIYHO MHTEPBAJI BapbUPOBAHUS BHIOMPAETCS HA OCHOBAHUU
anpuopHoi nHopMaIuy (MJIM HHTYUTHBHO), @ 3aT€M YTOUHSIETCS (€Cu OH
BBIOpaH HEYJIAYHO) MOCJIE MOIYyUYEHUs MAaTEeMaTUYECKON MOJenu. Y Ia4HO
BBIOpaHHBI MHTEPBAJI BapbUpPOBaHUS (PAaKTOPOB TapaHTHUPYET MOJyUCHHUE
JIOCTOBEPHOM MaTeMaTuueckod wmojaenu. OmnpeneraeHHbIE CBEACHUS O
HYJIEBBIX YPOBHSIX U MHTEpBaiax BapbUPOBAHUS
MOTYT OBITh IMOJYYEHBI Ha ATaIle MPEABAPUTEILHOTO IKCIIEPUMEHTA.

Yposuu (O, - W;) 1 (Oy, + W;) 0003HAYNM B KOJAUPOBAHHOM BHUJIE

cootBeTcTBEHHO (- 1) m (+ 1). Ilocie 3TOro MOXHO NpUCTYHaTh K
COCTABJICHHUIO MaTPUIIbl IUIAHUPOBAHUS SKCIICPUMEHTA.

Cocmasnenue naamna MHOZO¢Cle0pH020 IKCnepumernma. IIman

SKCIIEpUMEHTa YyAOOHO 3aJaBaTh TaONMIEH, Ha3bIBAEMOW MaTpUIleh
IJIAaHUPOBAHUS SKCIIEPUMEHTA, BKIIIOUAOIIEH B ce0s MOCIIeI0BaTeIbHOCTh
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OPOBEJICHUSI OMBITOB, 3HAaueHUs (akTopoB ©u OSPGDHEKTOB U  UX
B3aMMOJICUCTBUM, a Takxke 3HadeHus uccieayemon dynkuuu. [Ipu stom
JOJDKHBI OBITH HMCUEpIIaHbl BCE BO3MOXKHBIE 3HAUYCHUS KOMOMHAIUH
(bakTOpOB, BApbUPYEMBIX Ha BEPXHEM U HUIKHEM YPOBHSIX.

YcnoBus SKCIEpUMEHTa MPEACTABISIOTCS B BHUJIE TaOIUIbBl -
MaTpUIIbl IJIAHUPOBAHUSA, TAE€ CTPOKH COOTBETCTBYIOT PA3JIMYHBIM OMbITaM,
a cToJIOUBl - 3HaueHHsIM (HakTOpoB. MaTpulla IJIAHUPOBAHUS OOBIYHO
3alMChIBACTCS HE B (DU3UUYECKUX, 4 B KOAUPOBAHHBIX NTEPEMEHHBIX.

Hnst  1Byx¢haKTOpPHOTO HKCIEpUMEHTa MaTpulla IJIAHUPOBAHUA,
BKJIIOUAIOIIAsl YEThIPE OMbITa, UMEET BU (Tabnuna 4.1).

Tabauna 4.1 - MaTpuna niiaHupPOBaHMS IKCIIEPUMEHTA LIS IBYX (PAKTOPOB

Vposens (paxrTopa Pacuernbie | BbIXOJHOM
Howep P P HOKA3aTeIy | IapaMeTp
OTIBITA :
%o X1 X2 X1X, Vi
1 +1 -1 -1 +1 Vl
2 +1 + 1 -1 21 y2
3 1 -1 +1 -1 3

Bo BTopom cronbue Tabnuubl 4.1 marorcs 3HaueHUsT (DUKTHUBHOW
nepeMeHHo Xy = 1, BBoaumoit ¢popmanbHo st pacuera b0, B TpeTbeM U
YEeTBEPTOM CTOJOIaX - 3HAYCHUS TIEPEMEHHBIX Xq M X (3TH [1BE
NEPEMEHHBIC SIBJIAIOTCS YIPABJISIEMBIMU U OMPEACTSIOT COOCTBEHHO
miaHupoBaHue). B msaTom (pacyeTHOM CTOJIONE) MPUBOAUTCSA 3HAUCHHE
POU3BEICHUSI X1, BBOJIUMOTO B MAaTPHUIly IJIAHUPOBAHUS /ISl BEIYUCIICHUSI
B MocJieayroieM KodpduimeHToB perpeccuu bl, 2, a B ecToM - 3Ha4CHUS
pEe3yJIbTATOB HAOJIOJICHUS B KAXKJIOM M3 YEThIpeX ONbITOB. [lepBas cTpoka
MaTpHUIlbl COOTBETCTBYET NEPBOMY BapHaHTy OIBITa, B KOTOPOM 00€
NEepEMEHHBIE Xq U Xp HAXOIITCS HA HMKHEM YpPOBHE, BTOpasl CTpOKa -
BTOPOMY BapUaHTY OIbITA, B KOTOPOM TEpBas MepeMeHHass HaXOAUTCA Ha
BEpXHEM YPOBHE, a BTOpasi - Ha HI>)KHEM YPOBHE U T. [I.

DTOT IJIaH COOTBETCTBYET YPABHEHUIO PETPECCUU
S\’ =b 0 + b1X1 + bZXZ + b1,2X1X2.

i Tpex(akTOpHOrO SKCIEPUMEHTAa MAaTpUIly I[UIaHUPOBAHUS
MO>KHO MOJTYYUTh U3 MATPUILBI 17151 ABYX (PAKTOPOB, MOBTOPUB €€ IBAXK]IBI -
OIMH pa3 NpHU 3HAYCHUSX X3 HA HIKHEM ypOBHE, a BTOpOW pa3 - MpHU
3HAYEHUSX X3 HA BEpXHEM YpOBHE. B pe3ysibTaTe Mbl OJIYUUM CIETYIONIYIO
Tabnauiy (Tabnuna 4.2).
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Tabnuna 4.2 - MaTpuia njiaHupoBaHus TPexX(paKTOPHOro IKCIEPUMEHTA

H YposeHb thakropa Pacuetnme  moxasaremn | LoV OAHOH
My ’ b mapaMeTp
OIBITA 2
Xp X1 X2 X3 X1Xy | X1X3 | X2X3 [X1X2X3 Vm

1 i — — — - Bl + _ Y1

2 + + — S - _ + + }—,2

> i — i — — - — + Y3

4 + + + — + . L L T

> i B T — - * — | — + ys

6 + + R —+ . + _ _ }_,6

’ . — * * — — * — Y7

8 + + + + + + + + Ve

B Tom ciydae, eciii He0OX0AMMO yuecTh ueThipe akTopa, MaTpuIiia
IJIAaHUPOBAHUSL DKCIIEpUMEHTa Oyner coaepxaTh 16 HaOIIOAeHUM.
Crpoutcs oHa B Takoi mocienoBateabHocTu. CHavana OepeTcs MaTpulia
sl 1ByX (akTopoB (0€3 WX MPOU3BEACHUM), 3aT€M OHA IMOBTOPSIETCS

JBAXKIbI npu
X3=-1 u Xz=+1. IlomyuyeHHas wmatpuina mis Tpex ¢(aKTOPOB CHOBA
MOBTOpSIETCS ABAXKAB WIS X4= - 1 U X,= + 1. Kpome crTonoO1oB,

coJepKaliux YpoBHH (HaKTOPOB, B MATPUILy AOOABISIOTCS 3HAYCHUS
IPOU3BEICHUN (PaKTOPOB X1X32, X1X, X2X3, X1X2X3, U T. II.

AHaJIOTUYHBINA TTOAXO]T MOKET OBITh UCMOJIb30BaH JIJII COCTABIICHUS
MaTpUIbl TUIAHUPOBAHUSA DKCIIEPUMEHTA TPH HAJWYUU TSATH U OoJee
dakTopoB. OaHAaKO Ha NPaAKTHUKE MPU TOCTAHOBKE MHOTO()aKTOPHOIO
AKCIIEPUMEHTA PACCMOTPEHHUE YEeThIpeX U Oosiee (HaKTOPOB MPOU3BOIUTCS
KpaliHe penKo, TaK KaK 3TO HE JaeT OOJIBIIOrO BBIMTPHINIA B MOTYYCHUU
uHQOpMAIlUK OT SKCIEPUMEHTa, a JIMIIb IPUBOJUT K IOBBIIICHHBIM
3aTpaTaM CpPEJCTB U BPEMEHU Ha peajn3alliio OMbITOB.

OO6bIYHO B MHOTO(DAaKTOPHOM SKCIIEPUMEHTE BAXKHO OLICHUTH 3P PEKT
BJIUSHHS W HaIpaBjeHUE JCHCTBUS TOTO HWJIM WHOTO (hakTopa, a TaKKe
BO3MOKHOCTh B3aMMOJICHCTBUS MEXIy HuUMHU. JIBa-Tpu (pakTopa BIOJIHE
00eCcreunBalOT BHIMIOJIHEHNUE TAKOTO YCIIOBHSL.

PaccmaTtpuBast itaHbl MOJIHOTO (DAKTOPHOTO SKCIIEPUMEHTA JIJIS IBYX
U Tpex (AKTOPOB, HETPYJAHO YCTAHOBUTH OOIIYIO OMPEACICHHYIO
3aKOHOMEPHOCTh MOJIyYEHHUs TaKUX IJIaHOB. B mepBOM CTOJIOIIE MATPUIIBI
Ul TEPEMEHHOM Xq 3HAKU MEHSIOTCS B KaXKJOM CTPOKE, BO BTOPOM
cTONIOIE /IS TIEPEeMEHHON X5 - 4epe3 JIBE CTPOKH, a IS 1 - IEPEMEHHOM
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3HAKHU OYIyT MEHATHCA depe3 2! - 1 cTpokm.

Marpunia mniIaHHUpOBAaHHUS SKCIEPUMEHTA TIIOKA3bIBAET, B KAKHUX
TOYKax (PaKTOPHOTO MPOCTPAHCTBA HEOOXOIUMO MPOU3BOIUTH U3MEPECHHE
OTKJIMKA, T. €. MPOU3BECTU OMNBIThI. Kaxk/iblii OMBIT COCTOUT B YCTAHOBKE
HYXKHBIX 3HaueHUN (AKTOPOB W B HM3MEPEHUU OTKIMKA. Tpeldyembie
3HAUYECHHUS] KOJMPOBAHHBIX (PAKTOPOB YCTAHABIUBAIOTCS BapbUPOBAHHEM
WJIU TIPUHATUEM COOTBETCTBYIOIIUX 3HAYCHUN (PUBHMUECKUX MEPEMEHHBIX.

ITocie mocTpoeHMss MaTpuUbl IUIAHUPOBAHUS  JKCIEPUMEHTA
NPUCTYMAIOT HEMOCPEICTBEHHO K OKcnepuMeHTy. OOBIYHO MaTpHILy
OpEACTaBIISIIOT B BHUJIE, YIOOHOM [Jii peaiu3alliy OIBITOB, - BCE
KOJUPOBaHHbIC 3HA4YeHUS (PAaKTOPOB 3aMEHSIOT HATypalbHBIMU. Takyro
MaTpHILy TUIAHUPOBAHUS HA3BIBAIOT paOOUeH.

ITockonbKy Ha U3MEHEHHE BBIXOJHOIO MapaMeTpa BIHSIOT TOMEXH,
IUTaH Yallle BCEro peaju3yloT HECKOJIBKO pa3, moiydas k mapaienbHbIX
3HAUYCHHUI MepeMeHHOU cocTosius. Yucno k BeiOupaercs mo pesynbraTram
NPEIBAPUTEIBHOTO 3KCIEPUMEHTa WM C [OMOIIBI0  CHEIUAIBHO
MIOCTABJICHHBIX OMNBITOB. Marpuua IUIAHUPOBAHUS JKCIEPUMEHTA C
HECKOJIbKMMU MapaJijIeIbHBIMU ONBITAMU MIPECTaBieHa B Tabuile 4.3.

Tabnuna 4.3 - MaTpuua njiaHuPoOBaHNs IBYX()AKTOPHOI0 IKCIIEPUMEHTA NPH
HAJIMYHUHU HECKOJbKHX CEPHH ONbITOB .

YpoBeHb (haKTOPOB PacueTHbII BpIxX0oIHOM 11apaMeTp

Howmep

oLIbITa IOKa3aTeib y/ . y/ / . y/ // . Vm

X1X2

B rtabmuume 4.3 Bemumumnsl y, y”, y” mnokaseBaroT 3HaYeHHs
BBIXO/IHOTO TIapaMeTpa B TPEX MapajuieIbHbIX CEPUSIX OMBITOB.

Pacuem kosppuyuenmos pecpeccuu. Jlnsg nByxdaKTOpHOTO
SKCIIEPUMEHTa B COOTBETCTBMU C YypaBHeHueM (4.14) Heobxoaumo
BBIYUCIUTh KOA(DPUIUEHTHl PErpeccud s YpPaBHEHHS, COJEpKallero
YeThIpe ujieHa - CBOOOAHBIN uiieH b0, 1Ba muHeHbIX a3 dekTa b1xq 1 byX,
U B3auMoJeiicTBue (akTopoB bq 5, X1X,. UTo Kacaerca TpexpakTopHOro
mjaHa OHKCIEPUMEHTa, TO 3JeCh YyXKe, COrjJacHO BbIpaxkeHus (4.15),
HEO0OXOIMMO BBIYUCIUTH KOI(PGUITMEHTHI I YpaBHEHHS, COJEPKAIIEro 8
YJICHOB.

Pacuer ko3 PuIMEeHTOB perpeccuu BBIMOIHSIETCA MO CIETYIOIUM

dbopmymnam
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1 _
bo = =X ¥m Xq', (4.17)

1 —

by = 23 Y X, (4.18)
1 —

bj; = - i=1yxi“‘X,-“‘, (4.19)

rie m =2'- yncio BapHaHTOB B MaTpHIE IUIAHUPOBAHMS
AKCIIEPUMEHTA; Yy, - CPEIHEE 3HAUYCHUE BBIXOIHOTO IMapaMeTpa B
m - M BapuaHTe; X;" - 3HAYCHUE JAaHHOTO (haKTopa B m - M
BAPUAHTE;

m
)

Takum oOpazom, miusa HaxoxaeHus by HEOOXOIWMO BBIYHCIHTH
CyMMY IMpOU3BEJACHUN V,, Ha 3HA4YCHUEC (PUKTUBHOW IEPEMECHHON U
pa3aeuUTh MOJYYEHHBIN pe3yabTaT Ha m=4 B ABYX(aKTOPHOM cxeme 1 m=8
B TpeX(aKTOPHOU cxeMe AKcrepumMenTa. Hampumep, 11 1ByX(haKkTOPHOIO
AKCIIEpUMEHTA

X;nX - 3BHA4YCHHUC ITPONU3BCACHU A (1)aKTOpOB B M - M BAPpHUAHTC.

1.
by = o Y1+ V2 +¥3+5a). (4.20)

NupiMu ciioBamMu, by HEe 4TO MHOE Kak CpedHss apudpMeTudeckas
BEJIMYMHA BBIXOJHOTO TTapaMeTpa, Korjaa GakTopbl HAXOISATCS HAa HYJIEBOM
YPOBHE.

Jliist HaxoxieHus by HEOOX0IUMO BBIUMCIUTh CYMMY MPOW3BEICHUN
Vm Ha 3HadueHus +1 wim -1 ¢akTtopa B COOTBETCTBYIOIIEM CTOJIOIE
MaTpHLBI INIAHUPOBAHMS SKCIICPUMEHTA U Pa3e/IuTh Pe3yabTaT Ha m = 21,
Hanpumep, 11st AByX(hakTOPHOTO dKCIIEPUMEHTA

bo = —[F1(-1) + . (+D + F3 (D + 4 (+1)],  (“.21)

bo = —[F1(-1) +F2 (-1 + Fs(+D + 7.+ D] (4,22)

C ¢usmdeckort TOuku 3peHus ko3¢ dunmeHTsl b; U b,nokassBaroT
HACKOJIbKO M3MEHSIETCA BBIXOJHOM MapaMeTp mpoliecca MpU HW3MEHEHHUH
COOTBETCTBEHHO X4 M X,0T HYJs 10 + 1.

[Tpu BBIYHCIICHUHT K02 hUIEeHTOB perpeccuu TSt
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BSaHMOﬂCﬁCTB FOIIUX aKTOPOB 3HAUEHHUA X;X; OepyTcs B pacyeTHBIX
17

CTOJNIOIaX  MaTpullbl  IUIAHUPOBAHMS  JKCcOepuMmeHTa.  Tak, A
IBYX(AKTOPHOI'O SKCIIEPUMEHTA

by s = — [F1(+1) + F2(=1) + F3(-1) + Fa(+ D],
(4.23)

B 3aBucHMOCTH OT 3Ha4eHUs KOG GuULKEHTa by , CyIaT 0 CTENEHN
B3aUMOJICUCTBUS MEXKTY (haKTOpamHu.

[Tocne HaxoXAEHUS BEIUYUHBI  KOA(PQOUIIMEHTOB perpeccuut
3alIMCHIBAETCS YPABHEHUE PETPECCHU, U MEPEXOJAT K CTAaTUCTUUYECKOMY
aHaJM3y ypaBHEHUS pErpeccuu. AHalii3 COCTOUT U3 3 ATaloOB: OLICHKU
JUCTIEPCUN BOCTIPOU3BOJAMMOCTH (OLIEHKU OIIMOKU OMBITA), ONpEaeICHUS
3HAYUMOCTH KOA(D(PUUHMEHTOB YpPABHEHHUSI PErPECCMU U MNPOBEPKH
aJIeKBaTHOCTH MOJIETIH.

Pacuem  Oucnepcuu  6ocmpouszsooumocmu  u  oucnepcuu
K0aghuyuenmos
pezpeccuu. W3BectHo, 410 ommOKa ombita S*(y) OLEHUBAETCA IO
napauiesibHbIM onbiTaM. llepen pacueToM OIIMOKH OIBITa HEOOXOAMMO
yOEIUTHCS B TOM,

YTO pacCesIHHUE B KaXJ0M TOUKe (PaKTOPHOrO MPOCTPAHCTBA HE MPEBBIIIACT
HEKOTOPOW BEJIUYUHBI, T. €. IPOBEPUTH OJHOPOJHOCTH IMOCTPOUYHBIX
JIACIIEPCU.

JUIs 5TOr0 PacCUMTBIBAIOTCA IOCTPOUYHBIE aucrepcun S(y¥n). Pacuer

IPOBOJIUTCSA 1O (hopMyJie

S2(yk) = 2 (ym —yk)?/(k— 1) (4.24)

riae k - yucno mapaiebHbIX OMBITOB.

[ToHsiTHE OHOPOAHOCTh HECKOJIBKUX OLICHOK JUCIIEPCUN O3HAYAET,
YTO BCE OHM SIBJISIFOTCS OLICHKAMHU OJTHOM M TOW K€ HUCTIEPCUU Sz(yrl;),
KOTOpasi Ha3bIBAETCS AUCMIEPCHUEN BOCHPOU3BOJMMOCTH WM JUCIIEPCUEH
OMBITOB. B 3TOM ciydyae paznuure MEXIy OILICHKaMU OOBSCHIETCS HX
CJIyYallHbIM XapaKTepOM.

I[TpoBepUTH OJJHOPOJHOCTH AUcIepcuii S2 (yrl;) MOKHO I10 KPUTEPUIO
Koxpena. Kpurepuit Koxpena miist npoBEpKrA OJJTHOPOJHOCTH HOCTPOUYHBIX

JAUCTIEPCUN MPUMEHSIETCS, KOTJa YUCJIO MapaijelbHBIX OIBITOB BO BCEX
CTpOKax MOCTOSIHHO k = const.
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PacuetHoe 3Hauenne kputepuss Koxpena onpenensercs ClieIyomum
o0pazom

Gp = S%(ym)__./ 2S*(ym), (4.25)

max

rae S* (ylr;)max - HanOoJIbIIIast TOCTPOYHAS TUCTICPCHUS.

[Tonyuennass Benuunna G, cpaBHuBaercs co 3HaueHueM G,. C

BenuuuHOM G, cBs3aHbl naBa mapamerpa: f;= k - 1 - umcno creneneit
cB00OIbI CyMMBI cTosied B 3HameHatesne U f2 = m. Ilo 3HaueHuto yucen
fiu f, u ypoBHio 3HauuMoctu ¥y (00wuHO ¥ = 0,05) U3 pacnpenencHus
Koxpena Haxonsr Gy,.

['unore3a 00 OJHOPOJHOCTHM AUCHEPCUN MPUHUMAETCS, €CIIH
BBITONIHSAETCS HEPaBeHCTBO Gy < Gy, . [Ipu G, > G, aucniepenu npu3HarOTCS
HEOJHOPOHBIMM W  NPUHUMAIOTCA MEpbl 19  JOCTHMXKEHHS  HX
OJTHOPOJIHOCTH.

Ecmn ycmoBue Gp < Gp HE BBINOIHAETCS, TO OJHUM W3 PELICHUHN
ABJISIETCS] YBEJIMUEHHE YUCIIa MTapaJuIeNIbHbIX OMBITOB, TO €CTh €IE OJIMH pa3
WIN HECKOJIbKO pa3 HEOOXOAMMO peaIn30BaTh MATPHUILY IJIaHUPOBAHUSA
HKCIIEPUMEHTA.

Ecnu yBenuueHue yucia napajjiesibHbIX ONBITOB HE AAE€T pe3yJbTara,
TO CIEQyEeT U3MEHUTh METOJI KOHTPOJISI BBIXOJHOTO MapaMeTpa, YBEJIUYUB
€ro TOYHOCTh. HOT1a MpHrOeraroT K MaclITaOUPOBaHUIO (DYHKIIMU OTKIIMKA
- BBOJUTCSA HEKOTOpas MaTeMarhueckas (QyHKUHS OT y (Hampumep,
KBaJPAaTHBIA KOPEHb WX JIOTapudm).

BoinonHuB TpeOOBaHME OAHOPOJHOCTH IOCTPOYHBIX JUCIEPCUN

52 (y}%) MO>KHO MEPENTH K ONPEAECTICHHUIO JUCTIEPCUHN BOCIIPOU3BOUMOCTH,
KaK CpeTHero apu(MEeTHIEeCKOTO 3HAUYECHUS TOCTPOUHBIX JUCTICPCUI

S2(y) = ¥ S(yk)/m. (4.26)
3aTeM HEOOXOAMMO OMPEACTUTh JUCTIEPCHUIO CPETHETO 3HAUCHUS

S?(H) =X S*(y/k (4.27)

N TonpKkO TmOCIAE ATOrO0 MOXHO YCTAHOBUTH  JUCIEPCHIO
KO2(PUIIMEHTOB PErpecCUr MO BHIPAKEHHUIO
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S2(b)) = X S*(¥)/m. (4.28)

3Has S? (y), MOXKHO ONPEAEIUTE OIIMOKY KO3()(UIMEHTOB perpeccun

S(b;)+/S?(b;) (4.29)

B psne cinydyaeB B mpoiiecce HMCCICAOBAHUM CTAaBUTCS BCETO OJUH
AKCIIEPUMEHT BMECTO HECKOJIbKUX IapaiielbHbIX onblToB. Eciin k = 1, To
€CTh, MOBTOPSIEMOCTH OMBITOB HET, TO AUCHEPCHUS CPEAHETO 3HAYCHUS
COBMAJaeT C JHCIEpCHEd MeToJa H3MEPEHHUs, KOTOPBI MOXKET OBITh
OIPENICJIEH MO Pe3yabTaTaM MPEABAPUTENIBHBIX UcciIeqoBaHu. [Ipu s3TomM

S2(b;)S%(m) u S%(b;)S/vVm

Takum oOpazom, ommbOka Kod(PGUIMEHTOB perpeccur B vVm pas
MEHbIIIe OIIMOKH HCIOJIb3YeMOr0 METOJa, YTO SBJISETCA OJHUM U3
JTOCTOMHCTB MHOTO(aKTOPHOTO IKCIIEPUMEHTA.

IIposepxa snauumocmu kosgh@uyuenmos pecpeccuu. Paznuunbie
(akTOphl MOTYT MO-pa3HOMY BIIUATH HA BBIXOJHOM MOKa3aTelb - OJHH
Oospiiie, Apyrod MeHbline. JJisi OLIEHKM STOr0 BIIUSHHUS HCIOIB3YIOT
IPOBEPKY 3HAUYMMOCTH KaxkJ10ro Ko3dpuurenta perpeccuu. C 3Toi 1ebI0
COCTAaBIISIETCSI HEPABEHCTBO

b; > S(b;)t(f) (4.30)

3navyenus kodpduuuenta CThloJeHTAa TMPUBOAITCA B TaOJIUIIC
IIpunoxenus b g 3agaHHON JOCTOBEPHOCTH a4 M 4YUCIA CTENEHEU
cBoOoanl f=m(k - 1).

Ecau ns kakoro nmu6o dakropa ycnosue (4.30) He BBITIOTHSAETCS, TO
COOTBETCTBYIOIINUM (PAKTOp MOXKHO MPU3HATH HE 3HAYMMBIM U UCKJIIOUYUTH
€ro 13 ypaBHeHHs perpeccur. OHaKO HYKHO OBITh OCTOPOXKHBIM U BCET/Aa
MOMHUTH, YTO TPHU TMPOBEACHUU MPEABAPUTEIBHBIX IKCIIEPUMEHTOB YKE
OTCEMBAINCHL He3Hauumble (Qaktopbl. Henwb3s yTtBepxknate co 100 %
YBEPEHHOCTBIO, YTO OKa3aBIIMNUCS HE 3HAYUMBIM (DAaKTOp HE BIUSIET Ha
npotiiecc.

OOBIYHO OTCYTCTBUE 3HAUMMOCTU KO3(P(DUIIMEHTA PErPECCUN MOXKET
OBITh OOYCTIOBJICHO CAEAYIOMUMHU TPUINHAMMU:

* COOTBETCTBYIOIIUH (DaKTOP (MJIM B3aUMOJICUCTBUE) HE UMEIOT
(YHKIIMOHATILHOW CBSI3U C OTKJIUKOM ;
* JIMCIEPCHS BOCIPONU3BOIUMOCTH S?(y) CIMIIKOM BEJIUKA, T. €. Ha
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(¢boHe moMeX BBIICIUTD BIUSHUE JaHHOTO (DaKTOpa HE BO3MOKHO.

Takum 00pa3oM, YCTaHOBJIECHHE HE 3HAUYUMOCTH (HaKTOpa MOXKET
ABJISITBCSL CJICICTBUEM HEYJIAYHO BBIOPAHHOTO HHTEpBajia BapbUPOBAHUS
(oH ObLT BRIOpAH CIMIIKOM MayibiM). bojiee mpaBUJIbHBIM B 3TOM Ciydae
SABJISIETCS PEIIEHNE MOBTOPUTH SKCIIEPUMEHT MPU PACHIMPEHHOM 3HAUYCHUU
€AVHULIBI BADbUPOBAHUA C YBEJIMYEHHBIM YUCJIOM MAPAJUIETbHBIX OIBITOB.
be3ycnoBHO, Mpu 3TOM YHUCIO OMNBITOB, & TAKXKE BpPEMsl IKCHEPUMEHTa
BO3pacTaloT. MHorjga KOJWYeCTBO OMNBITOB MOXHO YMEHBIIUTH, €CJIH
CAVHUILY BapbUPOBaHUS JOOABIATH TOJBKO B OJHOM HaIpaBIICHUH, a
IpYrod ypoBE€Hb OCTaBISITh HeW3MEeHHbIM. Ecimu ¢akTop ocraercs He
3HAYMMBIM I10CJI€ IOBTOPHOU CEPUH IKCIIEPUMEHTOB U BCEX HEOOXOUMBIX
pacueroB, TO €ro (WM HUX) OTOpachlBAlOT W TNEPEXOASIT K OILICHKE
aJICKBaTHOCTH MOJIYYEHHOM MaTeMaTUYECKON MOJICIIH.

Ilposeprxa aodexeamunocmu modeau TPETyCMATPUBAECT IPOBEPKY
OPUHATOW TUIIOTE3bl O JUHEWHOCTH CUCTEMbI M BKJIIOYAET JiBa 3Tamna -
OIICHKY BO3MO>XHOCTH OIIMCAaHHUsSI BBIXOJa Ipollecca YpaBHEHHEM Oe€3
KBaJpaTUYHBIX YJIECHOB M BO3MOXXHOCTH HCIIOJIL30BaHUS ypaBHEHHUs 0Oe€3
MapHBIX YJICHOB.

[lepBbIii 3Tanm - OLlEHKA 3HAYUMOCTH KOA(PQPUIIMEHTOB PETrpecCHH MpH

YJIeHaX BBICHIUX MOPSIKOB. J[JIs1 BHIMOJHEHUS paccMaTpUBAEMOU OICHKH
HY>KHO IOBTOPHTH OIBIT Ha HYJIEBOM YypPOBHE HECKOJIBKO pa3 W IO
MOJYYCHHBIM pe3yJIbTaTaM BBIYMCIUTH CpEIHEE 3HAYCHHUE BBIXOIHOTO
napametpa ¥,. PasHocts |Jo — by|, eciiu oHa He 3HaumMa, yka3biBaeT Ha
BO3MOXXHOCTh HCIIOJIb30BaHMsI ypaBHEHUS 0€3 KBaJpaTUYHBIX YJICHOB.
3HavYeHUE BeIMYMHEI |§, — by | onpenensercs mo popmysam

70 — blol > V32 e (p), (431)

32 — (m=1)S? (b)) +(v=1)S*(Fo)
m+v—2

S? = o) = 2XFo — Yo)z/V(V - 1), (4.33)

, (4.32)

rjae by - CBOOOIHBIN YJIeH B YpaBHEHUU PETPECCUU, OTIPEACIIIEMbIN MOCIe
NOCTAaHOBKH MHOTO()aKTOPHOT'O SKCIIEPUMEHTA;

S? - cpenHeB3BeIIEHHOE 3HAYCHHE U3 IBYX JUCIIEPCHIA;
V - KOJIMYECTBO CEPU OTBITOB C MEPEMEHHBIMU X1, X2, HAXOASIUMHUCS Ha
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HYJICBOM YPOBHE;
ty(), - xosdppunuent Crprogenta i BHIOPAHHOIO YPOBHA

JIOCTOBEPHOCTH M YMCJa cTeneHeit cBoooapl f=(m + v - 2);

S2(¥,) - Aucriepcust CPeTHEro 3HAYE€HMs BEIXOIHOIO IIapaMeTpa IIpu
3HAUYECHUSIX BCEX (PaKTOPOB HA HYJIEBOM YPOBHE.

Ecou HepaBeHCTBO (4.31) BBIONHSETCS, 3TO CBUAETEILCTBYET O
3HAYUMOCTH pasHOCTH |Jy —by| M O HEBO3MOXHOCTH OTOPOCHTH
KBaJPaTUYHBIE YJICHBI
B YpPaBHEHUM PErpeccuy. YKa3aHHas CUTyalusi CBUJIETEIICTBYET O
3HAYUTEILHON KPUBU3HE MTOBEPXHOCTU OTKJIMKA BOJIU3U onTUMyMa. B 310
CUTyallud HEOoOXOoJMMa TIOCTAaHOBKAa (PAKTOPHOTO OSKCIEPUMEHTa C
MEHBIIMMU €TUHUIIAMU BapbUPOBAHUS.

Ecnu ke nmpoBeieHHbIE pacyeThl MOKa3bIBAIOT 0OpaTHBIN pe3yJbTarT,
TO MPUHSITOE MPEANOJIO0KEHUE O BO3MOKHOCTH OMMCAHUS BBIX0/1a Ipolecca
0€3 4JICHOB BBICIIUX MOPSIAKOB B YPABHEHUM PErPECCHUU CIIpaBemIUBO. B
ATOM cllydae JUisi YHPOIICHUS MOJENM Ipolecca KeIaTeIbHO TakKxKe
IPOBEPUTH BO3MOKHOCTh OMKMCAHUS BBIXOJHOTO MapaMeTpa YPaBHEHHUEM C
JUHEWHBIMU YieHAMM 0€3 WX MapHbBIX B3aUMOJICUCTBUIA.

Bropoii 3Tan - npoBepka OnucaHus MPOLECCa JIMHEMHOW MOJEIBIO.
B »Tom cimyyae HeoOxoauMo MpeoOpa3oBaTh MaTpUIly I[UIAHUPOBAHUS
AKCIIEPUMEHTA: HCKJIIOUHUTh BBIXOABI DJKCIEPUMEHTA TIPU IOBTOPHBIX
OMBITaX M JIOMOJIHUTHL MATPHUILy BBIXOJIHBIM TapaMeTpoMm 3P, Iporiecca,
PACCUUTAHHBIM MO YPaBHEHUIO perpeccruu 0e3 MapHbIX B3anMOJCHCTBUH.
s nByX(pakTOpHOro SKCIEPUMEHTA Takas Marpuiia OyJAeT UMETh BU],
IpeCTaBICHHBIN B TaOIUIIC
4.4

Ta6auna 4.4 - IlpeoO6pa3zoBanHas MaTpULA VIS IPOBEPKH ONUCAHMSA MpoLecca
JIMHEHHON MOJeJIbIO

_ ~ ~ _ ~ _ ~ 2
Ne BapuanTa | X1 | X5 | Vi Ym = bo + b1x1 + byx; Ym | Ym — ¥, (}’m - ym)
| -+ v, | 9m=bo+bi(=1) +by(-1)
2 o Y2 | 9m =bo+by(+1) + by(-1)
3 - T Y3 | 9m =bg + by (+1) + by(+1)
4 O Vi | §m =bg + by (+1) + by(+1)

BrInosHUB HEOOXOAUMBIE PACUYEThI, MOKHO OMPEACIIUTH JUCIIEPCUIO
HEaJICKBATHOCTU MOJIENM 0€3 MapHbIX B3aUMOJCHCTBUI
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Sc% = Z(ym _j\lm)2 /(m—i—1),

1€ m - 4YHUCJIO BAapUAHTOB MPH MPOBEIACHUH MHOTO()AKTOPHOTO
SKCIIEPHMEHTA, paBHOE 2¢;

(m-1- 1) - yncao oTOPOIICHHBIX

B3aMMO/JICUCTBU; 1 - UUCIIO (PAKTOPOB.

[TonyuuB 3HadeHue S2 ero CpaBHMBAIOT C JuUcHepcHeil

BOCIIpOM3BOIMMOCTH S (y), onpenenas = S2/ S%(y).
Hanee mo xpurepuro ®uniepa Fucq>F(f1; f2) MOXHO oueHuts

BO3MOXHOCTB OT6paCI)IBaHI/I}I YJICHOB IIaApHBIX BBaHMOﬂefICTBHﬁ.

3nauenue kputepus Oumepa F(fi;f, ) nns creneneit ceodoasr f1 u 2
onpeaensiercsa no tadnuie [punoxenus I'. [Tpu stom fl =m-i1-1,f2=k
- 1.

Ecmu  Fpo>F(fl;f2), To MBI HEe MOXeM OTOPOCHTH mapHBIE

B3aUMO/ICHCTBUS U IOJHKHBI KOHCTaTUPOBATh, UTO JIMHEHMHOE TPUOIMKEHHE
He aneksaTHO. Ecmu F,,q 2F(fisf2), To mapubie B3aumopeiicTBus u3

YpaBHEHUSI PErPECCUU MOXKHO UCKJIIOUHUTh U YpaBHEHHUE perpeccuu OyaeT
aJIeKBaTHO MOJHOCTBIO JIMHEWMHON MOJIEIIN.

Ilpumep 4.1. IlpoBeaeH TpexdaKTOPHBI SKCIEPUMEHT IO
HCCIICIOBAHUIO OCBEIIEHHOCTH Ha pabouem Mecte. B kadecTse
yIpaBiIsieMbIX (DaKTOPOB pacCMaTPUBAIUCh: MOIIHOCTbh OCBETUTEIBLHOTO
npubopa (x1), HampsbkeHue mnuTaHus (X2), BbBICOTa IOJBEcCa
OCBETHUTEJILHOTO Ipudopa (x3).

YDOBHI/I d)aKTODOB IIPUHATHI CJICAYIOIINMMU:

YpoBeHb hakTopoB

PakTopsI N T8 T 1
X 150 50 200 100
X2 220 20 240 200
X3 75 25 100 50

JInd OLIEHKH JIMHEWHOCTH YpaBHEHWs perpeccur BbIxoj y(0 Ha
HYJICBOM YPOBHE ONPEIEIIAIICS TPpU pa3a, mojrydeHsl 3HaueHusa y0 = 157,1;
139,1; 165.4.

B mnpouecce mnpoBeneHuss 3KCIEPUMEHTA BBINOJHEHO TPH CEPUU
onbiToB (k = 3). Marpuiia rmjiaHupOBaHUs IKCIEPUMEHTA U PE3YJIbTAaThI

89




napajuieIbHBIX ONBITOB MPHUBEICHBI B Ta0HIE 4.5.

Tabmuma 4.5 - MaTpuna . IiiaHuPOBaHUs TPeX(PaAKTOPHOI0 IKCIEPUMEHTA

Homep YpoBeHns (pakTopa Pacuernbie moka3areiu BrixoHOM mapamMeTp

ONBITA | Xg | X1 | X2 | X3 [X1Xy |X1X3 |X2X3 |X1XX3 )’7In )’15{ ygl Ym
1 + - - - + + + - 543 49,5 | 39.6| 47.8
2 + + - - - - + + 148,8151,4| 119,]/139.,7
3 + - + - - + - + 102,11 94,2 | 75.3]| 90,5
4 + + + - + - - - 275,5| 273,31 218.6 | 255.,8
5 + - - + + - - + 80.4 | 68,7 | 54.9| 68.0
6 + | + - + - + - - 221.21196.8| 157,]/191.9
7 + + + - - + - 153,41133,2| 105,[130.7
] + + + + + + + + 410,9 | 368.4/294,7|358.,0

[TpoBecTr 00pabOTKy MOTYUYEHHBIX JaHHBIX.

Pemenue. 1. 3anumem ¢GopMynay ypaBHEHHsI pPErpeccud st
TpeX(HaKTOPHOTO IKCIIEPUMEHTA

Ym = bo + byxX; + byx; + bsxz + by ,x1X, + by 3XX3 +

b2,3XpX3 + by 2 3X1X0X3.

2. Berunciaum nocTpoyHO CpeHUE 3HAUEHHUS BBIXOJHOIO MapaMerpa
Vi TIO pe3yJibTaTaM TPeX CEepuil MapajuiebHbIX ONBITOB U 3aHECEM HX B
Tabnuily (mocieaHuil ctoaden Tadnuisl 4.5).

3. Paccuntaem kO3(ppULHMEHTH  perpeccuu  ypaBHEHUS (IO
dbopmynam 4.17 - 4.19).

_47,8+139,7+90,5 + 2558+ 68,0 +191,8 + 130,7 + 358,0

0 3 = 160,3
—-47,8 + 139,7 — 90,5 + 255,8 - 68,0 + 191,8 — 130,7 + 358,0
1= 3 = 76,
—47,8 —139,7 + 90,5 + 255,8 — 68,0 — 191,8 + 130,7 + 358,0
b, = - — 484
—47,8 —139,7 — 90,5 — 255,8 + 68,0 + 191,8 + 130,7 + 358,0
by = - —~ 26,8
47,8 —139,7 — 90,5 + 255,8 + 68,0 — 191,8 — 130,7 + 358,0
b1’2 - 3 - 22,1
47,8 -139,7 4+ 90,5 — 255,8 - 68,0 + 191,8 — 130,7 + 358,0
1,3 = 3 =11,
47,8+ 139,7 — 90,5 — 255,8 — 68,0 — 191,8 + 130,7 + 358,0
23~ =09,
’ 8
—-47,8+ 139,7 + 90,5 — 255,8 + 68,0 — 191,8 — 130,7 + 358,0
b1,2,3 = 8 == 3,8
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[lo pe3ynbTatam pacyeToB YpaBHEHHE PETPECCUU MOXKET OBIThH
IPEACTABIICHO B CIEAYIOIIEM BHUJIE

y =160,3 + 76,0x; + 48,4x, + 26,8x3 + 22,1x:X, + 11,7x;X3 +
+8,7x,%X3 + 3,8%X;X,X3.
4. BpruucauM ommOKy K03 (HULMEHTOB pErpeccu.
Pacuem nocmpounwvix oucnepcuii.

ITo popmyne S2(yX) = X(y, - y,ﬁ)z /(k — 1) onpezensem

2 2 2
2r kv _ (47,8-54,3)2+(47,8—49,5)%+(47,8—39,6)
S ()’1) =

= 56,2.
2

g2 (yé‘) _ (139,7—148,8)2+(139,7—2151,4)2+(139,7—119,0)2 = 3241,
Sz(yé‘) _ (90,5—102,1)2+(9o,5;94,2)2+(90,5—75,3)2 — 1897,

g2 (yi‘) _ (255,8—275,5)2+(255,8—2272,3)2+(255,8—218,6)2 ~1039.1.
Sz(yé‘) _ (68,0—80,4)2+(68,0—268,7)2+(68,0—54,9)2 — 16209.

g2 (yé‘) _ (191,8—221,2)2+(191,8—2196,8)2+(191,8—157,4)2 — 1036,3.
Sz(yéc) _ (130,7—153,4)2+(130,7—2133,2)2+(130,7—105,7)2 = 5733,
g2 (yé‘) _ (358,0—410,9)%+(358,0—368,4)%+(358,0—294,7)2 — 3456,7.

2

Pacuem oucnepcuu 60cnpouz600UMoCmu.
ITo popmyie S2 (y) = ¥5? (yX) / m onpenensem
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56,2 + 324,1 +189,7 +1039,1 + 162,9 + 1036,3 + 573,3 + 3456,7
S2 (y) = . = 854,8

Pacuem oucnepcuu cpednezo snauenus.

$2 (5) = ZSZ (y) / k= 2849.

Pacuem oucnepcuu kosgppuyuenmos peepeccuu.
284,9

5 (0) =5 )/ m s

Owubra xoda¢ppuyuenmos peepeccuu.

S (b)) - |52 (b,) =356 = 6,0.

5. IIpoBepka 0JHOPOIHOCTH MOCTPOYHBIX TUCHEPCUM TO KpuTepuro KoxpeHa.

35,6

Onpeoenenue cymmapHo2o 3Ha4eHus nocmpounslx {ucnepcuil.
ZSZ (yK) = 56,2 + 324,1 +189,7 +1039,1 +162,9 +1036,3 + 573,3 + 3456,7 = 6838,3.

Pacuem 3nauenus xpumepus Koxpena.

k
_cz_ ym) _
p = Nase7 = 0,5.

k
xs? (ym)6838,3

Jist uncna crenener codoas! fi = k -1 = 2, 2 = m = 8 u ypoBHs 3Ha-
yumocTu 0,05 nmo tadmuie [punoxenus B Haxonum 3Hauenne Gn= 0,52.

ITockonbky Gp = 0,5 Menbmie Gn = 0,52, runoreza 00 OJHOPOIHOCTH
JTMCTICPCHUU TTOATBEPIKIACTCS.

6. Ornenka 3HAYMMOCTH K03 (HUITMEHTOB perpeccuu mo kpureputo CThio-
JICHTA.

CocraBuMm ypaBHeHue b; > S ( bi)ta. Koadpunuent Cteroaenta mis =
m(k -1) = 8(3 -1) = 16 u moctoBepHOoCcTH @ = 95 % 1O Tabnuue [Ipunoxenus b
tos(16) = 2,12.

B pesymsrate S(bi ) t,= 6,0 * 2,12 = 12,7.

BrInosHuM O11eHKY 3HAYUMOCTU KO3 (PUITMEHTOB pETPECCUH.

bo=160,3>12,7; b1
=76,0>12,7; b2
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=48,4>12,7,

b3=26,8 > 12,7,
b1,2=22,1>2,7;
bi,3=11,7<12,7,;
b2,3=18,7<12,7;
b1,23=3,8<12,7.

Takum 00pazoM, kodPhuUIMEeHTHI perpeccuu bi, 3, b2, 3 u b1, 2,3 He 3HaAUNMBI
Y ypaBHEHHUE PErPECCUU MOKHO 3alKcaTh B BUJIE

¥,,=160,3 +76,0x; + 48,4x, + 26,8x5 + 22,1x;x,

7. IlpoBepka  NOpPaBWIBHOCTA  MPEAIIONOKEHUS O  BO3MOXKHOCTHU
UCIIOJIb30BAaHUS YPABHEHUSI pErpecCuu 0€3 YWICHOB BBICIIUX MOPSIKOB.

/~2
BocnonszyeMcst HepaBeHCTBOM |y, — bg| > /S (m + v) / vmt,. [lpu aTom

§2 (m-1)S2(b)+(w-1)S%(7,)

—— . B 3TOM ypaBHEHUH YHUCIIO CEPUIN OMBITOB MO

OTIPEICTICHUIO Y0 Ha HYJIEBOM yYPOBHE.
YroGer onpenenuts 52 myxuo kpome S (b;)3mate S%(§,), To ects
JTUCTICPCHIO BBIXOJIHOTO TTapaMeTpa IpH 3HAYCHUSX BceX (PaKTOPOB HA HYJIEBOM
ypoBHe. CpellHee 3HAYCHHE IUCIIEPCHH BBIXOJHOTO TapaMeTpa Ha HYJIEBOM
ypoBHE y, = 153,8.
Onpenenum S2 (yo) o dpopmyie = Y.(¥, — yo)?/v(v — 1).

_ (153,8—157,1)24(153,8—139,1)24(153,8—165,4)2

7°35,6+2:76,6 _
8+3-2

B pesynbrate S? = 41,1.

HOI[CTaBI/IM IMOJIYYCHHBIC 3HAYCHHA B HCPABCHCTBO

Vo —| > \g (m + v) / vmt,, IpUHSIB YUCIIO CTETICHEH CBOOOIBI
f=(m+v-2)=9ua=0,95, nonyuum

|153,8 — 160,3| > \/44,7\/(8 +3)/8-3-2,26 = 9,8, T0 ecTh 6,5>9.8.
Paznuune mexmy y, u b, CTaTUCTHYECKH HE3HAYHMMO, CJICIOBATEILHO,
TUIIOTE3a O BO3MOXKHOCTH HCIIOJIb30BaHUSl YpaBHEHUs 0e€3 KBaJpaTUYHBIX
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YJIEHOB BEpPHA.

8. IIpoBepka TMHEMHOCTH MPUHATON MOJEIIH.

Pe3ynbratoM Takoil MpOBEPKH SIBISETCS OILEHKA BO3MOXKHOCTHU OTOPO-
CUTb MMapHbIE B3AUMOCHCTBHUS.

[ToctpouM Matrpuily IIaHUPOBAHUS TPEX(HAKTOPHOTO IKCIEPUMEHTA C
OTOPOIIEHHBIMH YJICHAMU MAPHBIX B3aUMOJICHCTBUM, IOMOJHUB €€ 3HAUYCHUSIMU
¥,,» PACCUNTAHHBIMH 110 YPABHCHHIO PETPECCHUH.

Ne| X1| Xy | X3| Vm m = Do + b1Xg + byXy + bsxs| §m |Vin — 9| Tm — Im)?
1| -] -1]-1478| 9, =by—b;—b,—bs | 9,1 | 387 | 14977
20+ | - | - 11397 9,=by+b,—b,—bs |161,1| -214 | 4580

3| -+ | -19.5| 9s=by—b,+b,—bs |1059 -154 | 2372
40+ | +| - (2558 9,=by+b,+b,—by [257,9] -2.1 4.4

5| -] -] +]680| 9s=by—b,—b,+bs |627| 53 28,1
6|+ | - | +[191,8] 9s=by+b,—b,+bs |214,7| -22,9 | 5244

70 -]+ | +[130,7| §,=by—b,+b,+b; |159,5| -28,8 | 8294

8| + | + | +|3580| §$g=by+by+b,+bs |311,5] 46,5 | 21623

[TocnemoBarenbHO paccunTaeM 3HAYCHHSI Ym 110 YPABHEHHAM JIJIST KaXKI0TO
HOMEPA BAPUAHTA, Vi — Vim » (Vm — ¥m)?. Pe3yIbTaTh 3aHECEM B TAOIULLY.
OnpenenuM TUCTIEPCUIO HEaCeKBAaTHOCTH

_ Z(ym—?m)z 57415
T om-i-1 4

S2 = 1453,3.

2
BeimonanMm cpaBaenue S; 1 S2(y) 1o kputeputo durepa
S 14533

Foaca = s%(y) 8548 1,7.

Haiinem Tabimmunoe 3Hauenue kpurepus Oumepa F(f;, f,). dns creneneit

cBoOoabl fi=m-i-1=4 u f,=k-1=2 u a =95 % no Tabmune I[lpunoxenus I’
onpenensieM F(fi,f2) = 19,3.

B pesynbrare Koy < F(f1,f2), uro cBumerenscTtByer o TOM, YTO
JOCTaTOYHO TOYHO MOKHO OMMCATH Mpoliecc 0€3 NapHbIX B3aUMOAECUCTBHIA.

Takum 00pa3oMm, OKOHYATEIHHOE YpPaBHEHUE PETPECCUU MOXKET OBITh
MPEICTABJICHO B CIEAYIOIIEM BUIE

y =160,3 + 76,0x; + 48,4x, + 26,8x;
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3KCH€pI/IM€HTaHBHa}I OoIITUMHU3AIUA IIPHU ITOCTAHOBKE MHOFO(l)aKTOpHOFO
OKCIICPUMCHTA

ITocne mosiydeHUsT JTUHEMHOW MOJIENH, ONMUCHIBAIOUIEN JOKAIBHYIO
o0nacTh (haKTOPHOTO MPOCTPAHCTBA, UCCIEIOBATENO0 HAJIC)KUT MPUHATDH
pelieHHe O JaJbHEWIIEM XOAE MCCICHOBAaHUS - CIEAyeT Ju
ONTUMU3HPOBATH MPOIIECC, JABUTAACH B HANpPaBJICHUU TPaUEHTa, JUOO
00J1aCTh SKCTPEMYyMa y>Ke JOCTUTHYTA.

OKCTpeMaJIbHBIE 3aJ]aud UMEIOT 1€JIb ONPEACICHUS HAWTy4lIero
3HAYCHMS 1eJeBOM (DYHKIMH, B KAYECTBE KOTOPON MPUHUMAIOT 3HAUCHUE
WHTEPECYIOIIEN UCCIEN0BATENS XapAKTEPUCTUKHU MPOLIECCA.

Jist 3TOr0 Ha OCHOBE BBIOPDAHHOrO TIIIaHA CTPOSIT MOJIEb,
OTBEYAIOIIYI) pACCMAaTPUBAEMOMY OTKJIMKY, U, UCIIOJb3YS €€, C TOMOIIBI0
U3BECTHBIX METOJOB MOMCKA AKCTPEMyMa HAxXOASAT 3HAUYCHUSI (PAKTOPOB,
IIpU KOTOPBIX IieeBas GyHKIUs OyaAeT akcTpemainbHa. Ha mpakTuke Takoit
MOAXOJ YacTO PEAIM3YeTCSd TaK Ha3blBAEMBIM METOAOM KPYTOIO
BocxoxaeHus (MeToa bokca-Yuscona).

Metoa KpyTOro BOCX0XJIEHHUS (CIyCcKa) yA00OHO HHTEPIPETUPOBATH C
YEJIOBEKOM C 3aBSI3aHHBIMHU TIJ1a3aMH, HAXOASIIUMCA Ha CKIOHE TOpHI,
KOTOPOMY  HEOOXOJAMMO JOCTUTHYTh BEPIIMHBI (WM  TTOJHOXKUS)
KpaT4aummm myTeM. [[Jis 3Toro oH JOJDKEH OIEHUTh CHUTYAlWIo, CAECIIaB
MOOYEPETHO BO BCEX YETHIPEX HAMPABICHUSX MO IIAary, YTOObI BHIOPATH
HanpaBJeHUE NBWKEHUA. [lociie 3TOro OH MOXKET JBUTAThCA B HYKHOM
HarpapyieHUU. JIOCTUTHYB BEpIIMHBI (TTOJHOXKUS) YEJIOBEKY HEOOXOAUMO
BHOBb ITPOBEPUTH MPABMIIBHOCTh JOCTHXKEHUS LIEJIU ITyTEM MMOOYEPEIHON
OIICHKA KPYTHU3HBI CKJIOHA BO BCE YETHIPE CTOPOHBI, CJI€JIaB MO OJHOMY
mary.

PaccmaTpuBaeMbiii METOA MOKHO MPUMEHHUTH K MIOMCKY ONTUMYyMa
IpU IPOBEJICHUU MHOTO(aKTOPHOTO IKCIIEPUMEHTA.

[TonyueHHOE ypaBHEHUE PETPECCUU OMTUCHIBAET HEOOJIBILION Y4aCTOK
MOBEPXHOCTU OTKJIMKA. BenuunHbl K03((PUIHUEHTOB perpeccuu Mpu
JUHEWHBIX YJIeHaX Jal0T HEOOXOJAMMOE MPEeCTaBICHHUE O MPOIOPIMHU, B
KOTOPOH CleAyeT MEHATh (DaKTOPhI, YTOOBI JOCTHYH ONITUMYMA.

bokc u YwicoH mnokaszanu, 4YTO IPU HAIUYUUA CEPUU OIBITOB,
NPOBEACHHBIX TaKUM OOpa3OM, YTO B Ka)XOM IMOCJIEAYIOIIEM BapUaHTE
coliep)KaHue X; U X, (Hampumep MNpu ABYX(aKTOPHOM HKCIEPUMEHTA)
IPOMOPIMOHATBHO MPOU3BEACHUIO KOI(PPUIIMEHTOB PErpeccHuu JTaHHOTO
(dakTopa Ha BEJIMUMHY €T0 €IMHULIBI BAPbUPOBAHUS, TO TAKOE IBUKECHUE 110
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MOBEPXHOCTU OTKJIMKA U OyJIeT KpaT4allliuM B 30HE ONTUMYMa.

PaccmoTpruM KOHKpPETHBIN IPUMED.

Jlns ommcaHWs BBIXOJHOM KOOPAWHATHI HA HEOOJBIIIOM YYacTKe
MOBEPXHOCTU OTKJIMKA OBLI MOCTABJICH MOJHBIA (DAKTOPHBIN IKCTIEPUMEHT
C HYJIEBBIM
YPOBHEM B TOUKAX X; =4 U X,= 3. EAUHMIIEI BApbUPOBAHUS OBLIM BHIOPAHBI
w=1, yy =0,5. YpaBHEHHE perpeccuu NOJyYEHO B CICAYIOIIEM BUAE
y=56+14 x; +8 X,.

ITo pe3ynbpTaTtam sKCriepuMeHTa Mbl umMeeM: =1, b;=14, b;yu;=14;
u,=0,5, b, =8, b, 1, =4.

B kauecTBe «irara» BeioepeM Benuuuny 0,1b; ;. B aToM ciydae nan
KPYTOT'O BOCXOKJICHUS OYI€T BEIYUCISATHCS CIEAYIOIIUM 00pa3oMm.

Bunx 0603Ha- No
YCHUS YPOBHS BapI/Ié_lHTa 1 2 3 4 5 6
akTona
< 0 0+ 0+ 0+ 0+ 0+
VY coBHBIE 1 *1 0,1b;14 | 0.2b:14 | 0.3, | 0.4b,u4 | 0,5b, 4
0003HaYEHHU < 0 0+ 0+ 0+ 0+ 0+
2 1 by, 22bou, | 03b,1, | 0.4byu, | 0,5b,,
Peanbnble X4 4 4+14 | 4+28 | 4+42 | 4+56 | 4+7.0
Yyucia X, 3 3+04 | 3+08 | 3+12 | 3+1,6 | 3+2,0

IIpoBens paccmMaTpuBaeMy0 CEPHUIO OIBITOB, IOJYYEHBI CIEIYIOLIUE
3HAYEHMSI BBIXOAA

Ne Bapuanta 1 2 3 4 5 6

Beixos 64 71 79 86 87 74

[IpuBeeHHBIC JaHHBIE CBUJECTEIBCTBYIOT O TOM, YTO HAauWHAs C
YETBEPTOr0 BapuaHTa JajbHeilliee M3MeHeHHe (PaKTOPOB (JABUIKEHHE IO
IpaJUEHTy) YK€ HE MPUBOAUT K CYLIECTBEHHOMY M3MEHEHUIO BBIXOJIHOTO
napamerpa. B pesyiabrate MOXXHO CYUTaTh, YTO ONTHUMAJIbHOE
COOTHOIIIEHUE (PAKTOPOB COCTABISACT X1 = 8,2 U X =4,2.

YtoOBl YTOYHUTH ONTHUMAJIBLHOE COOTHOIICHUE MPOBOIUTCS HOBBIN
(GaKkTOpHBIM HIKCHEPUMEHT C TMPHUHITHIM ONTUMAJIbHBIM 3HAUYCHUEM
dakTopoB. B 30He onTHMyma KO3(DGIHUIMEHTH perpeccuu JIOKHBI OBIThH
HE3HAUYMMBbI TIPU JIMHEWHBIX YJieHaX ypaBHEHUs. Eciu ke OokakeTcs, 4To
KaKON-1100 13 KOd(PPUIIMEHTOB PErpecCcur NMpu JUHEUHBIX YiIeHax OyJeT
3HAUUMBIM, TO CIEAyeT CKOPPEKTUPOBATh MPOrpamMMmMy  KpPyTOro

96



BOCXOJKJICHHUSI, UCTIOJIb3YsI BHOBb PACCUMTAHHBIN TPAIUCHT.

Cnenuduyeckue OCOOCHHOCTH, BO3HHMKAIOUIME TIPU  aHAJIHU3E
ypaBHEHHUSI PETPECCUU:

1. Ecnu ananu3 ypaBHEHUS PErPEeCCHM MOKA3bIBACT, YTO M3Y4aeMbIH
IPOIIECC HEJIb3s ONMUCATh YpaBHEHHEM 0€3 WICHOB BBICIIUX MOPSIIAKOB, TO
ATO CBHUJETEIBCTBYET O OJU30CTU K ONTHUMAJIbHON O0JacTH U KPyTOE
BOCXOXJICHHE BBITIOIHITH HEIleJIeco00pasHo.

2. B cimydae omucaHus miporiecca ypaBHEHHSIMHU 0€3 YJICHOB BBICIIINX
MOPSIAKOB, HO € TMapHBIMH  B3aUMOJACHCTBUSIMH  PEKOMEHIYETCS
UCTIONIb30BaTh MPOrpaMMy KPYTOTO BOCxoxaeHus. OmHako mocie
MOJIYYSHUST ONTUMAJILHOT'O 3HAYCHUSI BBIXOJIHOTO IMapaMeTpa HeoOXoauMa
MOCTAaHOBKA e€IIe OJHOTO (haKTOPHOTO HKCHEPUMEHTA IJid YTOYHEHHUS
HaIpaBJICHUS JIBM)KCHUS 110 TPAIUCHTY.

3. Ecnu nokasaHa aJieKBaTHOCTh JIMNHEHHOTO TIPUOJIMKEHHS, TO
MPOBEACHUE KPYTOTO BOCXOXKICHUS 2P (HEKTUBHO U €r0 PEKOMEHAYETCS
BBITIOJTHATH B 0053aTEIBHOM MOPSIIKE.
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5 CratucTtuyeckasi 00padoTKa pe3yJabTaTOB UCCJAET0BAHMI

[Ipy mpoBeEeHUM OMBITHBIX MCCIEIOBAHUM PA3INYAlOT MAaCCUBHBIN
WIM aKTUBHBIM 3KCIIEPUMEHTHI. METOI00THsI TACCUBHOTO 3KCIIEPUMEHTA
IpeJrnojiaraeT MpoBeACHUE OOJIBIIION CEpUM ONMBITHBIX MCCICAOBAHUM C
MOOYEPEIHBIM BAPHUPOBAHUEM 3HAYCHUIM BXOJHBIX MEPEMEHHBIX U
AHAIM30M PE3YJIbTATOB M3MEPEHUH BBIXOOHOM mniepeMeHHon y. K
MaCCUBHOMY JKCIIEPUMEHTY MPUHATO OTHOCHUTH TaKXe cOOp M 00paboOTKy
ONBITHBIX JAHHBIX B MPOILIECCE HKCIUTyaTallUH SJIEKTPOIHEPIETUUECKUX
ycTaHoBOoK. (OOpabOoTka  pe3yJdbTaTOB IMaCCUBHOTO  DKCIEPUMEHTA
MPOBOJAUTCA METOJIAMHU PETPECCUOHHOTO M KOPPEISIMOHHOTO aHajau3a, a
TaK)Ke€ BBIOOpA AMIMPUYECKOM MOJIENH, TO €CTh YCTAHOBJICHHS 3aKOHA
pacupeaeaeHus UCCIEAYEMOU CITyYaHOW BEJINYNHBI.

3aKoHBI pacmpeeieHus] CIy4alHbIX BEJIWYMH MPAKTUYECKH MOTYT
OBITH TIOJIYYEHBI IBYMS MYTSIMU: TyTEM aHATUTHYECKOTO MCCIICIOBAHUS U
nmyTeM 00paOOTKHU IKCIEPUMEHTAIBHBIX JAHHBIX. B IepBOM cityyae 3aKOHbI
pacrpeiesieHUs] HaXOIAT MPOBOISl aHATIU3 TIPUPOIbI KAKOT0-JIMOO SIBIICHUS
WM TIpoliecca U ONPEACICHHBIX MaTeMaTUYeCKUX omnepainuid. Bo BTopom
Clly4ae MpOU3BOJUTCS COOp HEOOXOIUMBIX SKCIEPUMEHTAIbHBIX JAaHHBIX.
JlaHHbIE MOTYT OBITh TMOJYYE€HBI JHOO B PE3yJbTaTe CHEHHAIBHO
MOCTABJIICHHOTO JKCIEPUMEHTa, JHUOO0 B pe3yibTare HaOmoaeHuil. B
npolecce MPOBEACHUS JKCIEPUMEHTAa HaKaIlJIuBaeTcs OO0JbIIoON 00beM
pa3HOOOpa3HbIX JTaHHBIX, KOTOPHIC HA MEPBBIN B3IV MOTYT BBITJISICTh
BecbMa XaoTHYHO. OT MX MPaBUILHOW OOpaOOTKM BO MHOIOM 3aBUCHUT
MHTEPIIPETALUs PE3YJIbTATOB IKCIIEPUMEHTA.

Craructudeckas 00pabOTKa HAKOTUICHHOW MHQOpPMAIMU MO3BOJISET
MOJIYYUTh AaHATUTUYECKYIO 3aBUCUMOCTb HCKOMOI'0 3aKOHA pacipeeIeHuUs
BEPOSATHOCTEHN U BBIYUCIUTH MapaMeTPhl pacipeieaeHusl.

DKCIIEpUMEHTAIbHOE  ONpeJeJieHne  3aKOoHa  paclpeaesieHus
CIIy4ailHOM BEJIMYUHBI UTPAET 0CO0YIO0 poJib. Kak ObI ri1y0OKO U TIIATEIBHO
HE ObLIIO TPOBEJICHO AaHATUTUYECKOE UCCIIEIOBAaHUE, B PE3YJIbTATE KOTOPOTO
MOJTYYeH 3aKOH paclipe/ie/IeHNs, OKOHYATEJIbHOE 3aKITI0UCHUE MOXKET OBITh
CIEIaHO TOJIbKO 0a3UpPysICh HAa SKCIIEPUMEHTE.

CnemnuanbHass  aucIUIUinHa ~ «MaremaTuueckas  CTaTHUCTHKA
3aHUMAaeTCad pa3pabOTKOM METOJOB pPETUCTpalliU, ONUCAHMUS W aHalu3a
CTATUCTUYECKUX IKCIIEPUMEHTAIBHBIX TAHHBIX, MTOIYy4YaeMbIX B PE3yJIbTATE
HaOII0ICHUSI MaCCOBBIX CITyJalHBIX siBIeHUH [5]. OHa pemaer ciaeayomme
OCHOBHBIE 33/1a4H:

* MOCTPOSHHE CTATUCTUUECKON (PYHKIIMHU pacrpeeeHUsl CITydYaiHOM
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BEJINYWHBI;
* HaXO0XJEHHE CTATUCTUYECKUX YUCIOBBIX XapaAKTCPUCTHK;
* OINPEAEIEHUE CTATUCTUYECKUX MapaMETPOB 3aKOHA
pacupenesneHus, €CJIM TUIT 3aKOHA U3BECTEH;
* ONpPEAEICHHUE TUIIA 3AKOHA PACIIPEICIICHNUS;
* CTaTUCTHUYECKAas MPOBEPKA TMIOTES.

l'enepanvuas cosoxynHocms u ciuyuaunas evibopka. Ha mpaktuke
UCCleoBaTeNlb OOBIYHO pacmoJiaraeT JIWIlb OTPAaHUYEHHBIM YHUCIIOM
3HAQYEHUN CIIy4yalHOW BEJIMYMHBI, MPEACTABISIIONIUM COOON HEKOTOPYIO
BBIOOPKY M3 T€HEPATbHOW COBOKYITHOCTH. B cHily 3aKoHa ciiydasi Kakue-To
BEJIMYMHBI, OMPEACICHHbIE MO MajoOMy 4YHWCIy HAOJIOJECHHI, B OO0IIEM
CJIy4yae MOTYT HE COBNAJATh C TEMU K€ BEJIMYMHAMH, BEIYMCIECHHBIMH 10
OOJBIIIOMY YHCITY HAOIIOJCHUM, BBITIOJHEHHBIX B TEX JK€ YCIOBHSIX.
[TopToMy B MaTe€MaTHMYE€CKON CTAaTHUCTHKE BBOJAT aOCTPAKTHOE TMOHSTHUE
rE€HEPaJIbHOW COBOKYITHOCTH, COCTOSIIEN M3 BCEX JONMYCTUMBIX 3HAYEHHM
CIIy4yallHOM BEJIMYMHBI U BHIOOPOYHOM COBOKYITHOCTH, IPEACTABIISAIONICH
co0o0li OrpaHUYEHHOE YUCIIO 3HAUCHHH, TOJIyYEHHBIX B pE3YJIbTaTE ONBITOB.
NubiMU  coBaMH, BBIOOpKA TMpEACTaBIsET €000 OTOOp 3HAYEHUM
CJIy4YallHOM BEJIMYMHBI U3 T€HEPATIbLHOU COBOKYITHOCTH.

B COOTBETCTBHU C 3TUM pa3inyalOT BHIOOPOUYHBIE XAPAKTEPUCTUKU
CIy4allHOW  BEJIMYMHBI, HAWJEHHBIE IO OrPAHHUYECHHOMY  YHUCITY
HAOJNIOAEHUN M 3aBHUCSIIME OT 3TOTO YHWCIA, U COOTBETCTBYIOUIUE UM
XapaKTEPUCTUKU TeHEpadbHOM COBOKYHMHOCTH. [Ipu 3TOM BBIOOpOUHBIE
XapaKTEPUCTUKU PAaCCMATPUBAKOTCS KaK OIEHKH COOTBETCTBYIOLIUX
XapPaKTEPUCTUK TEHEPAIIBHON COBOKYITHOCTH.

Bri0opku MOTYT OBITH TTIOBTOPHBIMH M O€CHOBTOPHBIMU. B mepBom
cilyyae OTOOpaHHBIN 00BEKT BO3BPAIIAETCS B TEHEPATIbHYIO COBOKYITHOCTb,
BO BTOPOM ciyyae - He Bo3Bpamaercsi. OOBIYHO NPUMEHSIOTCS
OeCOBTOPHBIE BHIOOPKHU.

Bri0opka Ha3pIBaeTCA penpe3eHTaTUBHOM (MPEICTaBUTENBHOI ), €CIIH
OHAa JAeT JIOCTaTOYHOE Mpe/CcTaBlIeHHE 00 OCOOCHHOCTSIX T€HEpaJbHOU
COBOKYIHOCTH.

Cnyuatinaa @ynxkyua pacnpeoenenus. ICXOAHBIMU AaHHBIMU JUIS
CTAaTUCTUYECKOTO HCCJIEIOBAaHUSA CIY4alHOM BEJIWYHUHBI X Yallle BCETO
ABJIsIeTCS HAOOp n HAOMIOACHUN ee peanu3aiui (peanusarus CiaydanHon
BEJIMYMHBI - 3HAYCHHE, MNPUHUMAEMOE €0 B OIbITe). OTOT HabOp
Ha3bIBAETCS IPOCTOM CTATUCTUYECKON COBOKYIMHOCTHIO. OOBIYHO IpOCTast
CTAaTUCTUYECKasi COBOKYIHOCTb O(OpMIIsieTCS B BUJIE TaOIHUIBI C OJHUM
BXOJIOM, B [IEPBOM CTOJIOLIE KOTOPOM CTOMT HOMEP OIbITA 1, & BO BTOPOM -
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HaOJIFOJICHHOE 3HAaUCHHE CIydalHOM BelInuuHbI (Tadauma 5.1).

Tab6auna 5.1 - CryvaitHas BeJIJMYMHA UMITYJIbCHOTO HANIPSKEHHUS B JIEKTPUYECKOM
CeTH

1 Ui,KB 1 Ui,KB 1 Ui,KB
1 2,3 8 4,4 15 3,7
2 1,6 9 2,8 16 3,2
3 4,1 10 3,6 17 4,9
4 2,9 11 3,3 18 6,6
5 3,4 12 5,0 19 5.4
6 4,3 13 6,1 20 1,9
7 2.8 14 3,1
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J1s1 ynoOCcTBa MCTIOIB30BaHUS UCXOAHBIN CTATUCTUUYECKUN MaTeprall
3allCBHIBAETCS B BHUJE BAPUALMOHHOIO psija, rae Homepa oT 1| g0 n
MPUCBAKUBAIOTCS pealin3allusiM B MOPsJIKE UX Bo3pacTaHus (Tadbmnuia 5.2).

Taoauna 5.2 - BapuanmoHHbIH Psii, COCTABJEHHBIH MO JAHHBIM Ta0aUIbI 5.1

1 2 3 4 5 6 7 8 9 10
1,6 1,9 2,3 2,8 2,8 2,9 3,1 3,2 3,3 3,4
11 12 13 14 15 16 17 18 19 20
3,6 3,7 4,1 4,3 4,4 4,9 5,0 5,4 6,1 6,6

[IpocToif cTaTUCTUUECKUW PsiA TPEACTABIAECT COOOM TMEPBUUYHYIO
dbopMy 3amuCH CTAaTUCTHUYECKOTO MaTepuaia U MOXET ObITh 00paboTaH
pa3IMUHBIMU criocobamu. OTHUM U3 CIIOCOOOB TaKOW 00PaOOTKU SIBIISICTCS
MOCTPOCHUE CTATUCTUUECKON PyHKIIMH pactpenenenus. OHa npeacTaBiseT
co0O  TPEPBHIBUCTYIO CTYINEHYATYI0 (YHKIUMIO, CKA4Kd KOTOPOM
COOTBETCTBYIOT HAOJIIOJICHHBIM 3HAYCHUSIM CIIy4alHOW BEJIWMYUHBI U TIO
BEJIMYMHE PABHbI YACTOTAM 3TUX 3HAUYECHHUM.

Cratuctuueckoi (yHKIIMEH pacrpeieieHus CIydailHON BETUYUHBI
X Ha3piBaeTcss dYactora coObiTus X < X B JAaHHOM CTaTUCTHYECKOM
Marepuane
F*(x) = P*(X < x).

st Toro d4roObl HaWTHM 3HAYEHUWE CTATUCTHYECKOW (PYyHKIUU
pacnpeneneHus sl JTaHHOTO 3HAYEHUSI X JOCTATOYHO IMOJCYUTATh YUCIIO
OIBITOB, B KOTOPBIX BeJMYMHA X MPHUHSJIA 3HAYCHUE MEHBIIE, YeM X U
pa3enuTh Ha OOlllee YMCIO N MPOU3BEAEHHBIX ONbITOB. Hampumep, st
CIIly4YallHOM BEJIMYMHBI UMITYJIbCHBIX HANPSIKEHUN B DJICKTPUYECKOU CETH
cTaTUCTUYeCKass (PYHKIMS pacnpeniesieHus: OyJeT BBIMJISAIETh CIEAYIOIUM
00pa3oM (pucyHOK 5.1).
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Pucynok 5.1 — BriOopouHast pyHKIUS pacnpeaeieHus

Ecnu X HempepbiBHasi ciiyyaliHas BEJIMYMHA, TO MPU YBEIUYECHHUU
qucia
HaOMIOeHUH n yucio ckadykoB ¢yHkiuu F*(X) yBeauyuBaeTcs, caMu
CKauKd yMEHbIIATCA © Tpaduk ¢GyHkuuu F*) HeorpaHM4eHHO
npubamKaercss K IiaaBHOW kpuBod F(x) - dyHKuum pacnpeneneHus
CIIly4YallHOM BEJIMYUHBI X.

B npuHLMne noctpoeHne CTaTUCTUYECKON (PYHKIMU pacrpeieICHHs
y>Ke pellaeT 3a/lauyy OMUCaHUs dKCIEPUMEHTaIbHOro Marepuana. OgHako
pu OOJIBIIIOM YHCJIE ONBITOB Pa0OTaTh C BAPUALIMOHHBIM PSIZIOM HEYI00HO.
Kpome 3Toro B nHTEpEcax HarJsIAHOCTH BMECTO (DYHKIIUU paCTIpPEACICHUS
F*(x) mydiiie ucnosiap30BaTh IUIOTHOCThH pacrnpenesieHus p*(x). B atom
ciydae UCXOHBIN CTaTUCTUYCCKUI Marepuanl MOABEPraroT
peaBapUTENIbHON 00padoTKeE.

Cmamucmuydecku psad U UCMOSPamMMa pacnpeoenenusi CLy4auHoll
genuyunvl. llpenBaputenbHass o00pabOTKa CBOJUTCA K TOCTPOECHUIO
CTaTUCTUYECKOTrO psAga. Bech nuana3oH ciy4aliHOM BEJIMYMHBI IETUTCS Ha
UHTEpBAJIbl M  TOJCYUTHIBACTCS  KOJUYECTBO  WICHOB  BBIOOPKH,
MPUXOJISIINXCS Ha KaX bl HHTEPBaI.

Yucno unTepBasioB (k) MOXHO BBIOMpaTh MPOU3BOIBHO WU IO
AMITUPUUECKUM (HOpMyJiaM, HapUMeEP 0 BBIPAKEHUIO

TN e e o o o o i — — — —————

|
|
I

P +——

0

k=1+1,39Inn. (5.1)

Bennuunna k okpyrisiercs 10 OJIMKaulIlero 1enoro.
JInuHa MHTEpBaia Mpu TOM paBHA
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h = Xmax = Xmin/k.

Yucio MHTEpBAJIOB, HA KOTOPBIN CIeAyeT pa30uBaTh CTATUCTUUECKUIM
psn, pekoMmeHayercs opath nopsaka 10 ... 20 [5].

JlirHa MHTEPBAIOB MOXET OBITh KaK OJMHAKOBOM, TaK U Pa3TMYHOM.
[Ipome mpoBOAUTH O00pPaOOTKY CTAaTUCTUYECKUX JaHHBIX, KOrJa
UCIIOJIB3YETCS OJJMHAKOBAs JJIMHA UHTEPBaJOB. OHAKO, B Cily4dae KpauHe
HEPaBHOMEPHOTO  pacHpeielieHus]  CIy4yalHOW  BETUYMHBI  OBIBAeT
ONpaBJaHO MPUMEHEHHUE PA3TUYHOMN JJIMHBI UHTEPBAJIOB.

Yucino 3HaYCHUI CilydyailHOW BEJIMYWHBI, TONABIINX B 1-i MHTEpBAJI,
o003HauMM yepe3s n;. Toraa yactoTa AJis 1-ro HHTEpBaja Oyer

p; = n; /n. (5.2)

[Ipr mpoBeaeHMH NpeaBapUTEILHOM OOpPaOOTKH CTATHCTHYSCKOTO
Martepuasia W (HOPMHPOBAHWHM CTATUCTHYECKOTO PsAda €CTECTBEHHO
BO3HHMKAET BOIPOC OO0 OTHECEHWH K TOMY WM JPYyroMy HHTEPBAITY
3HAYCHHUH CIydaifHOW BEJMYMHBI, HAXOIAIIUXCS TOYHO HA TPAHUIIEC IABYX
pa3psaoB. YCIOBHO MOXKHO CYHTaTh WX MPHHALICKAIIUMHA K 000MM
paspsiaM | IMOJSIUTh TTOTI0JIaM JIJIs OJHOTO M BTOPOTO pa3psjaa.

CraTucTuuecKu psij1 3aMuChIBaeTCs B BUJI€ TaOIUIlGI (Tabauia 5.3)

Tabauua 5.3 - CtaTucTU4ecKuil psi AJIUTEIbHOCTH OTKJIKYEHUI BO3TYIIHbIX
JIMHUI YJIeKTponepenayu HanpsikeHuem 10 kB

At; 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8
An; 66 41 30 18 9 6 4 2
n; 0,38 023 0,17 0,1 0,051 0,034 0.022 0.011

[Tony4yeHHBIN CTAaTUCTUUECKUM PsiJ OOBIYHO O(DOpMIIIETCS B BHUJE
rucTorpamMMmsbl. [l ee MoOCTpoeHWsT Ha OCHU aOCIUCC OTKJIAIbIBAIOTCS
MHTEPBAJbl CTAaTUCTUYECKOrO psaa. Ha kaxgoM uHTEpBane, Kak Ha
OCHOBaHUHU, CTPOUTCS MPAMOYTOJIbHUK, BBICOTA KOTOPOI'O paBHa 4acTOTE
JAHHOIO MHTEpBaJia. B KauecTBe mpumepa MOCTPOMM TUCTOrpaMMy s
CTaTUCTUYECKOTO Psijia, MPUBEICHHOTO B Tabiuie 5.3.
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Pucynok 5.2 — I'ucrorpamMmma JJIMTENHHOCTH OTKJIFOUCHHM JIMHUN HanpsikenreMm 10 kB

[Tonnas mmomane ructorpammel paBHa 1. [Ipu yBenmdyeHun yucna
OTBITOB THUCTOrpamMMa OyJieT Bce OoJjble MpUOIMKATHCA K HEKOTOPOM
KPUBOM, OTpaHUYMBAIONIECH TIJIONIaAb PaBHYIO 1. DTa KpuBas MpeaCTaBIIsIeT
co0oi rpaduK MIOTHOCTH PaCTIPEICICHNs BETUIMHBI X.

Yucnogvie xapaxmepucmuxy Cmamucmuyecko2o pacnpeoeieHusl.
[Ipu 006paboTKe Pe3yabTaTOB HAOIIOICHUI OOBIYHO HE YJIa€TCSl TOJTYUYUTh
AMIIUPUYECKYIO (QYHKIUIO pacnpeneneHus. OaHako 0Opu 3TOM B
OOJIBIIIMHCTBE CJIy4yaeB yAAeTCSd YCTAaHOBUTH THIl HEU3BECTHOU (YHKIIUU
pacnpenenenusi. OKOHYATENbHOE YTOYHEHHWE HEU3BECTHOM (DPYHKIIMU
pacrpesiesieHus CBOJUTCS K  OMNPENEIICHUI0O HEKOTOPBIX YHCIIOBBIX
napaMeTpoOB paclpeaeICHUs.

[To BeIOOpKAaM  MOTYyT  OBITh  pPACCUMTAHBl  BBIOOPOYHBIE
CTaTUCTUYECKHE XaPAKTEPUCTUKHU (BBIOOPOUYHOE CpeAaHee, TUCTIEPCHUs U T.
1.), KOTOpBIE SIBJISIOTCA OIIEHKAMH COOTBETCTBYIOIIMX TE€HEPaIbHBIX
napaMeTpoB.

BriOopouHbie 3HaUeHUSI OYAYT OTINYATHCS OT 3HAUCHUM MTapaMeTPOB
reHEepaJbHOW COBOKYIHOCTH, OJHAKO OHM JalOT TMPEJACTaBICHHE O
BEJIMUYMHE TMOCIEeAHUX. Takoe NpUOIMKEHHOE 3HAYEHUE CIy4YailHbIX
[MAapaMETPOB  TE€HEPAIIbHOM  COBOKYIHOCTH  HA3bIBACTCA  OLECHKOU
napaMeTpoB. {711 TOro 4ToObl CTATUCTUYECKHE OLICHKU JIaBaIN HAWUJTydIllee
NpUOIMKEHUE OIEHUBAEMbBIX MapaMeTpPOB, OHU JOJHKHBI yAOBJIETBOPATH
psly TpeOOBaHMUIA.

[Ipy yBemWUYEeHHH YKCIIa OIBITOB OIEHKA JOJDKHA CXOJIUTHCS IIO
BEPOSATHOCTH K HCKOMOMY TMapameTpy. Takasi OlLlEHKa Ha3bIBaeTCs
COCTOSITEJIbHOM.

Heo0xoauMo, 4TOOBI OIleHKA HE JaBajia CUCTEMAaTUYECKOH OIIMOKH B
CTOPOHY 3aBbIIICHUS WU 3aHUKCHHUS.

PaznuyaroT HECMEIIEHHBIE U CMEILICHHBIE OLIEHKHA CIy4YalHOU
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BEJIMUMHBL. ToYeyHas OIEHKAa HAa3bIBACTCS HECMEIIEHHOMW, €Clih €€
MaTeMaTUYeCKOE  OXHUJIAaHHUE  pPaBHO  OICHMBAEMOMY  IapaMeTpy
re€HEepaJbHOW COBOKYMHOCTU. B MpOTMBHOM ciydyae OLIEHKA Ha3bIBaeTCs
CMEILICHHOM.

XKenarenbHo Takke, 4TOOBI BEIOpaHHAs OIIEHKA UMEJIa M0 CPABHEHUIO
C JApYrMMH HauMeHbIIyr aucnepcuro. OrneHka, oOnanaromias TaKUM
CBOWMCTBOM, Ha3bIBaeTCs A3 PEKTUBHOM.

Bce TodeuHbIe OIIEHKHM MOXXHO Pa3/e/IUTh HAa TPU TPYIIIbI: CPEIHUE
CTAaTUCTUKH, CTATHUCTUKU PACCESHUS M CTATUCTUKU OTKIOHEHUS (DOPMBI
pacrpeaeneHusl.

CpeaHue CTATUCTMKHM  ONPEACISIIOT  IEHTP  pachpeiecHus
CIIy4ailHOM BEJIMYUHBI, OKOJIO KOTOPOI'0 TPYNIUPYETCsl OOIbIIask €€ YacTh,
TO €CTh H3MEPSAIOT LEHTPaJIbHYIO TEHJCHIMI0 BbIOOpPKU. Cpennue
BEJIMUMHBI OTPAKAIOT 3aKOHOMEPHBIN pe3yJIbTaT BO3JEHUCTBUS TJIABHBIX
BO3MYIIAIOMINX (PAKTOPOB.

B kauecTBe OIIEHKM MAaTeMaTUYECKOTO OXXHUJIAHUS WU CPEIHETO
apu(METUUYECKOTO 3HAYEHUS T€HEPATIbHOM COBOKYIHOCTH (TF€HEepalibHOM
CpeaHel) MPUHUMAETCSI BRIOOpOYHAs CpeaHSSA

F==Y". % (5.3)

n

DTa OlleHKa SIBJISETCS COCTOSITENLHOM M HECMELIEHHOM, a B cllydae
HOPMAaJILHOIO pacupeaesneHus - u 3PQGeKTUBHOM.

CTaTHCTUKH PpacCesiHUS OTPAXKAIOT pe3yJNbTaT BO3JCUCTBUSA
BTOPOCTEINEHHBIX BO3MYILAIOIIUX (PaKTOPOB.
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BriObopounas qucnepcust onpeaeaseTcs CIeAyIM 00pa3om

1 _
S¢ = — X 1(xg — %)% (5.4)

n—1

BriOopounass  gucnepcusi  SIBIASETCS  CMEIICHHOW  OIEHKOM
reHEPAIbHOM JTUCTIEPCUM U TOATOMY HE MOXKET ObITh PEKOMEHJIOBaHA B
Ka4eCcTBE OLECHKU. /I IOJIydeHUsT HECMEUIEHHOM OLIEHKU CleayeT
UCIOJIb30BaTh BBIPAXKEHUE

1 —
§? = —Xiti(xg — %)? (5.5)

OGbIuHO 1pu n > 50 MOXKHO cuuTaTh, yTo SO » S2.

JI1s1 OEHKU CPENHEr0 KBaJAPATUYECKOrO OTKJIOHEHUS T'€HEPAIbHON
COBOKYMHOCTH  CJIEIyE€T  TOJIb30BaThCA  HUCIPABJICHHBIM  CPEIHUM
KBaJpaTUYECKUM OTKJIOHECHUEM

Z?:1(X1_f)2

§% = 5.6

— (3.6)

CraTtuctuku OTKJIOHEHHUS (phopmbI pacnpeeaeHus
XapaKTEPU3YIOT

OTKJIOHEHHE (PYHKIIMHU pacpeeICHUs OT CUMMETPUUHOU (HOpMBI U popMy
BEPIIMHBI INIOTHOCTU PACTIPEICIICHUS.
Koaddurment acummeTpun BeraucigeTcs 1o hopmyse

A = pug/s?, (5.7)

/i€ 3 - LEHTPAJIbHBIA BHIOOPOYHBIN MOMEHT TPETHETO MOPSIAKA

1 _
M3 == N (% — %)°. (5.8)

n

Koadduiment acummerpun xapakTepu3yeT OTKIOHEHUE (PYHKIUU
TUIOTHOCTH PACTPEEICHUS] OT CHMMETPUYHONW (POPMBI OTHOCUTEIHHO
BBIOOPOYHOTO CpenHero 3HadeHWs X. Eciaum B BapuallmoOHHOM psy
npeoOnagaloT 3HAYEHHUS] MEHbBIIE X, TO AaCUMMETPHUS Ha3bIBAETCS
neBoctopoHHel. IIpu 3Hauenumsax A > (0 acuMmeTpus Ha3bIBaeTCs
IIPaBOCTOPOHHEM.

Okcuecc (kod)PUIMEHT KPYyTOCTH) MOKHO HAUTH MO BBIPAXKEHUIO
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E=%_— (5.9)

=4 ,

T7I€ |y - HEHTPAJIbHBIN BEIOOPOYHBIE MOMEHT YETBEPTOIO MOPSIIKA

1 _
hy =57 =130 (% — D). (5.10)

n

DKciece yKa3bIBaeT, HACKOJIBKO IJIOTHOCTh pacmpenesieHust Oomee
3a0CTpEHa WM, HA000POT, MPUILIIOCHYTA MO CPABHEHUIO C IUIOTHOCTBIO
HOPMAJIBHOTO pacrpejeneHus. PacrpeneneHue cuuraercss OIU3KUM K
HOpPMaJIbBHOMY, €CJIM BbIOOpOYHBbIE 3HaueHuss A u E ymoBieTBoOpsioT
ycnosuto |A| <0,1 u |E| <0,1.

Koaddutinent acummMeTpun 1 3KCIecC HOPMaIbHO PacIpeaeICHHON
CIIy4alHOW BEJIMYUHBI PaBHHI ().

Ha mpaktumke mapamMeTpsl T'€HEpadbHOM  COBOKYIHOCTH -
MaTEMaTHYeCKOE OXKUJAHUE U JUCIEPCHUS HE M3BECTHBL. WX ToueyHbIe
OllCHKA (BBIOOPOYHOE CcpeHee U BBIOOPOYHAS AUCIEPCHsi) SBISIOTCS
Cy4yaliHBIMU BenuduHaMu. [Ipu 3ToM mpm ycinoBuu n < 25 3TH OICHKH
CUMTAIOTCS HEHAJCKHBIMU. [109TOMY 4acTO UCTIONB3YIOT TaK HAa3bIBAEMBIE
WHTEPBAJIbHbBIE OI[CHKH.

Ecnu mapametp N oinieHeH BbIOOpOYHBIM mapamMeTpoM Np, TO 4Yem
menbIe pasHocts [N — Ng| =S, Tem Tounee onenka. Takum oOpasom,
9HUCJIO E MO3BOJISIET ONPEACIIUTh TOBEPUTEILHBIN HHTEPBAI JJIs TapaMeTpa
N. OmHako AOBEPUTEIBHBIM WHTEPBAT MOXKET OBITh HAWICH TOIBKO C
OTIpENICTIEHHON BEPOSTHOCTHIO M 3aBHUCUT OT HEe. JTa BEPOSTHOCTH a
HAa3bIBACTCA TIOBEPUTEIILHOU. B 3TOM ciiydyae MOKHO 3amucarhb

P(Ng—e <N <Ng+¢) = a. (5.11)

DTO paBEHCTBO O3HAYAET, YTO C JOBEPHUTEIHHONW BEPOSTHOCTBHIO a
3HaucHHe mapameTpa N HaXoguTCs B HoBepuTeabHoM uHTepBane (Ng — &,
NB + 8) .

JIOBepI/ITeJIbHLIe HHTCPBAJIbI JII MATCMATHYCCKOI'O OXHIAAHUA
HOPMAJILHOT'O Paclpeae/ICHUs X IPH U3BECTHOM CPEIHEM KBaAPATHIECKOM
OTKIIOHCHHH G0 C BCPOATHOCTBHO & MOI'YT 6BITB OHpPCACIICHbI U3
COOTHOIICHUA

— o — — o
P@—¢ﬁ$<x<x+bﬁ)—2®ﬁ)—A (5.12)

rae O(t) - tabynupoBanHas pynkuus Jlannaca.
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I[OBepI/ITCJIBHBIe HHTCPBAJIbI AJIsI MATCMATUYICCKOI'O OKHUAAHUA
HOPMAJIbHOTI'O pacpCaACICHUA IIPU HCU3BCCTHOM CPCIHEM
KBaJpaTUICCKOM OTKIIOHCHHUH (& BEPOATHOCTBIO a MOT'YT OBITH
OonpeCaACICHBI N3 COOTHOIIICHUSI.

o o
P(X ta\/ﬁ<x<x+ta\/ﬁ> a
rae t, - napametp pacupeaeneHus CTbIOJICHTA.
Pacnpenenenue CThlOfi€HTA 3aBUCUT TOJBKO OT 00BhEMa BHIOOPKH U
HE 3aBUCUT OT X U 0.

NmeroTcst roToBbI€ TAOIUIIBI, IO KOTOPBIM JIJIS1 3aIaHHBIX 3HAYCHUM
t, 1 N MOKHO HAWTH ¢, a IO 3aIaHHBIM (& U N HAWUTH t,.

Onpedenenue 3aKOHA  pacnpeoenenusi CIVYAUHOU  GEeIUYUHDL.
Y CcTaHOBJIEHNE 3aKOHA PACIPEACIICHUS CIyYalHOM BEJIWYUHBI HA OCHOBE
CTaTUCTUYECKUX JAHHBIX BAKHAs1 M 4YacTO BCTPEYAIOIIASCA 3aaada B
MaTeMaTUYeCKON cTaTucTUke. lIpum 3TOM ciieyer yduThIBaTh, 4YTO HE
CYILIECTBYET CITIOCO0A HEMOCPEACTBEHHO U3 UMEIOINXCS TAHHBIX IMOJYYHUTh
MaTeMaTU4YECKOE BBIPAXCHHUE U 3aKOHA pacrpenencHus. l3BecTtHble
METOAbl  TO3BOJISIIOT  JIMIIb  MOJATBEPAWTh (WM ONPOBEPTHYTH)
COOTBETCTBME JAHHOIO CTaTUCTHUYECKOIO0 MaTrepuanga BbIABHUHYTOU
TUITOTE3€ O 3aKOHE PACIPENECIEHUS.

B oOmem cnywae mpouenypa NOJYy4YEHUS MOJEIM 3aKOHa
pacIrpelesieHus] CIy4YauHOM BEJIIMYMHBI COCTOMT W3 JBYX OTaloB:
BBIJIBH)KECHUE TUIIOTE3bI U IPOBEPKA COOTBETCTBHS BBIIBUHYTON THIIOTE3BI
UMEIOIIAMCS JAHHBIM.

I'mnoTessl 0 3aKOHE pacIpeneseHNs] MOTYT BBIIBUTATHCS HA OCHOBE
aHanu3a (pU3NUECKON MPUPOJLI U CBOMCTB paccMaTpUBAEMOM CIydailHOU
BEJINYMHBL. FICTOYHUKOM 3THX TUIIOTE3 MOXKET CIIYKUTh IPEIBAPUTEIbHBIN
aHaIM3 MMEIOIINUXCS CTAaTHUCTUYECKUX MaTEepUalioB, B YacCTHOCTH,
PacCMOTPEHUE KPUBBIX INIOTHOCTH PACIPEAECIEHUS CIIyYalHOW BEIUYUHBI,
TaK KaK THUCTOrpaMMbl HauOojee pelbedHO U HAIJSIAHO OTOOpakaroT
CBOMCTBA pACIPEACICHU.

[IpoBepka COOTBETCTBHSI THUIIOTE3bl O 3aKOHE pPacCHpelcICHUs
ClIy4yallHOM BEJIMYMHBI CBOJUTCA K YCTAHOBJICHUIO CTENEHH OJM30CTH
TUIIOTETUYECKOTO (TEOPETUUECKOI0) U CTATUCTUYECKOTO PaclpeeIeHUM.
Pemaroniee 3HaueHUE 37€Ch UIPAET BBHIOOP KOJIMYECTBEHHOM MeEpHI
OJIM30CTH JIBYX pacipeaesieHU.

C uenpro MpOBEPKU THINOTE3 O 3aKOHE PACHPENECIEHUS TPUMEHSIOT
CrelMaibHO  pa3paboTaHHblE  KpuTepuu  (KpUTEPUU  COTJIACHS).
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Hawunbonbiiee pactipocTpaHeHHe W3 HUX NOJIy4YuIn Kputepuit Kommoropona
u kputepuii Ilupcoa (kputepuii y?2).

IIpu npumenenun kpurepus KoiamoropoBa B KadecTBE MeEPBI
pacxXoxkIeHUs MEXY TEOPETUYECKUM 151 CTaTUCTUYECKUM
pacupeneseHUus MU PACCMATPUBACTC MAKCUMAJIbHOE 3HAYEHUE MOMYJIS
Pa3HOCTU MEXAY TEOPETUYECKOW M DKCIEPUMEHTAIHHOW (YHKIHSIMHU.
YcaoBue cooTBETCTBUS onpeenseTcs GopMyoit

Ax = AFYN <1, (5.13)

rane  AF = max|F*(t) — F(t)] - waubombimee  OTKIOHCHHE
AKCIIEPUMEHTAJIbHON KPUBOM OT TEOPETUUYECKOU;

N - KOJIMYECTBO AKCIEPUMEHTAIbHBIX TAHHBIX.

HenocraTok paccMaTpuBaemMoro KpuTepusi - He0OXOAUMOCTh UMETh
HE TOJBKO BUJ (YHKIMU pacHpeesiCHUs, HO U €€ MapaMeTphbl, YTO HE
BCETAa  BCTpe4aeTrcss HAa  npaktuke.  Mcronp3oBaHuME — TOJIBKO
CTaTUCTUYECKUX JAHHBIX MOXKET JaTh HEBEPHBIE PE3YJIbTATHI.

Kpurepuii y? - IlupcoHa He TpeOyeT MOCTPOEHUsS CaMOr0O 3aKOHa
pacnpeaenenus. JlocTaTogyHO 3a7aThCAd TOJIBKO OOIIMM BUIOM (YHKITUU
F(t), a BXoad11e B Hee YUCIIOBBIE MapaMeTPhbl OMPEALCSIOTCS 0 JaHHBIM
SKCIepUMeHTa. IIpu MCHoNb30BaHUU KpUTepus cornacus y2 - Iupcona
ONPEAEISIETCA MEPA PACXOKICHUS:

)(22 k (An;—Np;)?
=1 Np

rjae k - 9ucio uHTepBaJIOB CTATUCTUYECKOTO PSfa;

pP; - BEPOSITHOCTH MOMAJaHUs CIy4alHOW BEJIMYUHBI B 1- MHTEpBaJl,
BBIYUCIICHHAS JJ1s1 TEOPETUUYECKOTO PaCIpe/ICIICHHUS;

N - 4uCJIO UCTIBITAHUM.

Jlns mpuMenenus kputepus 2 - [lupcoHa He0OX0IUMO, 9TOOBI N >

50 ... 60, k > 6 ... 8. Pacnpenenenue y? 3aBUCUT OT uHcia CTeNeHeil
ceoboael f = k - z - 1, roe z - 4KMCIO BBIUUCISIEMBIX MapaMETpPOB
pacnpenenenus. [lo tabnuiiaM, NpUBOAUMBIM B JIUTEpPATypE MO TEOPUU
BEPOATHOCTEH M MaTEMATHUECKOW CTATUCTHUKE, JUIs KaXKI0r0 3HAUEHUS ) °
1 f MOYKHO HATH BEPOSITHOCTh TOT'O, YTO 3a CUET CIIyYaHBIX MPUUUH Mepa
PACXOKJICHUS TEOPETHUYECKOTO M AKCHEPUMEHTAIBHOTO PaCHpeaeICHUs
OyZeT He MeHblIe, yeM (akThudeckoe 3HaueHume y2. Ecimm Pg0,1, TO
O0OBIYHO CUMUTAIOT, YTO TEOPETHUECKOE paCTpeaeiCHUE HE MPOTUBOPEUUT
AKCIIEPUMEHTATBHBIM JJAHHBIM.
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Ilpumep 5.1. [lo manHBIM BapmaloHHOTO psga (Tabnuia 5.3)
IPOBEPUTH THUIIOTE€3y 00 SKCIIOHEHIIMAJIBHOM pacHpeeICcHUd BPEMEHHU
BOCCTAHOBJICHHUS, UCIIONb3Ys KpuTepuii y2 - IlupcoHa.

Pemienue. 1. OnpenensemM cpeaHee BpeMsi BOCCTAHOBJICHHUS:

T;= Y ,6p,=038:05+023-1,5+0,17-2,5+0,1-3,5+
+0,051-4,540,034-5,5+0,022-6,5+0,011-7,5=1,95u.

2. BerumcnseM 3HaYeHUS TEOPETUUECCKON KPUBOH 10 hopmyIie

-t

F(t)=0Q(t) =1—e"B.

3. IlocnegoBaTenbHO  ONpEAEIsiEM  MNPOMEXYTOUYHBIE  BEJIMYUHBI,
HEOOXOqUMBbIE Ul moidydeHus y2 (tabmuna 5.4). Ilpu >TOM BEIMYUHBI P
OepyTcs paBHBIMU NpupailieHuto pyHkuun pacupeaenenus F(t) Ha i-m ydacTtke.

4. Tlo popmyre x> = ¥i_, —(An;g_pi)z

l

x%?=0,23+ 0,02 +1 + 0,6 + 0,2 =2,03.

5. JJnsa £=8-1-1=6 u y*= 2,03 no IIpunoxenuto I naxoqum P=0,91. Dra
BEJIMUYMHA MaJIOW HE SIBJISIETCS, U CJIEIOBATENIbHO, TUIIOTE3Y O TOM, YTO BpeMsI
BOCCTAHOBJIEHUSI MOAYMHEHO S3KCIOHEHIIMATbHOMY 3aKOHY, MOXHO CUWTATh
npaBaONOJ00HOM.

OTpeiesieM:

Tabauua 5.4 - Pe3yjbTaThl pacueToB ISl ONpe/iesIeHIs] KPUTepHst )(2 — IIupcona

At 4 0-1 1-2 2-3 13-4 4-5 5-6 6-7 7-8
An, 66 41 30 18 9 6 4 2

F (1) 04 064 078 0871 092 095 097 00982

D 04 024 0145 0086 005 003 0022 0011
No; 70 42 25 15 9 5 4 2
(An; - Np;)? 16 1 25 9 0 1 0 0

(An; — Np)*

N 023 002 | 0.6 0 02 O 0

IIpumep 5.2. Jlanusie o HapaboTke 10 oTkaza 201 norpeduTeabckon
TII crpynmnupoBaHbl B MHTEPBAJIbl CTATUCTUYECKOTO Psifia U MPUBEJICHBI B
Tabaune 5.5. Tpebyercst OLEHUTh C MOMOLIbIO KpuTepus y2- Ilupcona
TUIOTE3Y O COIJIACHU MPHUHSATOTO HOPMAIBHOIO pacHpelesieHus: C
HKCIIEPUMEHTATBHBIMU JJAHHBIMHU.
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Tabnuna 5.5 — /laHHble 0 . HApaGOTKe 10 0TKa3a noTpeduTeabckux TII
WNHuTtepBan 1 2 3 4 5 6 7 8 9

0- 1000- | 2000-2500- (3000- (3500- | 4000-4500- [5000-
1000 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 | 6000

15 22 35 43 37 20 15 9
0,075 |0,110/0,174 (0,214 (0,184 | 0,100 /0,075 10,045
0,097 | 0,120/0,168 (0,187 (0,169 | 0,122 /0,070 10,045

19,5 | 23,9 | 33,8 | 37,6 | 34 | 245 | 14,1 9

At;, 4.

1,04 | 0,15 | 0,04 | 0,79 | 0,26 | 0,82 | 0,06 0
R o p Ay e e et ORI QPR EPR AL Sy PR K 'RA HO EENVHR adorryy 705 . |

Pemenue. 1. Borumcisem wactotel p; = An; /N nomafanusi ClydaiHOM
BEJIMUMHBI HApaOOTKHU J0 OTKa3a B i-i mHTepBan (i=1, 2, ..., k) ctatuctu-
yeckoro psaa. PesynbpTarhl 3aHocuM B Tabnuiyy S5.5. JIsS Kaxmaoro
HMHTEpBaja onpe/ae/sieM 3HaueHue &; - CepeuHbl HHTEpBaJa.

2. BbluncnsieM MaTeMaTU4eCKOE OXHUIAHWE W JUCIEPCUIO CIYyYauHOU
BEJIMYMHBI 110 JAHHBIM CTaTUCTUYECKOTO PACIIPEICIICHUS:

mi = i'{=1 tip; = 3260u. Df = i-‘=1(fz—m2‘)2p2‘

o; = /Dj = 10564,
3. HaXOI[I/IM TCOPCTHYCCKUC BCPOATHOCTHU IIOIMAJaHHA cnyqaﬁﬂoﬁ

BEJIMYMHBI B UHTEPBAJIbl CTATUCTUYECKOTO psjia o hopmyJie
pi = 1/2{®o[(tir1 —m;)/0,6720; |},
rae ®O0(x)-npusenennas ¢pyukuus Jlamnaca (Ilpunoxenue
E);
ti, ti+1- TPAHULIBI MHTEPBAJIA.
[TonydeHHbIe JaHHBIC 3aHOCUM B Ta0IHILy 5.5.

4. TlpoBOAMM BBIYMCIEHHE IPOMEKYTOUHBIX JAaHHBIX Np; H
(An; — Np;)?/Np;, HeoOXOAMMBIX I ONpENeNeHHs x2, pe3yJbTaThl
3aHOCUM B TaOuIry 5.5.

5. Onpenensem y?:

2 w9 (An;—Np;)?

x2=3, = 3,91.

Di
6. Yucio creneneit ceoooasl f =k -u -1=9-2-1= 6.

13 Tpunoxenus J| s 3HaueHus y2 = 3,91 u umcna creneHeif
CBOOO/IbI
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f = 6 maxomum P, = 0,7. Tak kak Pr> 0,1, To MOXHO cuuTaTh, YTO

pacmpeieieHue  CllydailHOM  BeJIMYMHBI ~ HapaOOTKU JO  OTKasza
NOTPEOUTENHCKUX TPaHC(HOPMATOPHBIX MOACTAHIMKA IO HOPMAILHOMY
3aKOHY HE MMPOTUBOPEUYUT IKCIIEPUMEHTAIBHBIM JJAHHBIM.
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6 Onenka nokasareJsied Ka4uecTBa 00beKTAa MO pPe3yJibTaTaM
IKCIEPUMEHTOB
B 5TOoli Teme paccMOTpEHbI OCHOBHBIE 33/Jla4M MAaTEMaTHYECKOU
CTaTUCTUKM O TIEPBUYHOM CTAaTUCTHYECKOM o0OpaboTke JaHHBIX. B
CTaTUCTHUKE, KaK TMPABWIO, CTATUCTUYECKHE JIAHHBIC  SIBJISFOTCA
pe3yabTaTaMu HaOMIOICHUN HaJl HEKOTOPOU CITy4aiHOM BETMUYUHON X.
IIpumep. B pesynbrare SKCrepuMeHTa OBbUIM TIOJYYEHBI 3HAYCHUS

nepemeHHou X (Tadnuma 6.1).
Tabmuua 6.1 — sKkcrepuMeHTaIbHbIE 3HAYEHUS IEPEMEHHONU X

i 1 2 3 4 5 6 7 8 9 10
X |14,85|14,80 | 14,84 | 14,81 | 14,63 | 14,81 | 14,80 | 14,85 | 14,84 | 14,80

Ilpakmuueckan paooma. Cmamucmuueckue xXapaKmepucmuku
CAAYUAUHBIX 6CIUYUH

Heab padoTbl. HayunThCs BEIYUCIATH OLIEHKHM OCHOBHBIX YHCJIOBBIX
XapaKTEPUCTUK IO DKCIIEPUMEHTAJIbHBIM JaHHbIM. (CTaTHCTHYECKas
¢ynkuuss CHET ucnonb3yercs s OnpeAesieHUs] Yucia 3HaueHul (puc.

6.1).

Mac e p v - mar 1w 2 & x|
Dracx: v
'-p-;--uu-,.n.—_u FUC e e TR, CT T ey e Haslre
Josronerty, n maoeete ey Haing
Earerageaa: |17 Tidree -
tefiaperte droee|
PO ™
: TGPk
B TR AP
joer
b€ TECM k
lcen
STATMTC IO -
O T s mrvesr | Jsiiesrrier 2. )
MAAC TS T 1 OMraec THO SaRN B TW0UE A0 ywBr TR
(T3 0O TI0 frivecipe | o | Crrmans
Pucynok 6.1.

Jlnama3oH ss4eeK yKa3blBaeTCs aapecaMu MEPBOM U MOCIEIHEN TUCUKU
JTAHHBIX, 3alMMCAHHBIMU Yepe3 JBoeTouune, HanpuMmep B6:B15 (puc. 6.2).

Oyukuusgs CP3HAY paccuuThiBaeT cpeHee 3HaY€HUE BHIOOPKHU.

Oynknuss CTAHAOTKJIIOH — cranmapTHOE OTKJIOHEHHE BBIOOPKH.
AprymMeHTamu 3TUX (QYHKIUN CIIY>KUT BCE TOT K€ JUAMA30H TYEEK.

Cratuctuueckas ¢ynkuuss CTBIOAPACIHOBP wucnons3yercs nms
HaxoxaeHusa kKo3pdunrenta CteroieHTa. ITOT KOAPPUIIMEHT 3aBUCUT OT
BEPOSATHOCTH OHIMOKHK (TIpyu OOBIYHO 3ajaBaecMoi HaaexHoctu 95 %
BEPOSITHOCTh OLIMOKH COCTaBIsAET 5 %) M OT uncia cTeneHei cBo0O bl 1 —
1. Take 3TO 3HaUEHHE MOKHO HAWTH 10 Ta0Iule
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KPUTHYECKUX 3HAUYCHUH t-KpuTepus (mpuioxeHue 1).

Apryne nrs dymm an Kil
CE£7
e | Nl = (14,85:14,8:14,841)
M-an.[ 5

= 10
NOACETTREIET WOMPa 1RO SAEN B (IVCKE S00 e 108

I: 3 1, wrimaerere ot | 20 X sryreniTOR, COTORG MOFYT
COASEIMATE MMM CCoamATEON 8 ASHHBIE DEIBReSi THIE, MO
POACHETE PCTEVIOT TOMED Walng

Cooatra no 1ol deeedus e |0 | o« I Omew |
Pucynok 6.2

JI71st HaXOKIeHUs JOBEPUTEIHHOTO HHTEPBAJIA UCTIONB3YETCsl OOBIYHAs
dbopmyna ymHoxeHust «<=CTbIOIPACITOBP*Xcp».

Pemenue. Jlannubie u3 npuMepa BBegem B ctosiden B (tabdn. 6.2). B
cronbrax D u E - moackasku XapakTEpUCTHK, KOTOpPHIE MBI Oylaem
paccuuThiBaTh. Mcnosib3ys MpuBEeACHHbBIC Bbilie QyHKIMU, B cTtonoer F
nmoMecTuM pesyiabTartel. [lo HangeHHOMy 3HadeHuro sueiku Fl11
OKOHYATEJIbHBIM PE3yJbTaT JOBEPUTEIHLHOTO WHTEpPBaAJa MOKHO 3alMCaTh
Tak: ¢ 95 %-non HagexxHocThio X = 14,81+£0,046. B 3axiroueHue
BBIYUCIIMM OTHOCUTEIIbHYIO OIIMOKY OIpPEIENCHHUS] JI0BEPUTEIBHOIO
MHTEpBaja:

0 = JWU/Xcp (popmyna: «=F11/F7»). 3HaueHue OTHOCUTEIHHOMI
OIIMOKH OOBIYHO BBIPAXKAIOT B MPOIIEHTAX, B HamieM ciay4dae 0,3 %.

Tabnuna 6.2

= T P B b ' ¥ | ¥
=il

2

5| Momwwie skcnepumenta O6pabortka
=

SN X

B 1 1485 Uneno IHavEHNH N CYET 10

] 2 1480  Cpeanee sHavenme Xcp CP3HAY 14803
8| 3 1484 Crama ovknomemme S  CTAHAOTKNAOH  0,0643

q 4 1481 CT, oTKN. cpeaHero Scp =S | KOPEHb(n) 0,0203
10| 5 1483 KCreioa (5%, n1) t  CTBIOQPACNOBP  2,2622
90| & 1481 foeepur, wnTepsanfM =t- S, 0,046
12| 7 1480  Omwocurowmbrka 5 ~fMIXcp | 0,0031
3| 8 1485

14 T R DR N
e e

Ilpaxmuueckan paooma. Oyenka napamempos u onpeoeneHue 3aKoHa
pacnpeoenenus

IIpumep.  Hccnenyercs  ciayvaiiHas ~ BEJIMYMHA  —  YMCIIO
MPAaBOHAPYIIEHUH B TEUYEHHUE OJIHUX CYTOK B HEKOTOpOoM roponae N.
ITosrydens! nanubie 3a nepBoie 150 cyTok roja.
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ENV RO IVY N (V) BN g B O

L IV, R e RL 0, I ¥ SNy IR SN [ SN R NG LUS RSN

| | [ [00 (W | |W | co

D [N [J W[ [ [N | N

— || DN (W[ |||\

W (B[R W W (W W R~ N

N[ O\ O [ | [N

MO0\~ ||
N |W|~J [N [ ||| |W |
(OSHLV, RN N le NTe N o)W EN IV, RIS} O8]
— (W N[\ O [ |W [N [Q [N p—
NN DY [N DN [ [N |\ [ |—
DN [ON [ [N |[Co|Dn B[

Lean pa6otbl. TpeOyeTcss MPOBECTH MEPBUYHYIO CTATHCTHYECKYIO
00pabOTKy J[JaHHBIX, MPOBEPUTH THUIIOTE3y O BHUJIE paCHpEACIICHUs
CIy4YallHOW BEJIMYMHBI C TIOMOIIBIO Kputepus corjacus [lupcoHa.
PacuerHble cooTHomeHus. JlaHHas 3agaya pemaercs C IMOMOIIBIO
CTaTUCTUYECKUX TMpOUEAYp AHAJU3A JAHHBIX W CTAaTUCTHUYECKUX
byukiuii OubnuoTeku BCTpoeHHBIX (GyHkuuit MS Excel. IlpuBeaem
aNTOpPUTM PEIICHUS 3aa4u.

1. Broa nannbix. B nuanazon sueek Al: AN BBeCTH BHIOOPOUYHBIE 3HAUCHUS

2. llocTpoenne BapranoHHOTO psifa. CKONMMPOBATH COAEPKUMOE STUEEK
A1:AN B sueiiku B1:BN. VYnopsaouuTs BBIOOPOUYHBIE 3HAYCHUS,
UCIIOJIB3Ys KHOIIKY COPTUPOBKH IO BO3PACTAHUIO.

3. [loctpoenue cratuctuueckoro psiga Beioopku. B saueitku C1:CK BBecTu
k paznuuHbIXx BBIOOpPOUYHBIX 3HaUeHUI. B MeHI0 /laHHbIE BBIICIUTH CTPOKY
AHaJIM3 TaHHBIX, BBIAEIUTH npouenypy I'merorpamma. B nose Bxoanou
HHTEPBaJI IUAJI0roBOro okHa I'merorpamma BBECTH CCBUIKY HA THANA30H
Al1:AN. B none HWHTepBas KapMaHOB BBECTH CCBUIKY Ha JIHAaNa3OH
C1:CK. AxtuBn3upoBarh 1ojie BbIX0JHOM HHTEPBAJ U BBECTHU B 3TO M0JIE
CCBUIKY — JIEBasl BEpXHAs sA4elKa, B KOTOPYIO OyAeT BBeAeHa Tabiauia
pe3yapTaToB  pemieHuil. YcraHoBuTh (uakok BbiBom rpadmuka.
CocTaBuTh TabJ1. 6.3 CTATUCTUUECKOTO psAJa MO CIAEAYOIIEMY o0pasiy:
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Tabmnura 6.3

*
n.i

nj n, N
ﬁ Hakomiennas
pa3snuyuHbIE
OTHOCHUTEIbHAS 4acTOTa
BBIOOPOYHEIE 4aCTOTA BBIGOPOUHOTO | rpocHTeNbHAS YACTOTA
3HAYECHUS SHAUCHUA Xi BHIOOPOYHOIO 3HAYEHHS

X1

[lepBbIie CTOJIOLBI 3aMOTHUTH KOMUPOBaHUEM. OTHOCUTEIBHBIE U

HAKOIUICHHBIEC YaCTOTHI BHIYUCIUTH C UCIIOJIH30BaHUEM (HOPMYIL.

4. Ilocmpoenue noau2oHo06 OMHOCUMENbHbIX U HAKONJICHHbIX
OMHOCUMENIbHBIX YACMOM.

CxonupoBaTh TIEPBbIN U TPETUW CTONONBI Taba. 6.3. Beinenuts ux.
Hcnons3ys MeHr0 BeTaBka, IpUMEHUTD K BBIICIEHHBIM YUCIIAM CPEACTBO
muarpammbl  Todeunasi. [lonydeHHbld rpaduk  €CTh  MOJUIOH
OTHOCHUTENBHBIX YAaCTOT. ECIM 3TH K€ NEeUCTBUS NMPOAENATh C MEPBBIM H
YEeTBEPTHIM CTOJNONAMH TalJ. 6.3, TO MOJIYyYMM MOJHUIOH HAKOTUIEHHBIX
4acTOT — CIUVIAKEHHBINA rpaduK SMOUPUUECKON (DYHKIIUU pacipeiesieHHUs .
5. Onpeoenenue evibopounvix xapaxmepucmux. B wmeHo JlaHHBbIE
BBIJICIIUTh  T[OJMEHIO AHAJWU3 JAHHBIX, BBIACIUTh MPOUEAYPY
OnucarejibHas CTAaTUCTHKA, B 110JI€ BBOJAa BXOAHOM MHTEPBAJ BBECTU
CCBUIKY HA JWAaNa30H SYE€EK, COJAEpKAIIMd CTATUCTHYECKUE JaHHBIC
A1:AN. YcranoButh Quaxkok UToroBasi crarucTuka. AKTUBU3UPOBATH
nose BbIXOAHOM MHTEPBAJI, BBECTU B 3TO IOJIE CCHUIKY — JIEBasi BEPXHSAA
A4elriKa, B KOTOPYIOo OyJieT BBeieHa TabJINIA pe3yJIbTaTOB PELICHU.

6. [Iposepka cunomeswl 0 8ude pacnpeoeyeHust CIy4auHou 8eUYUHbBL C

nomowvio kpumepus coenacus Ilupcona. 3anioTHUTH TabI. 6.4.
Tabsiuua 6.4

Xi n;
! ' P; n' i N- pP;
4acToTa
PasITIHbIC Teopernyeckas
BBIOOPOYHOTO Teopernyeckas
BBIOOPOYHEIE BEPOATHOCTD

3HA4YCHUA X; qacToTa

2
BBIOOPOYHOTO (n';—n;)
3HAYCHHUS SHATCHHAL X; BBIOOPOYHOTO o
3HAYCHHS X; i
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[lepBbie cTONOLBI 3aMOJHUTH KOMUPOBAHMEM, a OCTaBLIMECA —
BBIYHMCIICHHBIMH 110 (popMysiaM 3HaueHussMU. Eciu mpoBepseTcs runoTesa
0 pacnpedeneruu Ilyaccona, TO TEOPETUUECKUE BEPOATHOCTU BHIYUCIIHUTH C
nomotisio pyaknuu ITYACCOH (x;,x ,0). ¥ - BBIOOpOYHOE CpeHee, OHO
ompenenserca B nyHkre S5, 0 — mapaMerp, MOKAa3bIBAIOMINM, YTO
BBIYUCIISIETCS.  BEPOSITHOCTH ~ TOrO, 4YTO  CJy4yailHas  BEJIMYMHA,
pacnipeaeneHHas mo 3akoHy Ilyaccona, mpuHumaeT 3HaueHue . Ecium
IPOBEPSIETCS THUIOTE3a O OWHOMHAIBLHOM PACHPEACIICHUH CIyYaiiHOM
BEJUYUHBI, TO TEOPETUYECKHE BEPOATHOCTU BBIYUCIUTH C IOMOIIBIO
¢ynxkuun BUHOMPACII (x;,N,P,0) , mpu 3TOM BepossTHOCTh ycrexa P B

OJIHOM HCITBITAHUM ONPENCIIUTh TI0 hopmyIie P=% rae  x— BIOOpOUYHOE

cpennee. B ciaydae Apyrux pacnpenesieHHil BOCIOIb30BaThCs CIPABKON O
CTaTUCTUYECKUX PYHKIMSAX OUOIMOTEeKH BCTpoeHHbIX GyHKIni MS Excel.
3Ha4yeHue

ko (n'.—n,)? o u
X2 = z# ABIIACTCA Ha6HIOI[aeMBIM 3HAUCHUCM Cﬂyan/IHOI/I BCJIIMUYUHBI
i=1 n i

X*Yucno creneneid cB0OOObI 3TOM CIy4yailHON BEJIMYMHBI PaBHO 1= k-2
IpU MPOBEPKE TUIOTE3bI 0 pacnpenenenuu [lyaccona nu r= k-3, eciu
IPOBEPSIETCS TUNIOTE3a 0 OMHOMHAIBHOM pactpeneneHuu. Kpuruueckoe
3HAUYECHHE CIIy4YalHOU BETUYUHBI X’ ONPEACIIUTh C MTOMOIIBIO (yHKIINH
X*, =XHU20BbP(a,r) , rae a — ypoBeHb 3HaUMMOCTH. [lomyueHnHoe
HaOJII0JaeMO€e 3HaYE€HHUE X’ CPaBHUTH C X7, .
Ecimm x*< x?,,, TO TUIore3a O BUAEC PACHPEACICHUS NMPUHUMAECTCSI INPHU
YPOBHE 3HaUMMOCTH d. Ecinu X°> X7, TO THIIOTE3a OTBEPTAETCS C YPOBHEM
3HAYMMOCTH Q.
Pemenue. Ilo mnpeanoxeHHOMY aiaropuTMy IIPOBEAEM IIEPBUYHYIO
CTaTUCTUYECKYI0 00paboTKy AaHHBIX. COINIACHO NYHKTY 3 anropurma
HaxoauM k=11 pa3nuuHbIX BEIOOPOUYHBIX 3HAUCHUN
0 1 23 4 5 6 7 8 9 10
C nmoMo1pIo MaKkeTa AHAJIU3 JAHHBIX [TOJYy4YaeM CTATUCTUYECKUHN PST
BBIOOPKU U ero rpadudeckoe npejcrapieHue (puc. 6.3).
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KapmaH YactoTta
0 'Mctorpamma
1 40
2 16 g 30
3 22 B 20
a 27 F 10
B YacToTa
5 38 0
6 19 012 3 456 7 B 910
7 13 Kapmau
3 6
3 1
10 1
Pucynok 6.3.

[TocTpoeHHass rucTorpaMma MO3BOJISIET CAEJIATh MPEATOJIIOKEHUE O BHUJIE
pacrpeesieHus CiydyaiiHoM BenmnuuHbl X. B pesynbTaTe 3amonHenus tad.
6.3 mosyuum Taba. 6.5, B TpeTbeM CTOJIOLIE KOTOPOM, MpEACTaBICHBI
OTHOCHUTEJIbHBIE, 4 B UETBEPTOM — HAKOILICHHBIE OTHOCUTEIbHBIE YACTOTHI
BBIOOPOYHBIX 3HAUCHHM.

Tabmauma 6.5
xi ni ni/N ni*/N
0 1 0,006667 | 0,006667
1 6 0,04 | 0,046667
2 16 0,106667 | 0,153333
3 22 0,146667 0,3
4 21 0,13 0,43
5 33 0,253333 | 0,733333
6 19 0,126667 | 0,36
7 13 0,036667 | 0,946667
3 6 0,04 | 0,936667
3 1 0,006667 | 0,993333
10 1 0,006667 1

CornacHo MyHKTY 4 aIropuTMa MOJYYHUM ITOJIUTOHBI OTHOCHTEIIBHBIX U
HaKOILJICHHBIX 4acToT (puc. 6.4, 6.5).

0,3
0,25 A
0,2
0,15
0,1

Panl

Pan

(R A, ——

01 2 3 45 6 7 8 9 10
Pucynok 6.4.
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1,2

1

0,8
0,6 -
04

0,2 +

0 123456 7 8 910
PucyHnok 6.5.

CormacHo TyHKTY S5 ajroputMa MojiydaeM  BBIOOpPOUYHBIE
XapakTepUCTUKH (Tabdi. 6.6).

Tab6auia 6.6
Cpennee 4.49333
Crannantaag ommokal0.15063
Menunana 5
Mona 5
CrannanTHoe 1.34553
JIIucnencus Bei0OObku |3.40599
DKciiecc -
Acummerpunudocte |0.13032
HaTenBan 10
MuHuMvVM 0
MakcumMvm 10
CvMMa 674
Cuert 150

[IpoBepuM TUMOTE3y O PACTIPENCIICHUU CIIyYalHOW BEIWYUHBI IO
3akoHy Ilyaccona. B kadecTBe TOUYEYHOW OLCHKU IlapaMmeTpa
pacrpeniesieHus BbIOMpaeM BbIOOpOYHOE cpeaHee A= Y= 4,49. B
pe3ynbTare 3anojHeHus Tadj. 6.4 monydyuM Tabjn. 6.7. HaOmromaemoe
3HAYCHHUE CIIydyalHOM BeamunHbl X2 = 9,261528. OHO mnonydeHo
CyYMMHPOBaHHEM 4YHCENl TocjieaHero croioma Tadm. 1.6. Kpurudeckoe
3HaueHue X 2 =XM20bP (a, 1) =1691898, rnea=0,05, r=k-2=11 -
2 =9 . Tak kak X’'< X'w ,TO THUIIOTE3a O PACIPEHCICHUU IO 3aKOHY
ITyaccona nipu ypoBHe 3HaunMOCTH a = 0,05 HE TPOTUBOPEYUT ONBITHBIM
JTAHHBIM.
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Tabnua 6.7

xi ni P’ ni' Xu2
0 1 0,011133 | 1,677501 | 0,273626
1 6 0,05025 | 7,53756 | 0,313644
2 16 0,112396 | 16,93439 | 0,051557
3 22 0,169093 | 25,36393 | 0,446146
4 27 0,139943 | 23,49213 | 0,073142

5 38 0,170699 | 25,6049 | 6,00035

6 19 0,127335| 19,17521 | 0,001601
7 13 0,032053 | 12,30365 | 0,033331
8 6 0,046039 | 6,913355 | 0,120667
9 1 0,02301 | 3,451554 | 1,741273
10 1 0,010339 | 1,550397 | 0,195635
9,261523
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7 JIuneiiHas mapHasi perpeccus
DOTa Tema BKJIIOYAECT BBINOJHEHHWE  Ja0OpaTOpHBIX  padoT,
MOCBAIIECHHBIX TOCTPOCHUIO U HCCIEIOBAHUIO YPAaBHEHUS JIMHEHHOM
perpeccuu Buaa
y=f(x)=a+bx (7.1)

[TocTpoeHne JIMHEMHOW pPErpeccur CBOAUTCSA K OLEHKE €e
napameTpoB a, b. Kmaccuueckuil moaxoj K OIICHUBAHHUIO IMapaMeTpOB
JIMHEWHOM PETPECCUM OCHOBAH HAa MeTOJe HAUMEHbIIMX KBaJApPaToB
(MHK).

IIpumep. 1151 onpeneneHus 3aBUCUMOCTHA MEK1y CMEHHOM 100bIYei
yIJIsi Ha OJHOro pabouero (mepeMeHHas Y, uU3MepseMas B TOHHAaX) W
MOIITHOCTBIO YTOJIBLHOIO IJ1acTa (nmepemMenHas X, u3MepsieMasi B METpax) Ha
10 maxrtax OBUIM MNPOBEAECHBI HCCIEAOBAHUS, PE3YIbTATHl KOTOPBIX
peACcTaBlIeHbI B Ta0. 7.1.

Tabnuia 7.1
I 2 3 4 5 6 7 8 9 10
X 11 12 9 8 8 9 9 8 12
Y 10 10 7 5 6 6 5 6 8

[IpakTuueckas padota. Beruncienne Ko3QQUIIMEHTOB YpaBHEHUS
JINTHEVMHOW perpeccuun

Heas padorbl. Briuncienne k03((UIIMEHTOB ypaBHEHHUS JIMHEHHOM
pEerpeccuu 1o NpoCcTPaHCTBEHHOU BbIOOpKE Tadd. 7.1.

Pacuernbie cooTHomeHus. KoapuimenTsl, onpenensieMble HA OCHOBE
MHK, sBIISIFOTCA pElIEeHUEM CUCTEMBI YPAaBHEHU N

na+b2x=2y, (7 2)
a2x+b2x2 :ny '
Pemas sty cucremy ypaBHEHUM, OJIyYUM
a=y-bx, (7.3)

b _x_y—)_cj/ _ cov(x,y) (7 4)
x* = (%)’ s
TJIe CoV (X,Y) = xy—Xxy - BRIOOpPOYHAs KOBapHaIs; S>-BEIOOPOTHOE

3HAYEHUE IUCTIEPCUU BEJIIMUMHBI X, ONpeaesieMoi 1o Gpopmyre:
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(7.5)

S§?=x—(x%).

Pewenue. Beraucnum 3Ha4eHUS, UCTIOJIB3YS JJaHHBIE Ta0II. 7.2:

x=94; y=68; x»=90,8; x =664.
Tabnuua 7.2
A B C D E F G H I J K
Ne n/n X Y Xy x? v? wY) | @Y Y, Yy | b))
1 8 5 40 64 25 -1,8 3,24 53 0,38 0,1429
2 8 5 40 64 25 1,8 3,24 5,38 0,38 0,1429
3 8 6 48 64 36 -0,8 0,64 5,38 -0,62 0,3869
4 8 6 48 64 36 -0,8 0,64 5,38 -0,62 0,3869
5 9 7 63 81 49 0,2 0,04 6,39 -0,61 0,3672
6 9 6 54 81 36 20,8 0,64 6,39 0,39 0,1552
7 9 5 45 81 25 -1,8 3,24 6,39 1,39 1,9432
8 11 10 | 110 121 100 3,2 10,24 8,43 -1,57 2,4775
9 12 10 | 120 144 100 3,2 10,24 9,44 -0,56 0,3114
10 12 8 96 144 64 1,2 1,44 9,44 1,44 2,0794
Cymma 94 68 664 908 496 0 33,6 68 0 8,3934
Cpemnee | 94 | 68 | 664 | 908 49,6
Koadpuumentsl a, b Berunciaum mno gopmyinam (7.3), (7.4)
COOTBETCTBEHHO:
a=-2,75;b=1,02,
a caMo ypaBHeHue perpeccuu (2.1) npumer
B/
y=f(x)=-2,75+1,02x. (7.6)
[IpakTuueckas padota. Beruncienue BbIOOpOYHOTo KodpduiimeHTa
KOppESLNUN
Heab padoThl. Beiunciienue BBIOOPOUYHOTO KO3(PhUIIMEHTa KOPPETALNU
10 MPOCTPAaHCTBEHHOU BhIOOpKE Tadmd. 7.1.
PacuyeTHble cooTHOMEHUsI. BEIOOpOUHBIH KO3 PUIIMEHT KOPPEIALINU
ONPECIISIETCS COOTHOUIEHUEM
n 2
S, =@ S, =) T =%Zy - (7.8)

Pemenue. Mcnosnb3ys BeIUUCICHUS Ta0opaTopHOM paboThl 7.1, naHHBIE
Taba. 7.2 u popmynsl (7.7), (7.8), momyunm:
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. _664-94-68 248

sx=1,56; y’=49,6;S,=1,83; ~  L56-183 286

Beanyuna "v=0,87 roBOpUT 0 CHJIBLHON MOJIOKUTEIHLHOU JINHECHHOU
CBSI3H.

=0,87.

[Ipaktrueckas padbota. [I[poBepka 3HaUMMOCTH YpaBHEHHUSI JIMHEHHOM
perpeccuu 1o kpurepuro Gumepa

Heap padorwl. I[lo nanaeiM Taba. 7.1 omenuts npu ypoBHe a = 0,05
3HAYUMOCTh YpaBHEHUS perpeccuu (7.6), TOCTPOSHHOrO B JIa0OpaTOPHOM
pabote 7.1. Kputepuii ®umepa (F-kpurepuii). YpaBHeHUE NapHOUH
perpeccuy 3HAa4MMO MpPU YPOBHE 3HAYMMOCTH O, €CIHA BBIMNOJHIETCS
CIEAYIOIIEE HEPABEHCTBO:
n—2

F:%> 1-a;l;n-2 *

Bemmaunast Qr , Qe sBustoTcs pakTOpHON U OCTaTOYHOW CYMMaMH
KBaJIpAaTOB COOTBETCTBEHHO:

0 =2 (3= 0. =X (1) (7.10)

- TaOJIMYHOE 3HAUCHUE F-pacnpeneneHmI C yucJjIaMu

(7.9)

Benuuuna F

l-a;1;n-2

crenenen cBo0oabl ki =1 u ky =n - 2 kBauTUIsA ypoBHS Y= 1 - a (Tipu.

2). DTy BEpOATHOCTb MOKHO TaK>K€ OMPEACIUTH C TOMOILbIO (DYHKIIUU
FPACIIOBP:

F_,...= FPACIIOBP(a; 1; n - 2). (7.11)
3Hauenue F 1is aunerinoti napHOM perpeccuy MOKHO BBIUHCIIUTD YEPE3
KO3 PUIMEHT KOppeIsIIUU:

2

F=—" _(n-2). (7.12)
-7y

Benmuuna r,” = R? Ha3pBaeTCst KOAQQUIMEHTOM JIETEPMUHAIINH H

XapaKTepU3yeT JOJII0 AUCTIEPCUH PE3yIbTaTUBHOIO MPU3HAKA Y ,
OOBACHIEMYIO pErpeccueil, B 00LIEeH TUCIIEPCUN PE3YIBTaTUBHOTO
IPU3HAKA!

R=1-% e 0=3 (-5 (7.13)

COOTBETCTBEHHO BEIIMYUHA -7 XapaKTEPU3YET JOJIIO JUCIIEPCUU Y ,

BBI3BAaHHYIO BJIMSHUEM OCTaJbHBIX, HE YUYTEHHBIX B MOJEIH (DAKTOPOB.
Pemenue. Beruucioum 3HaueHus Q. , Qr= Q - Q. = — u kpurepuii F no
naHHbIM Tab:1. 7.2. B cron6ie I 3nauenus BeraucistoTcs mo popmyire (7.6).
Wtak, momy4eHsl Caeayonue 3HAaYCHHS:
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Qe: 8)399 QI': Q - Qe =33,6 = 8,39:25,21,
_0,(n-2) 2521-8
0, 839

F = 24,03.

[To dopmyne (2.11) npu ki = 1, x, =8 wnu no tadaune (mpuioKeHue 2)
BbIYHUCIIsieM KBaHTWIb Foos. 1.3 = 5,32. HepaBenctBo (7.9) BbInoHsAETCH,
T. €. 24,03 > 5,32, u no3ToMy ypaBHeHUE perpeccuu (7.6) 3HaUUMO.

Ilpakmuueckan paboma. Boruucnenue koigpgpuuyuenmos
YPABHEHUA TUHEUHOU pezpeccuu

Llenv pabomul. Beruuciaenue kodPQGUIIMEHTOB ypaBHEHUS JIMHEIHOM
perpeccum.

B BermciauTenbHOM cpeae TabmmyHOTO mporeccopa MS Excel ata
3ajada pemraeTcss mpu momoiu cratuctudeckux Qynkumii HAKJIOH
(HaKJIOH TpsIMOM OTHOCcUTENbHO ocu X, koadpdumuent b) u OTPE30K
(0Tpe3oK, OTceKaeMblid MPsIMOil Ha ocH Y, koahPuuueHT a).

JInst 3HaKOMCTBa € 3TUMHU BO3MOYKHOCTSMH BBEIEM HEOOXOIHMMBIE
ucxoaHwie AaHHbie (Tabda. 7.3). B cron6nax B u C BBoasITCS 1aHHBIE Ta0.
2.1, 3anucu B ctosiOue E urparoT posb nojackasok, ctonder F 3anonnsercs
o mepe 00padotku. B siueliky F3 BBoautcsa pyukuus HAKJIOH, B stueiiky
F4 - OTPE30K. O6e 3Tu pyHKIIMU UMEIOT ABA apTyMEHTA: IUANa30H A4eeK
co 3HaueHusiMu Y (C3:C12) u nnana3oH sueek co 3HaueHusiMu X (B3:B12).

Cratuctuueckas ¢ynkiuss KBIIMPCOH  Bbluucnser 3HayeHue
ko3 PumenHTa qeTepMUHaLINH.

Tabmuma 7.3

A | B | ¢ D E F
1| JIuneiinas 3aBHCHMOCTb O6pabotka
Z | Ne X Y
3 1 8 5 HAKIJIOH 1.0164
4 2 11 10 OTPE30K -2.754
5 3 12 10 KBIIMPCOH  0,7502
6 4 9 7
7 5 8 5
8 6 8 6
9 7 9 6
10 8 9 5
1 9 8 6
12 10 12 8
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OyHKIUA JIMTHENH (V3B 3Ha4 y; W3B 3HA4Y X; KOHCTaHTA; CTar)
BBIYUCIIACT KOI(PUIIMEHTsI JUHEWHOW perpeccur, Kod(pdHUIIMEHT
nerepmunanuu R?, F-cratuctuky. B mome «u3B 3Had y» BBOJUTCH
nuamna3oH 3HaueHuit Y (C3:C12); «u3B 3Ha4u X» — AMana3oH 3HauyeHuil X
(B3:B12); koncTanTa ycranaBiuBaercs Ha 0, eciu 3apaHee U3BECTHO, UYTO
cBOOOMHBIM ujeH paBeH 0, m Ha 1 B MNPOTUBHOM cClly4ae; CTar
ycTaHaBJInBaeTcs Ha (), €Ciii HE HY>KEH BBIBOJ JIOTIOJIHUTEIIbHBIX CBEICHUI
PETPECCUOHHOIO aHAJIN3a, U HA | B MPOTUBHOM CilyYae.

[Topsimok ucnonb3oBaHus QyHKITUU JIMHEWH:

1. Beigenuts 00acTh MyCThIX siueek 5x2 (5 cTpok, 2 crojdia) ais
BBIBOJIA PE3YJIbTATOB PETPECCUMOHHOM CTATHUCTUKM W 1X2 s BbIBOJA
TOJIbKO KOA()(PUITMEHTOB a, b.

2. Beectr dynknuio JJMHENH Bpyunyto unm uepe3 Macrep (byHKIHIA.

3. Tlocne KOpPpEKTHOro BBOJA (PYHKIIMU B JIEBOM BEPXHEH sUEKe
BBIZICIICHHOW TaOJIMIIBI TOSIBUTCS TIEPBBI WTOTOBBIA JJIEMEHT TaOJIHUIIBI.
YtoOBI pacKkpbITh BCIO TaOIUILy, CIEAyeT CHauala HaxaTh kinaBumry F2, a
3aTeM OJHOBpeMeHHO HaxkaTh kijasuinu [Ctrl], [Shift], [Enter]. Jlanee
MOSIBJISICTCS CJICTYIOIAsi perpeCCUOHHAs CTaTHUCTUKA,IPE/ICTABIICHHAsS B

Ta0j.7.4.

Tabmuma 7.4

Buauenue ko>pduuenta b 3HaveHue kodpdunneHTa a
CpenHekBaipaTHIeckoe OTKIoHeHue b CpelHeKBaIpaTHYECKOe OTKIIOHCHUE d
Kos(uument nerepmunanyu R CpenHekBapaTUueCKOe OTKIOHEHUE Y
F-cratuctuka Yucno crerneHe cBo0OIbI
PerpeccnonHas cymMMa KBaJpaToB OcTtaro4Has cymMMa KBaJ[paToB

Pemenue. B pe3ynbrare BBINOJHEHUS BBINIEYKA3aHHBIX JEUCTBUMN
noydyuMm Tao6ma. 7.5. 3HadueHus B Taba. 7.5 COBMAMAIOT CO 3HAYCHUSIMU,
MOJIyYCHHBIMU B JTaOOpaTOpHBIX padoTax 7.1, 7.3.

125



Tabmuma 7.5

3nadenue kodpduimenta b 1,0164  |-2,754 3Hauenne ko3P puImenHTa a
CpenHeKkBaipaTHueCcKoe 02074  11.9759 CpenHekBaIpaTHYeCcKoe
OTKJIOHEHHE b OTKJIOHEHHME a

2 0.7502 1.0243 CpeI[HeKBaI[paTI/I‘{eCKOG
Kosddurment nerepMuHanum R OTKJIOHEHHE y
F-cratuctuka 24,025 8 Yucno crereHer cBo0OIbI
PerpeccronHas cymma kaapatos (22207 8,3934 OcraTouHas cymMMa KBajpaToB

Ilpaxmuueckan paboma. Aeémokoppenayus ocmamrKo8. CmaAmucmuKa
Jlapouna-Yomcona

Llenv pabomwei. HayuuTbcs TONB30BaThCS CTaTHUCTUKOW [lapOuHa-
YorcoHa.

Omna wu3 npeamnocsuiok MHK - 3T0 He3aBUCMMOCTH 3HAYCHUM
CIIlyYallHbIX OTKJIOHEHUW OT 3HAYCHUW OTKIIOHEHHH BO BCEX HPYTUX
HaOMI0ICHUSAX. ABTOKOppEANus (Mociea0BaTeIbHAs KOPPEJSIUs) - 3TO
KOpPEISLNS MEXTY HAOII0/IaeMbIMU MTOKA3aTENSIMU, YIOPSJOUEHHBIMU BO
BpEeMEHU (BPEMEHHBIC PSIJibl) UM B TIPOCTPAHCTBE (MIEPEKPECTHBIC PSIIbI).
Ham Heu3BeCcTHBI HCTUHHBIE 3HAUYCHUS OTKJIOHEHUM e; = y; -f(x;), i = 1,..., n.
[TosTOMy BBIBOJIBI 00 MX HE3ABUCUMOCTH
JIeTaI0TCSl HA OCHOBE OIICHOK ¢;, I = 1, ..., n. IIpy 3TOM 00BIYHO MPOBEPSETCS
HEKOPPEJIMPOBAHHOCTh TOJBKO COCEIHUX BeJIWYMH. I[lpu Hamuuum
ABTOKOPPEIALMUA OCTATKOB IOJIYYEHHOE YPAaBHEHUE PETPECCUU CUUTAECTCS
HEYIOBJICTBOPUTEIIbHBIM.

Kputepuii JlapOuna-Yorcona - HauboJiee M3BECTHBIM CIOCOO
OOHapyXeHUs aBTOKOPPEIAIUU IepBoro mopsaka. Ilycte n - 4mcio
HaOII0ICHUH, K - YUCTI0 (AaKTOPOB MO/JIENIU, YPOBEHb 3HAUMMOCTH a. J{Ji4 n,
K, a 1o TabnuiamM pacrnpeneneHus Jlapouna-Yorcona (rpui. 3) HaXoJaIum
yucia d; u d,. Beraucnsiem cratuctuky Jlapouna-¥Yorcona

Zn (e, _e'_l)z
_ i=1 "1 !
DW = L

>
i=1 !

3necw e; = y; — (ax; + b) - ocTaTku, BEIYUCICHHbBIC IO YPABHEHUIO
JMHEHHOU perpeccuu y = a + bx NI CTAaTUCTUYECKUX TaHHBIX (X, V).
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Ecitu DW < d;, TO 3TO CBHUIETEIBCTBYET O TMOJOXUTEIBHOM
aBTOKOppeIuu octaTkoB. Eciiu DW > 4 - d;, T0 3TO CBUJIETEIILCTBYET 00
OTPHUILIATENIBHOW aBTOKOppemsiiuu octatkoB. Ilpu d, < DW < 4 — d,
runoTe3a 00 OTCYyTCTBUM aBTOKOPPEISAIIMHU OCTATKOB IPUHUMAETCS.

Ecmn di<DW <d,wvim4-d,<DW <4-d,,

TO TUIMOTE3a 00 OTCYTCTBHUU aBTOKOPPEJSIIIUU OCTATKOB HE MOXKET
OBITh HU MIPUHATA, HU OTBEPrHYTA.

Pemenne. Bepnemcs k  npumepy. Onpeaenum — Haadydue
aBTOKOPPEJISIIIUU € MMOMOIIBI0 KpuTepus Japouna—Yorcona. B cron6ue K
TabJ1. 2.2 MOTYy4YUIId

3 e? =839
i=1

Bo BTOpoii cronberr e; Tabn. 7.6 BBeaem AaHHbIe cTosOna J Tabdi. 7.2.
W3 kaxmoro yncia 2-ro ¢ToydIia BEIYUTacM IPeIbIIyIee YHCIO 3TOTO Ke
cTONOIa W pe3yjbTaT BBeleM B TpeTui cronben e€; - €. . CTaTucThka
HapOuna-¥YoTrcoHa paBHa:

n 2
2@ -e)’ 1678

b= ST 839
i1 €
Tabmuia 6

Ne ni/n e €i- e (ei- ei1 )?

1 0,38 - -

2 0,38 0 0

3 -0,62 -1,00 1

4 20,62 0 0

5 -0,61 0,01 0

6 0,39 1 1

7 1,39 1 1
8 -1,57 -2,96 8,76
9 -0,56 1,01 1,02

10 1,44 2 4
Cymma 16,78
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[To Tabnuie pacnpenenenus JapOuna-Yorcona (mpui. 3) HaX0AUM Yucia
d=088ud,=132npun=10 k=1 Takkakd, <DW <4-d,(1,32<
2 < 2,68), To runoTre3a 00 OTCYTCTBHUU ABTOKOPPEJISIIUA OCTATKOB HE
OTKJIOHSIETCS HAa ypOBHE 3HAYyMMocTH (,05. DTO ABIAETCA ONHUM U3
MOATBEPKICHHUI BEICOKOTO KaueCTBa MO/IEIH.
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8. HesqiuHelMHAS MapHas perpeccus
DTra Tema  BKIIOYAeT  BBINOJHEHHE Ja0OpaTOpHBIX  padorT,
MOCBSAILEHHBIX TOCTPOCHUIO YPABHEHUS HEJTMHENHOW IAPHOU PETPECCUM.
Ilpumep. B Tabmn. 8.1 npuBeaeHbI 3HAYCHUS HE3aBUCUMOM MTEPEMEHHON
X (ToBapo0OOpOT, THIC. p.) ¥ 3HAUCHUS 3ABUCUMON IEpEMEHHOM ¥ (YpOBEHb
U3JIEP)KEK 00paIeHUs MO0 OTHOIIIEHHUIO K TOBApooOOpoTy, %).

Tab6mmma 8.1
X 7 10 15 20 30 45 60 120
Y 10 9 7,2 6 6,3 5.8 5.4 5

Ilpakmuueckan paooma. Ilocmpoenue neauneitnou pezpeccuu

Ilenv pabomer. IlocTpouTh YpaBHEHUE HEJIUHEWHOM pErpeccurd M
BBIYMCIIMTH MHEKC JleTepMUHALUK R?

Pacuemmnvie coomnowenua. B ciydyae HEJIUHEWHBIX 3aBUCHUMOCTEN C
MOMOIIBI0 HEKOTOPBIX MPeoOpa3oBaHUN MOXKHO TEPEUTH K JIMHEHHBIM.
[IpuBeneM HEKOTOpbIE M3 HEIMHEUHBIX (YHKIUM U UX MOJU(PUKALUIO K
JUHEeWHON QyHKIIMK —Ta0.8.2

Tabnuna 8.2
Ne HUcxonnas IIpeo0p IIpeoOpa3oBa Boruucie Boryucae
n | coneuudpukanus | a3oBaHHe HUe HUe HHe
/m x->x" y->y b no b* anoa*
1 b 1 * = b — b* — A%
y=a+—+¢ Xt == y =7 a=a
X X
2 _ 1 x*=x L1 b = b* a=a*
Y= a+bx+¢ Y= y
a+ bx + xe x = X y = y
4 y = aebx+te x*=x y* =lny b =b" a=e®
2 1 * = = h* — a*
5 y = qex*t o y Iny b=b»b a=e
b
6| 1 x*=e™* L1 b =b" a=a'
Y At be*+e Y=y
7 y = axPe® x* = Inx y* = Iny b =b* a=e?
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Pewenue. Ha puc. 8.1 nzo0OpakeHsl JaHHBIC B BUJIEe TUarpaMmbl. M3 aToro
PHUCYHKA BHJIHO, YTO 3aBHUCUMOCTh MEXIY IIOKa3aTesIMUA HEIWHEHHAs.
ByneM nMcKaTh PErpecCHOHHYIO B BHJE CTeNeHHOi: Yy = ax?; mepexons k
norapudmam (Mogudukanus Tad1.3.2) NoIydyuM JUHEHHYIO 3aBUCUMOCTD

y* =a*+ bx*, rue y* = lny, x* = Inx.

o 20

40 60

80 o0

TosapoobopoT, TeiC. p.

120

Pucynok 8.1
Onpenensem kodpbunueHTs! a*, b 11 MOAUGUITIPOBAHHBIX JaHHBIX.
WcxonHbie qaHHBIC U OCHOBHBIC BEIYMCIICHHS IIPUBEICHBI B Ta0. 8.3.

Taomuma 8.3
Ne n/m x |[x*=Ilnx |y =Iny| x* y? =) ¥ | =)°
1 7 1,95 2,30 3,79 5,30 10,00 9,12 0,77
2 10 2,30 2,20 5,30 4,83 4,68 8,37 0,40
3 15 2,71 1,97 7,33 3,90 0,13 7,59 0,15
4 20 3,00 1,79 8,97 3,21 0,70 7,08 1,17
5 30 3,40 1,84 11,5 3,39 0,29 6,42 0,02
7
6 45 3,81 1,76 14,4 3,09 1,08 5,82 0,00
9
7 60 4,09 1,69 16,7 2,84 2,07 5,43 0,00
6
8 12 4,79 1,61 22,9 2,59 3,38 4,60 0,16
0 2
UToro 26,04 15.16 91,1 29,15 22,32 - 2,67
4

AHaNIOrMYHO MpakTU4Yeckod padote 7.1 ompenenum Kod3PQUIIMEHTHI
a” u b uz cootnommenuti (7.3), (7.4): a* =2,68, b=-0,24. Ilo BenuunHea™ =
2,68 TOTEHIMMPOBAHMEM HAXOJUM HCXOJHBIM KOd(phuIMeHT a: a =
e?%8 ~ 14,58

Takum 00pa3oM ypaBHEHHE perpeccuu uMeeT Bui: y =14,58x

-0,24

N300pa3um 3Ty KpUBYIO Ha AUArpaMMe C UCXOJIHbIMU JaHHbIMU (puc.3.2)
Beruucium:

Qs =267, Q- =0Q—0Q, =22,32—-2,67=19,65
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ToeapoobopoT, Thit. p.

0 20 40 g0 &0 100 f20

Pucynoxk 8.2
CornacHo dopmyie (7.13) nHIEKC JeTepMHUHAIINHA PaBEH
R2=1-L_1_2% 4 _12=088
B Q = 2232 e

BrlunciieHHOE 3HaY€HHWE TOBOPUT O TOM, YTO YpaBHEHHUE PErPECCUU
oObsicHsaeTcst 88 % paucnepcur pe3yJabTaTUBHOIO NMPU3HAKA, a Ha JIOJIIO
npounx GpakTopoB MpUXOAUTCS Jullb 12 %.

Ilpakmuueckan paboma. Ilocmpoenue neauneinnoii pezpeccuu ¢
UCNO1b308aHUE KOMAHOBL «/][00asumb TUHUIO MPEHOA)

Ilenv padoomwi. llocTpouTh YpaBHEHUE HEJIMHEWMHOW PErPECCHU C
HCII0JIb30BaHUEM KOMaH bl «J/[00aBUTH TUHUIO TPEHIAY.

Komanna «/100aBUTH JIMHUIO TPEHAA» UCTOJIB3YETCS ISl BBIACICHUSA
TpeHa (MEJICHHBIX U3MEHEHU ) TIPH aHaJIM3€ BpEMEHHBIX psiaoB. OqHAKO
3Ty KOMAaHJy MOKHO MWCIIOJIb30BaTh W Ui IOCTPOCHUS YPaBHEHUS
HEJIMHEMHOW pErpeccuu, paccMmarpuBas B KayeCTBE BpPEMEHU !
HE3aBUCUMYIO IIEPEMEHHYIO X.

DTa KOMaH/a T03BOJISET MTOCTPOUTH CIICTYIONINE YPAaBHESHHS PETPECCHUU:
e JuHeWHas y = a + bx;
5 — 2 3 4
® [IOJIMHOMHHAJIbHAS Yy =a+ byx+ byx“+ b3x° + byx™ +
bsx® + bgx®;
e Jjorapudmuieckas y = a + b;
e crenennas y = ax’
® DOKCIOHCHIMAJbHAA J = ae

JI1s1 TIOCTpOEHHUS OJIHOM M3 MEPEUYMCIICHHBIX PErpeccuii HeoOXO0aUMO
BBITNIOJIHUTH CJICAYIOIINE IIAru:

Illaz 1. BeecTr 1o cToidaM nexoauele ganuee {x;|y;}, i=1,2..., n (puc
8.3)

bx
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Illae 2. Tlo >TUM JaHHBIM MOCTPOUTH TpauK B JTEKAPTOBOM CHCTEME
KoopauHat (puc.8.3)

Illaz 3. YcTaHOBUTH KypcOp Ha JIO0YIO TOUKY MOCTPOCHHOTO rpaduka,
CAeNaTh IIEITYOK MPaBOM KHOMKOW MBIIIK U B TTOSIBUBIIEMCSI KOHTEKCTHOM
MEHIO BBIIIOJIHUTH KoMaHy Jlo0aBuTh JuHuI0 TpeHaa (puc. 8.3)

WMCxOdHbIE NaHHBbIE \ Fa F,

= 3 HazsaHue auMarpamMmmol :
13,4
15,4 | < E
16,5 R —

' - & [L-
18,6 (W= = Rapl “I + T
19,1 3anueka KoHTyp

(=0 LS LR I ST R

—

¥ aanute
“ﬂ BoccranoewTs ctine
gl VEMEHUTE TN gRarpammsl ANA PRAE..

E?_['I] BribpaTth gaHHBLIE...

Pucynoxk 8.3
Lllae 4. B nosiBUBIIEMCSI JUATIOTOBOM OKHE BBIOpATh HYKHOE
YPaBHEHUE PETPECCUU.
Illac 5. « BknrouuThy HEOOXOIUMBIE OIIINAM:
o «lIloka3are ypaBHeHHMe HA JUAarpamMme» —Ha JIAATPAMME
OyJZleT moKa3aHO BEIOpaHHOE YPABHEHUE PETPECCUU C BBIUUCICHHBIMU

ko3 durmeHTamu.
o «lIlomecTurs Ha aMArPpaMMy BeJMYUHY JAO0CTOBEPHOCTH
annpokcumanuun (R"2)» — nHa guarpamMmme OyAeT IOKa3aHO

3HaueHHe Kod(pdHULUeHTa JeTepMUHALUKM R?(1s HenuHeiHO#
perpeccun — UHJIEKC IeTEPMUHAIINN)

Eciu 1o mocTpoeHHOMY ypaBHEHHIO PErpeccMd  HEOOXOIUMO
BBITIOJTHUTD MPOTHO3, TO HYKHO yKa3aTh YHUCJIO MEPUO/T TPOTHO3A.

[laz 6. Ilocne 3amaHusi BCEX MEPEUMCIICHHBIX ONUMN Ha JUarpaMme
nosiBUTCS (hopMyJsia TTOCTPOCHHOTO YPaBHEHUSI PErPEeCCMU U 3HAYECHUS
MHJIeKCa AeTepMuHaluy R2.

Pewienue. 1lo nanupiM Tabi. 8.1 TMOCTPOUTH CTENEHHOE ypaBHEHUE
perpeccun 9 = ax? [Tocne BBIMTOMHEHUS] TEPEUUCICHHBIX IIAroB
moayduM ypaBHeHue § = 14,58 x7%2% g koroporo  uHuekc
nerepmMuHanuM paseH R? = 0,877 (pucyHok 8.4). Takas BeinMuuHA
TOBOPHUT O XOPOIIIEM COOTBETCTBUHU ITOCTPOCHHOT'O YPABHEHUS UCXOIHBIMH
JTaHHBIMHU.
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X y 12
1 7 10 10 1 o TirEms
2 10 9 peTpeccEH
3 15 7.2 - o Bani
4 20 6 ]
5 30 6.3 = 11_______ & —— Crenexsan
6 45 58 Al o (Pral)
7 B0 2.4 y= 145780241
8 120 5 & R*=10.8778

0. - T T 1
- 50 100 150
Pucynok 8.4

Ilpaxmuueckan padoma. B3zeeuwiennwiit memoo naumenvuiux
Keaopamoeg

Ienv pabomwbi. OcCBOECHWE TPUMEHEHMUS B3BEIICHHOTO METOJa
HAaMMEHBIIMX KBAAPATOB JJII KOPPEKIUMU TIE€TEPOCKEAACTUYHOCTHU
OCTAaTKOB.

Pacuemnwvie coomnowenun. llocne npumenenuss oosiunoro MHK
BBISICHAETCA TE€TEPOCKEIACTUYHOCTh OCTATKOB: CTAaHAAPTHOE OTKJIOHEHHE
OCTAaTKOB JIMHEWHO YBEIMYUBACTCS IIPU YBEIWYCHUU HE3ABHUCUMOU
nepeMeHHoil. Heo0XoaumMo NpUMEHUTh MOIU(PUKAIMIO B3BEIICHHOTO
MHK 1151 KOppeKIMu TaKOM reTepOCKeIaCTUYHOCTH.

Pewenue. IlocTpouTh TOUEUHYIO AUArpaMmy HWCXOJHBIX JIAHHBIX,
IIOMECTUTh HA HEE IJIMHUKO TPEHJA, €ro YPaBHEHHE W HHAECKC
NETEepMUHAIUY.

1.ChopMupoBaTh MaCCUB OCTaTKOB.
2.MoaudunupoBarh  MacCMB  HE3aBUCUMON  IEpPEMEHHOU
CIEAYIOIIUM 00pa3oMm:

|
Xi = / X

3. MoauduumnpoBath MacCCHUB 3aBUCUMOM IIEPEMEHHOU
creyroumm obpazom: y; = i/ X;

4. TIo mOJy4YeHHBIM JTaHHBIM MOIU(PHUIMPOBAHHON pErpeccHH
X;,Y; TOCTPOWUTH IuarpaMMmy oOJlaka PacCCHBAHUS U HHIECKCOM
nerepmuHaii. CpaBHUTH 3TO ypaBHCHHE C YPaBHCHHEM HCXOIHOM
perpeccumu.
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9 J/IuneliHAas MHOKECTBEHHAN perpeccus
DTa Tema BKJIIOYAET BBIMOJHEHUE JTJaOOPATOPHBIX Pa0OT, MOCBSIICHHBIX
IIOCTPOCHUIO W HCCJIEIOBAHUIO YPAaBHEHHUS JIMHEWHOM MHOKECTBEHHOU
perpeccuu Buaa
Y(x1,x2) = by + byxy + byx, 9.1
Ilpumep. JlanHple O CMEHHOM J00BIYE YTIJISI OJHOrO pabdoyero
(mepemenHast Y, U3MepsieTCsd B TOHHAX), MOITHOCTHU IUIacTa (IepeMeHHas
X,, u3MepsieTca B MeTpax) U o0 ypOBHE MeXaHU3alluh pPaboT B IIaxTe
(mepemenHasi X,, U3MeEpsETCS B MPOIECHTAX), XapaKTePU3YIOIIUE TTPOIIECC
no60s1un yriist B 10 maxrax, npuBeeHsl B Ta01.4.1.

Tabmnuma 9.1

Homep wiaxmeut i X4 X, Y
1 8 5 5
2 11 8 10
3 12 8 10
4 9 5 7
5 8 7 5
6 8 8 6
7 9 6 6
8 9 4 5
9 8 5 6
10 12 7 8

IIpennonaras, 4yro wMexnay nepemeHHeiMu Y,X,X, cyliecTByer
JIUHENHAas 3aBUCUMOCTh, HEOOXOAUMO HAWTH aHAJIIUTHUYECKOE BBIPAKECHUE
IU1 9TOM 3aBUCUMOCTH, T.€. IOCTPOUTh YPABHEHUE JTUHEUHON PETPECCUM.

Ilpakmuueckan paboma. Botuucnenue koighpuyuenmos 1uneiinoii
MHOIHCECMEEHHOIL pezpeccuu

IHenv pabomui. J1;1s1 npocTpaHCTBEHHOM BBIOOPKH Ta0. 9.1 HEOOX0UMO
by

BBIYHCIUTE BEKTOP K03 duimentoB b = | b, | ypaBHenue perpeccuu (9.1)
b,

Pacuemnvie coomunouwienusa. Bextop Kod3(pUIIMEHTOB, HaWJICHHBIN
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METOJIOM HAaWUMEHBIIUX KBAJAPaTOB, SBISETCS PELUICHUEM CIEIYIOLIEH
CHUCTEMbl YPaBHECHUN:
X'Xb = X'y,
rae X-martpuna pasmepHocTd 10X3, mepBbiii cTONOEN, KOTOPBIN
cocTaBJjeH U3 1, a Ipyrue ABa cTOJI0I1a COCTABICHBI U3 3HAYCHUHN X;1, X;2,
T.€. MaTpulla X UMEET CTPYKTYPY

1 8 5
Y = 1 11 8 ,
1 12 7
a Y-BekTop, cocTaBiieHHbIH u3 10 3HaueHUH y;, T.€.
Y = 150
8

Marpuna X ' X umeer o6paTtayro Matpuity (X' X) ™1, u Torna BekTop

K03 PUITMEHTOB paBeH
b=X"X)"1(XTY). (9.2)

Jlnst peanuzanuu 3TOM MaTpudHOU (HOPMYJIBI HEOOXOIUMO BBITIOJIHSTH
CIeAyIOlMe ONEepaluu: YMHOXEHHWE Marpul] (YacTHBIM clydad—
YMHOKE€HHE MaTpUIIbl HA BEKTOP); BbIUKCICHUE 0OpaTHOW mMaTpullbl. Bee
AT OMNEpali MOXKHO PEATU30BaTh C MOMOIIBI0 MATPUIHBIX PyHKITUNA MS
Excel xateropun ynkiuii CcblJIKM M MaccuBbI. {1 paboThl ¢ 3TUMU
GYHKIIMAMU MOHO JIHOO oOpatuthecsi kK Macrepy pyHKuuii 1 BoIOpaTh
HY)KHYIO KaTeropuro (QyHKIUM, 3aTeM yka3zaTh UMsi QYHKIIMA U 3a7aTh
COOTBETCTBYIOIIUE JUANA30HBI SYEEK, JIMOO HEMOCPEACTBEHHO BBECTH C
KJIaBUATYPBI UMs PYHKIIUHU U 337]aTh COOTBETCTBYIOIIHI TUANa30HbI STYEEK.

OyHKIMSA TPAHCII  (auama3on sYeeK) OCYILIECTBIISIETCSA
TPAaHCIIOHUPOBAHUE MATPULIBI, T/I€ MapaMeTp AUANa30H SYEEK 3aJ1aeT BCE
AJIEMEHTBI TPAHCTIOHUPYEMOM MATPHIIBI (I BEKTOPA).

Oynkums MYMHOXK (nmanmason_1; amama3oH_2) OCyLIECTBISET
YMHOXEHHE MaTpull B kKateropuu ¢pyHkuuii Maremaruueckne. [Tapametp
auana3zoH_1 3a7aeT 3JIeMEHTHl MEPBON U3 MEPEMHOKAEMBIX MaTpPHIl, a
napaMeTp AHANAa30H_2 —»3JEMEHThl BTOpod Martpuupl. I[lpu s3TOM
NEPEMHOKAEMbIE  MAaTPULIbl  JOJDKHBI  MMETh  COOTBETCTBYIOIIUE
pa3sMepHOCTH (€CliM TepBas MaTpHila pasMepHOCTH N X k , BTopas —
k X m , To pe3ynpratoM OyAeT MaTpuila pa3MEPHOCTH 1T X M).

Oyukiuss MOBP  (quanma3zoH siyeek) OCYIIECTBISICT OOpalieHue
MaTpUIlbl (BBIUUCICHUE OOpaTHOM MAaTpHIbl) B KaTEropuu (PyHKIIHUH
Marematnueckue. [lapameTp Amama3oH siYeeK 3a1acT BCE DBJIEMEHTHI
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oOpaimaemMoil  MaTpullbl, KOTOpas JOKHA OBITh KBaJgpaTHOM U
HEBBIPOKICHHOM.
[Ipu wucmonp3oBaHuUM ATUX (GYHKIWA HEOOXOAUMO COOJIFOJAThH
CIENYIOUIMU MOPSAOK TIEUCTBUI
1. Boimenuth (parMeHT si4eek, B KOTOpbie OyJeT 3aHeceH
pe3yJIbTaT BBIMOJHEHUS MATPUYHBIX (YHKIWA (IIpH 3TOM HAOO
YUYUTBIBATh pa3MepPhbl UCXOAHON MaTPHULIbI)
2. Brectu apudmMeTHyecKoe BBIpaKEHUE, COJepXKallee K
MaTpu4HbIM QyHKIMSIM MS Excel;
3. OnHoBpeMeHHO HaxkaTh kiaBuiu [Ctrl], [Shift], [Enter]. Eciu
ATOTO HE cJAelaTh, TO BBIYUCIUTCS TOJBKO OJUH DJIEMEHT
PE3yIBTUPYIOIIMA MAaTPUILILI MJIH BEKTOPA.
Pewenue. Chopmupyem Marpurly X U BEKTOp Y. 3aTe€M BBINOJHHM
dbopmupoBanue MaTpuiel X ' X , Bektopa X 'Y 1 BBIUMCIIEHHE BEKTOpa b =
(bg, by, by) o popmyne (4.2). B pesymbTaTre MONYy4UM BEKTOD

K02 hUIIeHTOB
—3,5393
b= 08539 |wurtornaypaBuenue perpeccuu (4.1) npumer BuA
0,3670
y(x1,x5) = —3,5393 + 0,8539x; + 0,367x,
(4.3)

Ilpaxkmuueckan paboma. Boruucnenue ko3gpgpuyuenmoe nuneinoi
MHOMCECMEEHHOU PezPeccul U nPo6epKa 3 HAYUMOCHIU 8 pelcume
pezpeccus

Ilenv padoomwi. Vicionb3ysa pexkuMm Perpeccusi, BBIYUCIUTH BEKTOP
ko3 puieHToB ypaBHeHus perpeccuu (9.1)

Tabnuunelil npoueccop MS Excel cogepXuT Moyjb AHAJIHU3 TaHHBIX.
DTOT MOIydb  TIO3BOJISIET  BBIMIOJHUTH  CTATUCTUYECKUM  aHAIU3
BBIOOPOYHBIX JAHHBIX (IOCTPOCHUE TMCTOTPAMM, BBIYMCIECHUE YHUCIOBBIX
XapakTepUCTUK H T.A.). Pexum paboTel Perpeccusi 3Toro Momyns
OCYILIECTBIISIETCS BBIYMCIICHHE ko3 puireHToB JMHEHON
MHOXECTBEHHOW  perpeccud ¢ Kk  TEpEeMEHHBIMH, IOCTPOEHUE
JIOBEPUTEIIbHBIX HMHTEPBAJIIOB M MPOBEPKY 3HAYMMOCTU YpPaBHEHUS
perpeccum.

[Tocne BbI30Ba pexuMa Perpeccusi Ha 3KpaHe MOSBIIAECTCS AHAIOTOBOE
OoKHO (puc 9.1), B KOTOpOM 3a/1at0TCs CIEAYIONIUE TapaMeTpPhI:
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BXOSHEIE SaHHLE
BxncHo vHTEpESR T SCE15T¢IR m 28 |
— — Oruesa |
BLOLHG VHT Ep6an X; §S1:3H511R 65
J | MeTiaa KoHCTaHTE - Hone Crpes<a |
Wf| ¥poEsHe H3 1 EHHOCTIA: g4 | %
-lﬁpaf'ET'_'lsl BeIECOS _
8 BuaoaHoh HRTEpBaN: EHE2? |I|
IHomo# paSodui auc: |
Hozan pabevea para
Ocmamias
| Corarmm | Fpagmx ocraTros
| ClanaapTvEoEartree ocrat | Tpadwx poabopa
Hopronsnas sepasTHoCTE
| TDahK, AUpNErEADA SEPOSTHICTH
Puc. 9.1
1. Bxoowou wummepsan Y — BBOAUTCS JWANA30H SYEEK,
coJepXKallluX 3HA4YeHUs Y; (SYEHKU JOJDKHBI COCTAaBIISITh OJUH

cronberr).

2. Bxoouoti unmepsan X — BBOOUTCS AUAIA30H sTYCEK COACPIKAHUE
3HAYCHUS HE3aBUCHUMBIX IIEPEMEHHBIX. 3HAYCHUS KaXKI0M IEPEMEHON
NPEACTABISAIOTCS OAHUM CTOOIOM. KonnuecTBO mepeMeHHBIX- He
oonee 16.

3. Memku — BKIIOYAeTCs, €CIIM MEPBAsT CTPOKA BO BXOJHOM
IVana3oHe COAEPKUT 3arojoBOK. B 3TOM ciydyae aBTOMATHYECKHU
OyIlyT CO3/1aHbl CTaHAAPTHBIC HA3BAHMUSI.

4. Vposenv maodedxcrnocmu — TpU BKIOYEHHM 3TOT0 MapaMeTpa
3a7a€TCsl  HAJIEKHOCTh Y TMPHU MNOCTPOCHUH JOBEPUTEIBHBIX
WHTEPBAJIOB.

5. Koncmanma-nwone — TpPU  BKIKYEHUM OTOr0 IapamMerpa
ko3 uuent by = 0.

6. Bwixoouou unmepean — Npy BKIOYECHUU aKTUBU3UPYETCS TOJIE,
B KOTOpO€ HEOOXOJMMO BBECTHU aJpec JIEBOM BEpHEW sUeUKHU
BBIXOJITHOT'O JIUANa30Ha, KOTOPBIN COJICPKUT AYEHKHU C pe3yJIbTaTaMu
BBIUHCIIEHUS pexxuMa Perpeccus.

7. Hoewlit pabouuti nucm — TpU BKIIOYEHUH ATOTO IMapameTrpa
OTKPBIBAE€TCS HOBBIM JIUCT, B KOTOPBIM, HauWHas C s4ueiiku Al,
BCTaBJISIIOTCS Pe3yJIbTaThl paboThl pexxnMa Perpeccus.

8. Hosas pabouas xnHuea — Upu BKIOYEHHM ITOTO IapameTpa
OTKPBIBAETCSl HOBAasi KHUTA, HA MEPBOM JIUCTE KOTOPOW, HAUMHAS C
saeiku A1, BCTaBIISIIOTCS PEe3yabTaThl paboTh pexknma Perpeccust.

9. Ocmamku — TIpY BKJIOYEHHH BBIYHUCISIETCS  CTOJIOEI,
coJiep Kalui HeBsI3ku y; — ¥, i =1, ..., n.
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10.Cmanoapmusuposannvie ~ocmamkuy — TPU  BKIIOUYCHUH
BBIYUCIISICTCS  CTOJIOCI, COJAEpXKallui  CTaHJApTU3UPOBAHHBIC
OCTaTKH.

11./ pagpux ocmamrxoe — npu BKIIOUEHUH BBIBOISTCA TOUYCUHBIC
rpaguku HEBSI3KU Y; — ¥, = 1, ..., B 3aBUCUMOCTH OT 3HAUCHUH
nepeMeHHbIX Xj,j = 1, ..., k. KonmnuecTBo rpamkoB paBHO 4mCIO kK

NEPEMCHHEBIX X e

12.I pagpux noobopa — npu BKIOUYEHUU BBIBOJAATCS TOYCUYHBIC
rpauK IpeJICKa3aHHBIX MO MOCTPOSHHOW perpeccuu 3Ha4YeHUH Y,
OT 3HAYCHUM TEPEMEHHBIX Xj, j=1,..., k. KonmuuectBo TpadukoB

PpaBHO YHUCITY k IICPCMCHHBIX X]

Pewenue. IlepBoHauanpbHO BBeneM B ctosidery C jaecarh 3HAYCHMI
nepBod TepeMeHHON X;, B croiOeny D — gecarp 3HaYCHHWIT BTOPOM
nepemeHHou X,, a B cronben F — necsate 3HaueHU nepeMeHHou Y.

ITocne 3TOrO BHI3OBEM pEXUM Perpeccusi U B JUAJIOTOM OKHE 331aJ UM
HeoOxoaumble mapameTpsl (puc. 4.1). Pesynbrarsel paboThl TPUBEACHBI HA
puc.4.2 -4.3. 3ameTuM, 4TO U3-3a OOJIBIION KIIHUPUHBD TA0IHII, B KOTOPBIX
BBIBOJIATCSI pe3yJibTaThl paboThl pexnMa Perpeccusi, 4acThb pe3yiabTaToOB
MOMEIIIEHA B APYTHUE STUYCUKH.

Jlamum KpaTKyr HWHTEPIPETANHMIO TOKA3aTENEM, 3HAYEHUS KOTOPBIX
BBIUUCIISIIOTCA B pexuMme Perpeccusi. IlepBoHayanbHO paccMOTpuM

nokaszaTenu, OoObeIWHEHHBIC Ha3BaHUEM Pecpeccuonnas cmamucmura
(puc. 9.2).

BRIBOJI HTOI'OB

POCUONNGE
CNGPRILC PN

MuoxecTpenuwil R | 0,9009

R-xnaypar 08116
Hopsuposanusif

R-xnampar | 07578
Crasanpraan

owmnbxa | 09509
HaSmonennn 10

Hucnepcronusii

auns

S P
I_’t_'l})ct:cuu 2'-‘,_1'?0-! | IJ‘-._QJ_S
Ocrarok | 6.3296 | 0,904
Hroro 9 | 33,6000 |

3 | o P2

F Iavumocms F

150794 | 0,0029

Pucynok 9.2
Mmuoowcecmeennsiiit R — KOpeHb KBaApaTHBIN U3 ko3 PuiineHTa
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JETEpPMUHALUU.
R-x6éadpam — kod>pduuuent nerepMuHanuy R?.
Hopmuposannwiti R-xeadpam — npuBefeHHbIN KA PUITUEHT
JeTEpMUHAIIUY.

— (n—1)Q, n—1
R2=1-——"—=1——+(1—-R?).
(n—k)Q n-— ( )
Cmanoapmuas owubka — OUEHKA S sl CpeaHEKBaJIpaTUYHOIO

OTKJIOHCHHS O .

Habnooenus — ynciio HaOII0AEHUHN 7.

[Tepennem K IOKa3aTelsM, 00bEeTMHEHHBIMH Ha3BaHUEM
Jlucnepcuornnwiii ananuz (puc. 9.2).

Cmonbey df — umcno creneHedr cBoOonapl. s cTpoku Peepeccus
MoKa3aTelb YHUCIY pPaBeH YHCITY HE3aBHUCHUMBIX TEpPEeMEHHBIX ki = k —
1; mns crpoku Ocmamox oH pasBeH k, =n—(k;+1) =n—k; qna
ctpoku Amozo Q = Q, + Q..

Cmonbey SS — cymma KBaipaToB OTKJIOHEeHUH. st cTpoku Peepeccus
nokazaresb paBeH BenuuuHe @, (cM. dopmynsl (7.10)); Hns ctpoku
Ocmamoxk — paBeH Beauuune @, (cMm. popmyisl (7.10)); mis ctpoku Mmozo

Q = 0Qr + Q..

SS
Cmonbey MS — nucnepcuu, BBIUUCICHHBIE IO Gopmysie MS = a0 T

TUCIIEPCHS HA OJHY CTEIEHb CBOOO/IBI.
Cmonbey F — 3nauenue F., paBHoe F-kpureputro Dumepa,
BBIYUCIICHHOMY 110 popmyJie

Qr
/k,
==
Qe /
k,
Cmonbey 3nHauumocmu F — 3HaU€HUE YPOBHS 3HAUYMMOCTH,

COOTBETCTBYIOILIEE BBIYMCICHHOM BEIMYUHE [-KpUTEpUS U PaBHOE
BepositHoctu P(F(kq,ky) = F,), tne F(kq,k;) — ciydaiiHas Beau4uHa,
noJuuHsIoNas pacnpenencauto dumepa ¢ ki, k, creneHsMu cBOOOIBI.
Ecnu BeposiTHOCTH MeHbI1Ie YpoBHS 3HauuMocTH & (00bruHO a = 0.05), TO
MOCTPOEHHAsI pErpecCusl ABJISIETCS 3HAUUMOM.

[lepeiineM k creayrouiel rpymnmne nokasareneil, 00beIMHEHHbBIX B Ta0.
9.2.
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Tabmuma 9.2

Kosppuyuenmot Cmanoapmnas t-
owuodxa cmamucmuxa
Y-nepeceueHune -3,539 1,907 -1,8564
ITepemennas 0,854 0,221 3,8726
X1
IlepemennasX, 0,367 0,243 1,5108
P-3nauenue Huorcnue 95 % Bepxnue 95%

0,1058 -8,0477 0,9690

0,0061 0,3325 1,3753

-0,1746 -0,2074 0,9415

Cmonbey Kosghuyuenmsi — BbIYMCICHHBIE 3HaYC€HUSI KOY(PHUIIMEHTOB
by, by, ..., by, PacIOIOKEHHBIX CBEPXY BHU3.

Cronbeny CraggapTHas omuOKa — 3HaAYCHHUS Sb» j=0,..,k,

BBIYUCJICHHBIC 110 (popmyJie

Sp; = JSZ{(XTX)_l}jj-

Cmonbey t-cmamucmuka — 3HAa4€HUE CTATUCTUK Ty

Cmonbey P-3nauenue — COAEPKUT BEPOATHOCTH CITYUYaMHBIX COOBITUI

P(tin—k) = Ty rae ttn—k) —  cnyualilHas  BeJIWYMHA,
noguuHsONascs pacnpenenenuto CrTploleHTa ¢ N — Kk CTENeHSIMHU
CBOOOIBL.

Ecnu 5Ta BEpOATHOCTH MEHBIIIE YPOBHS 3HAUUMOCTH &, TO TPUHUMAECTCS
TUIIOTE3a 0 3HAYUUMOCTH COOTBETCTBYIOIIETO KO3 (PUIIMEHTA PETPECCHH.

N3 tabin. 9.2 BUAHO, YTO 3HAUUMBIM KOAI(DPHUIIMEHTOM SIBJISIETCS TOJIBKO
kodpduneHt npu x;: by = 0,854, Tak kak P — 3HaYEHMS MPU X; PABHO
0,0061, yTro MeHbIIE .

Cmonbyvr Huocnue 95% u Bepxnuue 95% - COOTBETCTBEHHO HIDKHHE U
BEPXHUE MHTEPBAIIBI U1 OLIEHUBAEMBIX KOG PUIMEHTOB ;.

[lepeitnem Kk clenymoIiel TrpyIme IoKa3areie, 0O0bEIUHCHHBIX B
Tab:1.4.3.

Cmonbey Habnrooenue — coiepXUT HOMepa HAOJIOACHUIA.

Cmonbey Ilpeockazanue Y — 3Ha4YeHHS J,, BBIYUCICHHBIC TIO
MOCTPOCHHOMY YPaBHEHHIO PETPECCUH.

Cmonbey Ocmamxu — 3Ha4YEHUE HEBSZO0K V; — ).
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Tabmanma 9.3

BEIBOJT OCTATKA |
Habmroderise Hpedcrasannce ¥ Ocmanri Cmeniammme
OCINAMKL
1 5,127 -0,127 -0,152
2 8,790 1,210 1,443
3 9,644 0,356 0,424
4 5,981 1,019 1,215
5 5,861 -0,861 -1.027
6 6,228 -0,228 -0.272
7 6,348 -0,348 -0415
8 5,614 -0,614 -0.732
9 5,127 0.873 1,041
10 9,277 -1,277 -1.523

B 3akmtodueHnn paccMOTpeHUs Pe3yJIbTaTOB peKuMa padoThl Peepeccus
npuBeaeM rpaduK HEBSI30K — OCTATKOB Y; — ¥, 1IPU 3aJaHHBIX 3HAYCHUSIX
TOJILKO BTOpOM miepeMeHHON (puc. 9.3). Hanuuue uyepemyromuxcs
MOJIOKUTEIBHBIX M OTPUIATEIbHBIX 3HAUYCHUM HEBS3OK  SBJISICTCS
KOCBEHHBIM  TPU3HAKOM  OTCYTCTBHUSA  CHCTEMAaTUYECKOM  OIIMOKH
(HEy4YTEeHHON HE3aBHCHUMOWN MEPEMEHHOW) B IMOCTPOCHHOM YpaBHEHUU
perpeccum.

Iepemennan X 2
I'paduk ocTaTKoB

OcTaTkn
o
[=]
S

Tlepemennan X 2

Puc. 4.3.
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[Tpunoxenue 1
Kputunueckoe 3Hauenue t-kpurepusi CTbIOICHTA IIPU YPOBHE 3HAYUMOCTH
0.10; 0.05; 0.01 (aByXCTOpOHHMIN)

Yucio o Yucao o
CTEIIeHEeH CTEIIeHeH
CBOOOIBI 0,10 0,05 0,01 cBOGOIBI 0,10 0,05 0,01
d.f. d.f.
1 6,3138 12,706 63,657 18 1,7341 2,1009 2,8784
2 2,9200 4,3027 9,9248 19 1,7291 2,0930 2,8609
3 2,3534 3,1825 5,8409 20 1,7247 2,0860 2,8453
4 2,1318 2,7764 4,5041 21 1,7207 2,0796 2,8314
5 2,0150 2,5706 4,0321 22 1,7171 2,0739 2,8188
6 1,9432 2,4469 3,7074 23 1,7139 2,0687 2,8073
7 1,8946 2,3646 3,4995 24 1,7109 2,0639 2,7969
8 1,8595 2,3060 3,3554 25 1,7081 2,0595 2,7874
9 1,8331 2,2622 3,2498 26 1,7056 2,0555 2,7787
10 1,8125 2,2281 3,1693 27 1,7033 2,0518 2,7707
11 1,7959 2,2010 3,1058 28 1,7011 2,0484 2,7633
12 1,7823 2,1788 3,0545 29 1,6991 2,0452 2,7564
13 1,7709 2,1604 3,0123 30 1,6973 2,0423 2,7500
14 1,7613 2,1448 2,9768 40 1,6839 2,0211 2,7045
15 1,7530 2,1315 2,9467 60 1,6707 2,0003 2,6603
16 1,7459 2,1199 2,9208 120 1,6577 1,9799 2,6174
17 1,7396 2,1098 2,8982 00 1,6449 1,9600 2,5758
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Tabnuna 3Hauenuii F-kputepusa duiiepa npu ypoBHE 3HAUMMOCTH

[Tpunoxenue 2

a =0,05
k, k

1 2 3 4 5 6 8 12 24 0

1| 1615 | 1995 | 2157 | 224,6 | 2302 | 233,9 | 2389 | 2439 | 249.0 | 2543

2 | 1851 | 19,00 | 19,16 | 1925 | 1930 | 19,33 | 1937 | 1941 | 1945 | 19,50
3| 10,13 | 9,55 9,28 9,12 9,01 | 8,94 8,84 8,74 8,64 8,53
4 | 7,71 6,94 6,59 6,39 6,26 | 6,16 6,04 5,91 5,77 5,63
5| 66l 5,79 5,41 5,19 505 | 495 4,82 4,68 4,53 4,36
6 | 599 5,14 4,76 4,53 439 | 4,28 4,15 4,00 3,84 3,67
7] 5,59 4,74 4,35 4,12 397 | 3,87 3,73 3,57 3,41 3,23
8 | 532 4,46 4,07 3,84 3,69 | 3,58 3,44 3,28 3,12 2,93
9 | 512 4,26 3,86 3,63 348 | 3,37 3,23 3,07 2,90 2,71
10 | 4,96 4,10 3,71 3,48 333 | 322 3,07 2,91 2,74 2,54
11 | 4,84 3,98 3,59 3,36 320 | 3,09 2,95 2,79 2,61 2,40
12 | 475 3,88 3,49 3,26 3,11 | 3,00 2,85 2,69 2,50 2,30
13 | 4,67 3,80 3,41 3,18 3,02 | 2,92 2,77 2,60 2,42 2,21
14 | 4,60 3,74 3,34 3,11 2,96 | 2,85 2,70 2,53 2,35 2,13
15 | 4,54 3,68 3,29 3,06 2,90 | 2,79 2,64 2,48 2,29 2,07
16 | 4,49 3,63 3,24 3,01 2,85 | 2,74 2,59 2,42 2,24 2,01
17 | 445 3,59 3,20 2,96 2,81 | 2,70 2,55 2,38 2,19 1,96
18 | 441 3,55 3,16 2,93 2,77 | 2,66 2,51 2,34 2,15 1,92
19 | 438 3,52 3,13 2,90 2,74 | 2,63 2,48 2,31 2,11 1,88
20 | 435 3,49 3,10 2,87 2,71 | 2,60 2,45 2,28 2,08 1,84
21 | 432 3,47 3,07 2,84 2,68 | 2,57 2,42 2,25 2,05 1,81
22 | 430 3,44 3,05 2,82 2,66 | 2,55 2,40 2,23 2,03 1,78
23 | 428 3,42 3,03 2,80 2,64 | 2,53 2,38 2,20 2,00 1,76
24 | 426 3,40 3,01 2,78 2,62 | 2,51 2,36 2,18 1,98 1,73
25 | 424 3,38 2,99 2,76 2,60 | 2,49 2,34 2,16 1,96 1,71
26 | 422 3,37 2,98 2,74 2,59 | 247 2,32 2,15 1,95 1,69
27 | 421 3,35 2,96 2,73 2,57 | 246 2,30 2,13 1,93 1,67
28 | 4,20 3,34 2,95 2,71 2,56 | 2,44 2,29 2,12 1,91 1,65
29 | 418 3,33 2,93 2,70 2,54 | 2,43 2,28 2,10 1,90 1,64
30 | 4,17 3,32 2,92 2,69 2,53 | 242 2,27 2,09 1,89 1,62
35 | 4,12 3,26 2,87 2,64 2,48 | 2,37 2,22 2,04 1,83 1,57
40 | 4,08 3,23 2,84 2,61 245 | 2,34 2,18 2,00 1,79 1,51
45 | 4,06 3,21 2,81 2,58 242 | 231 2,15 1,97 1,76 1,48
50 | 4,03 3,18 2,79 2,56 2,40 | 2,29 2,13 1,95 1,74 1,44
60 | 4,00 3,15 2,76 2,52 2,37 | 225 2,10 1,92 1,70 1,39
70 | 3,98 3,13 2,74 2,50 2,35 | 2,23 2,07 1,89 1,67 1,35
80 | 3.96 3,11 2,72 2,49 233 | 221 2,06 1,88 1,65 1,31
90 | 3,95 3,10 2,71 2,47 2,32 | 2,20 2,04 1,86 1,64 1,28
100 | 3,94 3,09 2,70 2,46 2,30 | 2,19 2,03 1,85 1,63 1,26
125 | 3,92 3,07 2,68 2,44 229 | 2,17 2,01 1,83 1,60 1,21
150 | 3,90 3,06 2,66 2,43 227 | 2,16 2,00 1,82 1,59 1,18
200 | 3,89 3,04 2,65 2,42 226 | 2,14 1,98 1,80 1,57 1,14
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[Ipunoxenue 3
3nadenue cratuctuk Jlapouna-Yorcona d;, d,, ipu 5 %-HOM ypoBHE

3HAYUMOCTHU
n k=1 k=2 k=3 k=4 k=5

d | d, | d | d, | d | d, | d | d, | d | d,
6 061 | 1,40
7 0,70 | 1,36 | 047 |1,90
8 0,76 | 1,33 | 056 |1,78 037 |2,29
9 082 | 1,32 | 0,63 |1,70 046 | 2,13
10 0,88 | 1,32 | 0,70 | 1,64 0,53 | 2,02
11 093 | 1,32 | 0,66 |1,60 0,60 | 1,93
12 097 | 133 | 081 |1,58 0,66 | 1,86
13 1,01 | 134 | 086 |1,56 0,72 | 1,82
14 1,05 | 135 | 091 |1,55 0,77 | 1,78
15 1,08 | 1,36 | 0,95 |1,54 0,82 | 1,75 0,69 | 1,97 0,56 | 221
16 1,10 | 1,37 | 0,98 |1,54 0,86 | 1,73 0,74 | 1,93 0,62 | 2,15
17 1,13 | 138 | 1,020 | 1,54 0,90 | 1,71 0,78 | 1,90 0,67 | 2,10
18 1,16 | 1,39 | 1,05 | 153 0,93 | 1,69 0,82 | 1,87 0,71 | 2,06
19 1,18 | 1,40 | 1,08 | 153 0,97 | 1,68 0,85 | 1,85 0,75 | 2,02
20 120 | 1,41 | 1,10 | 1,54 1,00 | 1,68 0,90 | 1,83 0,79 | 1,99
21 122 | 1,42 | 1,13 1,54 1,03 | 1,67 0,93 | 1,81 0,83 | 1,96
22 124 | 1,43 | 1,15 | 1,54 1,05 | 1,66 0,96 | 1,80 0,86 | 1,94
23 126 | 144 | 1,17 | 1,54 1,08 | 1,66 0,99 | 1,79 0,90 | 1,92
24 127 | 145 | 1,19 155 1,10 | 1,66 1,01 | 1,78 0,93 | 1,99
25 129 | 145 | 121 | 1,55 1,12 | 1,66 1,04 | 1,77 0,95 | 1,89
26 130 | 1,46 | 122 [155 1,14 | 1,65 1,06 | 1,76 0,98 | 1,88
27 132 | 147 | 124 |1,56 1,16 | 1,65 1,08 | 1,76 1,01 | 1,86
28 133 | 1,48 | 126 |1,56 1,18 | 1,65 1,10 | 1,75 1,03 | 1,85
29 134 | 1,48 | 127 |1,56 1,20 | 1,65 1,12 | 1,74 1,05 | 1,84
30 135 | 149 | 128 |1,57 121 | 1,65 1,14 | 1,74 1,07 | 1,83
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[Tpunoxenue 4
3aganue s camocTosiTeIbHOU padoThl Ne 1 M3yueHne ocHOB
TEXHOJIOTUYECKOT0 IMTPUMEHEHUS 030HA

[enb paboThI

1) O3HakoMJIeHHE C PpAaCIPOCTPAHCHHBIMH CXEMaMH TEXHOJIOTHYECKOTO
MIPUMEHEHUS 030Ha;

2) UccnenoBanme BHIXOJHBIX XapaKTEPUCTUK TeHEPATOPa 030Ha;

3) U3ydenue npoiecca pacTBopeHus (abcopOLmm) 030Ha U3 030HO-BO3AYLITHOMN
CMECH B BOJy M B3aMMOJICHCTBHS O30HA C 3arps3HSAIONIMMH TPHUMECSIMH B BOJIE B
mporiecce ee 00padboTKH;

4) IlomydeHue HaBBIKOB pabOTHI C TEHEPATOPOM O30HA, H3MEPUTEISIMHU
KOHIIGHTpAIlMd O30Ha B Ta3e M JKUJKOCTH, H3MEPUTEIEM IIBETa >KHUJKOCTU

(KosIOpUMETPOM).

IIpenBapuTenbHbIC CBEICHUS

O30H siBNIsIETCA AJUIOTPOITHOM (OpMOM KHUCTopoAa ¢ XuMudeckoi dopmysoit Os.
[Ipu HOpMaJIbHBIX TeMIlepaType W JaBJIEHUU OH MpeAcTaBiisieT co0oil ra3 roixyooro
[[BETA C XapaKTEepPHBIM 3amaxoM (MO-rpeuecKku 030H - naxHymuid). [Ipu Temneparype
xunenus pasHoi -111,9°C 030H nmpeBpaiaercs B kKUAKOCTh TEMHO-CUHETO LIBETA, a
npu Temreparype miasnenus -192,5°C 030 KpucrammMsyercs B TEMHO-(UOIETOBBIE
WTOJIbYATHIE KPUCTAILIBI.

YucThlii 030H B3PHIBOOIACEH, TaK KakK MPH €ro pas3jiokKeHHH BBICBOOOXKIAeTCs

3HAUUTENHLHOE KOJIMYECTBO TEIIA, CIOCOOCTBYIONIEE MPOLIECCY PA3IIOKEHUS 030HA.
203=30,+71 kxan

[Ipu TexHOMOrMYEeCKUX KOHIEHTpauusx g0 200 Mr/n1 030H NPaKTUYECKU
0e3omaceH, MOATOMY B3PBHIBOB HE MPOUCXOAUT HU MPU €ro HAarpeBaHWUU, HU TPHU
yaapax.

O30H TOKCHMYEH W JICUCTBYET HA OpraHbl JbIXaHUs, & TAKXKE MOXET MOpakaTb

LEHTPAIbHYIO HEPBHYIO cucTeMy. IIpenenbHO IOIMyCTUMOE COAEpKAaHUE O30HA B
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BO3/lyX€ MOMEUIEHUH, rJe padoTatoT Jroau, coctapiser 0,1 Mkr/m.

OCHOBHOE  TEXHOJIOTMYECKOE  IPUMEHEHHWE O30Ha CBA3AHO C  €ro
VCKIIFOUUTENIbHBIMU  OKUCIUTENbHBIMA CBOMCTBaMU. [l0 CBOMM OKHCIUTEIBHBIM
BO3MOXHOCTSIM 030H CTOUT 32 ()TOPOM, TMAPOKCUIILHBIM PAJUKAIOM U aTOMapHbIM
KHMCJIOPOAOM, OIIEpekKasi TAaKUE IIUPOKO H3BECTHBIEC BEIIECTBA KaK XJIOP, MEPEKHUCH
Boiopoaa. O30H, caM SIBISSICh CHJIBHBIM OKUCIHUTENEM, MPU pa3iokeHHH oOpa3yer
aTOMapHbI  KUCIOPOJ, OKHUCIWUTEIbHBIE CBOWCTBA KOTOpPOro eme Ooiee
3HauuTeNbHbIe. biiaromaps 3ToMy, O30H B HAacTosllee BpeMs HaXOAUT Bce Oolee
LIMPOKOE IPUMEHEHUE IPU MOJATOTOBKE MUTHEBOM BOJBI, OUYMCTKE CTOYHBIX BOJ,
00pa0oTKe BOJbI B IUIABATEIbHBIX OacCeiiHAX, OUMCTKE OTXOASIIUX Ia30B, B CEIbCKOM
XO35MCTBE.

VYHuKagbHbIE Je3UH(ULUPYIOLIUE CBOMCTBA 00ECIEUnBalOT IPUMEHEHHE 030HA B
MEIUIMHCKUX TEXHOJOruax. IlloAroroBka O30HMPOBAHHOTO (U3HOJIOTUYECKOTO
pacTBOpa, 0O30HHAS AyTOTeMOTEpanus, 0’KOTrOBble 3a001€BaHUs, HHTAJALMH - 1aJIEKO
HE IOJIHBII NMEePEeYEHb METOIMK JICUEHUS, T/I€ 030H UIPACT UCKIOYUTEIBHO BAKHYIO
ponb. Kpome Toro, mokasaHo, 4TO O30HMPOBAHHME BO3AYIIHOW CPEIbl YIydIIAeT
YCJIOBHSI TPY/1a, CHAXKAET OOITYI0 MUKPOOHYIO 3arpsi3sHEHHOCTH B 3-4 pasa.

PaccmoTpum HecKoJbko o0s1acTel MPUMEHEHUS 030Ha.

1. IToaroroBka nuTbeBoOil BoAbL. [[pMeHeHre 030Ha 11 MIOATOTOBKH MU THEBOU
BOJIbl OTHOCUTCSI K CaMbIM PaHHMM OOJIaCTSM, HCIOJIb3YIOIIUM OKUCIUTEIbHBIE U
ne3uHPUIMpyolre cBoicTBa 030Ha. [lepBOHAYAIBHO O30H MCHOJIB30BAJICS TOJIBKO
11 00e33apaKUBaHUs, 3aTEM €0 CTaJU MPUMEHSTH JUIs yIaJeHHs 3armaxa, [BETHOCTH
BOJIbI M IIPUMECEH.

O0e33apakuBaHKe - 3TO YAAJICHHE U3 BOAbI OAKTEpHil, Criop, MUKPOOOB M BUPYCOB (

uHakTHBaus ). Jns ynmanmenuss OakTtepuil B BOAY BBOJAT JE3MH(PUIIUPYIOIIEE
BeliecTBO. Uem Oosblnie 1e3nHPUIIMPYIONIEro BelecTBa BBEICHO, TeM (P (dEeKTUBHEE
ero Bo3jeicTBre Ha OakTtepuu. Jlo3a Ae3nHPUIMPYIOEro BeuecTBa (MUHUMAIbHOE
KOJIMYECTBO JE3MH(PUIIMPYIONIETO BEIMIECTBA B MWJUIMTPaMMaX, HEOOXOAMMOE IS
WHAKTHUBAI[MHU OJTHOTO JIUTpa 00pabaThIBAEMOU BOJIbI) BAPbUPYETCS B 3aBUCUMOCTH OT

COZCPIKaHMA B BOJAC OPraHMYCCKHUX BCIICCTB, OT TCMIICPATYPLI BOJAbI H OT BCIIMYHNHBI
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AKTHUBHOM PEaKIIUU BOJBI C Je3MHPUITMPYOmKUM BemecTBoM - pH. Ha puc.1 npuBenex
rpaduK 3aBUCHMOCTH KOJIMYECTBA OAKTEPHIA, COJCPIKAIIUXCSA B BOJC, OT BEIUYHHBI
7103bI BO3JICUCTBYIOIIETO JIe3MH(UIMPYIOIIETO BellecTBa ( B HameM ciydae xjopa D
u 030Ha D).

Konnuectso Oaktepuil BBOJE B 3aBHCUMOCTH 0T
T03H Ne3nHpEKTaHTa

0 W3 rpaduka BuIHO,

KOI-BO

Gakrep 030K YTO MPHU HCIIOIH30Ba-HUU

10°

XJiopa, 4yeM OoJiblIe €ro
J03UPOBKA B

1032 oOpabaTbiBaeMyl0  BOJY,

— 0"2 0:3 0:4 0"5 - TEM MEHBIIICE KOJINICCTBO
Purc. 1 OakTepuit

BbDKUBaeT. [[1s o30Ha OOHapy>KHUBaeTCs pPE3Koe OaKTEpUIIMAHOE JACHCTBHUE MpHU

JOCTHKCHUU KPUTHUYECKOW 1103bI 030HA paBHOUW 0,4 - 0,5Mr 030Ha B ra3e Ha JIUTP

oOpabaTbiBaeMoii BOjbl. [Ipudem, MpoOUCXOAUT MOTHAS WHAKTUBAITUS BOJIBI.

MexaHu3M BO3ACHCTBUSL OKUCIUTENSI COCTOMT B pa3pyllIeHHH OaKTepHUil myTeM
WHAKTUBAIlMM OaKTepuaJbHBIX MPOTEHHOB, TO €cTh nuddysueit yepes MeMmOpaHy
KJICTKU B IIUTOIIa3My C TIOPAKEHUEM KU3HEHHBIX IIEHTPOB.

UccnenoBanus MexaHu3Ma 030HUPOBAHUS OAKTEpU MOKa3aJId, YTO ACHCTBUE €T0
MPOUCXOAUT OBICTPO TPU  YCJIOBUM TMOJJCPKAHUS HYXHOM KOHIICHTPAIUU
PacTBOPEHHOI0 O30Ha B BOJI€ B TEUCHHE OIpelesieHHOro BpemeHu. Ecinu 030H
7 (PEeKTUBHO BO3JIEHCTBYET HA OAKTEPHH, TO XJIOP MPOU3BOJUT TOJIBKO BHIOOPOYHOE
OTpaBJIEHNE >KU3HEHHBIX IIEHTPOB OaKTepHii, MPUYEM TOBOJILHO MEIJIEHHOE H3-3a
HEOOXOJIMMOCTH JITTUTEIBLHOTO BpeMeHH sl AudPy3un B IUTOILIA3ME.

Bpemst HeoOxoammoe JUTsi CHIDKEHUSI KOHIIGHTpAIMu OakTepwuil O JOMYCTUMOMN
BEJIMYMHBI, XAPAKTEPU3yeMOW KoJu-uHIekcom u paBHo mno ['OCTy 2874-82
3HAYEHHUIO 3, HA3bIBAECTCA BPEMEHEM MHAKTUBALIMH.

Jns xyopa Bpemsi HWHakTuUBaluu coctaBisier 30 MHH 0Opu  CcOAepKaHUU
OCTaTOYHOTO XJIOpa B BOJE B mpeaenax Cxc=0,05 - 0,2 mr/m.

J17151 030Ha 3TO BpeMsi COCTABIISIET 12 MUH. NPU COJIEPKAHUK PACTBOPEHHOIO 030HA
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B BOJIE Cy0,=0,1 - 0,3 mr/m.

Bo ®paHumu uisi MHAKTUBAaLUMW BOJBI IPUHATO BpEMs paBHOE 4 MUH. IIpU
KOHIIEHTPAIIMU 030Ha B BOJIE Cp0s=0,4 MI/1.

YuuTeiBas, 4YTO BpeMS WHAKTUBALMM B CWIBHOW CTENEHU 3aBUCUT OT
KOHLIEHTpallMl OCTaTOYHOro o30Ha B Bojxe, B CIIIA BBeIeHO B MPaKTHUKY
ucroJib30BaHue Tak HazbiBaeMoro CT - ¢akTopa [Mr/in-MuH|, KOTOPBINA yCTaHABIMBAET
CBSA3b MEXAY HEOOXOAMMBIM BPEMEHEM HWHAKTUBAllMM M  KOHLEHTpauueu
PaCTBOPEHHOI'O 030HA B BOJE.

Tabnuua 1.3aBucumoctsb CT - pakTopa 0T cTeneHN HHAKTUBALMHU BOJIbI U €e

Temueparypsl (pH=6 - 9)

VpoBeHb Temneparypa soasl, °C
WHAKTUBAaIMHU 0,5 5 10 15 20 25
0,5 0,53 0,44 0,37 0,27 0,2 0,13
1,0 1,13 0,67 0,53 0,47 0,35 0,2
2,0 2,2 1,33 1,13 0,87 0,67 0,53
3,0 3,0 2,0 1,67 1,3 1,0 0,67

W3 Tabmuupl BUJHO, YTO YEM BBILIE YPOBEHb (TOPSAOK CHMXKEHMSI KOJIMUYECTBA
OakTepuil B BOJI€) MHAKTUBAIIMU BOJbI, TO €CTh MEHBIIEE KOJIUYECTBO OaKTEepHii
JIOJIKHO OCTaThCs B BOJIE, TeM Oouibiiiee 0kHO ObITh 3HaueHue CT - pakropa. Kpome
TOTO, YeM BbIIIe Temreparypa Boabl, TeM MeHblie CT - ¢aktop. Hampumep, npu
temneparype Boasl +25°C M 0CTaTOYHON KOHIEHTpALUKM O30HA B BOjAE 1Mr/m juis
WHAKTUBAIIMU HA TPH MOPSAKAa HEOOXOIUMO BpeMsi 00pabOTKH BOJBI O30HOM PaBHOE
0,67MuH.

Kpome 60:1b1110#1 cHOCOOHOCTH YHUUTOKEHUSI OaKTEepHil 030H 00J1aJaeT BHICOKOH
3 (PEKTUBHOCTHIO B YHUUTOKEHUHU CIOP, HUCT ( IJIOTHBIE 000JI0UKH, 00pasyromuecs
BOKPYT OJTHOKJIETOYHBIX OPTaHU3MOB, HAIIPUMED, )KTYTUKOBBIX M KOPHEHOXKEK, TPH X
Pa3MHOXEHUH, a TaKKe B HEOJArONMPUSATHBIX JJISI HUX YCIOBUSX ) U MHOTHUX JIPYTHUX
MaTOre€HHBIX MUKPOOOB.

O6€CHB€‘-II/IB21HI/IC - OTO yAAJICHUC N3 BOJAbI OPraHMYCCKUX N XMMHNYCCKHX BCIICCTB,

OKpaloruBaromux BOJY. B 3aBucumMoctu ot OBCTHOCTHU HCXOHHOﬁ BO/JbI Tpe6yeTc>1

OoJIbIlIee UM MEHbIIIEEe KOJUYECTBO 030HA JJIA 06€CHBGIII/IBaHI/ISI BOJBI.
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B Poccum pns mOBEpXHOCTHBIX BOJ
3aBHCHMOCTD 00€ECHBEYHBAHUS BOJIH

0T T03HPOBKU 030HA CPEIHUX M CEBEPHBIX pPANWOHOB IS

rpaj | UBETHOCTH

60

AOBCIACHHA IIBCTHOCTH BOJAbI 1O HOPMBbI
YBECTHYCHHUC

HCXOHO B 20° 06b1uHO Tpebyercs m03a 030Ha D

BCTHOCTH
20 1 !

20 \ 1034

03o0Ha HCXOIHaA I[IBETHOCTH BOJIbI

03 = 2,5 mr/m.

JIng  I0KHBIX ~ pPalOHOB, TAE

0 2 4 6 § wmr/n

Puc. ) 3HAUYUTEIBHO OOJbIIe, TPeOyeTcs yxKe
He.

71032 030Ha, paBHas § MI/IL.

Ou3znyuecknii MeXaHW3M BO3JCUCTBUS 030Ha TIPU OOECIBEUYMBAHUM BOJIbI
3aKJIF0YAETCsl, BO-TIEPBBIX, B pa3iioxkeHnu BemecTB 10 npocrenmmux H,O u CO,, Bo-
BTOPBIX, B KOAryJsiuu (00bEeIMHEHNH) BEIIECTB C JAIbHEHIIINM BBITIaJIEHUEM HUX B
0CaJIOK.

OddexTuBHOE 00€CIIBEYMBAHUE BOJbI O30HUPOBAHUEM SIBIISICTCS OJHUM U3
OTIPENENSAIONUX KPUTEPUEB B BEIOOPE 030HA B KAYECTBE BO3JICUCTBYIONIETO PeareHTa
MPU MOATOTOBKE MUTHEBOU BOJIBI.

Y nanenwue xene3a u Maprania. B npupoaHbIx Bojax HanboJiee 4acTo BCTpedaeTcs

kKeJe30 B JBYX BaJICHTHOM ¢opme, HaxoAslleecs B PACTBOPEHHOM COCTOSIHUH.
Mapranen; B nNpupoJHON Boje OOBIYHO COMYTCTBYET kenedy. Oba 3TuUX BellecTBa
MPUJAIOT BOJIE LIBETHOCTh M XapaKTEpHbIM MPUBKYC. O30H JIETKO OKHUCISET COJIH
JKeJie3a U MapraHiia ¢ 00pa3oBaHUEM HEPACTBOPUMBIX BEIIECTB, KOTOPHIC YIAJSIOTCS
OoTCTauBaHUEM WM (GuiabTpanueil. XuMUYECKUe peakiuu Cyiab()HumoB xeneza u
Mapratiia ¢ 030HOM MOYKHO 3alKcaTh B BUE:

Mn SO4 + O3 + H,O = H, Mn O3(0caH0K) + O, + H, SOy

2 Fe SO4+H,; SO + 03 = Fez(SO4)3(ocaﬂ0K) + H,O + O,

Ecnu xene3o u mapranen coaepxarcs B GopMe OpraHu4ecKuX COSAUHEHUN WU
KoyutonaanbHbix yactull ( ¢ pazmepom 0,1 - 0,01 MxM ), To obOe3xkeae3uBaHUE U
JIeMaHTaHaIs BOJIbI OOBIYHBIMU CTIOcO0aMu He yaaeTcs. B aTom cirydae HeoOXoammo
NpeIBapUTEIbHOE OKHUCJIEHHE HJTHX KOMIUIEKCHBIX OPraHUYeCKUX COEAMHEHUH,

MPpUBOAAIICC K MX PACHICITICHHUIO, ITOCJIC 4YCT0 CTAHOBUTCA BO3MOKHBIM YIAJICHUC
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’Keje3a W Mapraiila OJHUM M3 OOBIYHBIX MeTOoAOB. OKHUCHSAS KOMIUIEKCHBIC
COCIMHEHHUSI, 030H MpeoOpa3yeT PACTBOPUMBIE COJIM B HEPACTBOPUMBIC, MOATOMY
HeoOXoauMoO mocienyioniee (UIBLTPOBAaHUE BOABI JUISI OCBOOOXKICHHS €€ OT
BBINIIAOIINX OCA/IKOB.

Cnenyer OTMETUTh, YTO XOTS O30HMPOBAaHME U HE SBISIETCS HaubOosee
HSKOHOMUYHBIM METOJOM O0€3)KEeIEe3UBaHUS U IEMaHTaHAIIUK, HO IPUMEHEHHE 030Ha
C OTUMH LIEJISIMU ONPABAAHO B JBYX CIy4asix: BO-TIEPBBIX, KOTJIa OOBIYHBIE CIIOCOOBI
yAQJEHUs W3 BOJBI Kejle3a M MapraHila He JaloT pe3yJbTaTOB WM BEOyT K
HEJIOCTAaTOYHBIM pE3yJibTaTaM, BO-BTOPBIX, KOTJa HEOOXOAUMO OJIHOBPEMEHHOE
yCTpPaHEHUE 3allaXx0B, IPUBKYCOB M [IBETHOCTU BO/IBI.

yCTI)aHeHI/Ie IIPUBKYCOB M 3aIlaXOB BOJHI. HGHpI/IﬂTHBIC IIPHUBKYChI W 3allaXu B

HEKOTOpPBIX  MPUPOAHBIX  BOJIAX  BBI3BIBAIOTCS  NPUCYTCTBUEM  COEIUHEHUI
MUHEPAIBHOTO U OPTraHUYECKOIO MPOUCXOXKIACHUS, HAXOASAIIMXCS B PAaCTBOPEHHOM
WU KOJUIOUJHOM COCTOSIHMM. DTH TMPHUBKYCHI MO CBOEMY IMPOUCXOXKIECHUIO MOTYT
OBITH:

a) MHUHEPAJbHOTO TMPOUCXOXKJICHUS, T.€. BBI3BIBAEMBbIC HAIMUYHUEM HKEJe3a,
Maprasiia, CepoBOJIOPO/ia U OOIIEei MOBBIIIIECHHOW MUHEpATU3aIlHeH;

0) NOPUPOTHOTO OPraHUYECKOrO0 MPOUCXOXKACHUS - TYMHUHOBBIC KHCIOTHI,
OpPraHWYECKUE BEIIECTBA, IMOCTYIAIOIMIME CO CTOKaMH, BOJOPOCIM M 4Yallle BCETO
IIJIAHKTOH;

B) TOPOJICKOTO MPOUCXOXKIACHUS - MPOJYKTHI pacmaja OPraHMYEeCKUX BEIIECTB B
TOPOJCKHX 0TOpOCaX;

') MPOMBIIICHHOTO MPOUCXO0XKACHUS - PA3IMUYHbIE XUMUYECKUE CTOKH, MOIOIIIKE
CpEACTBa, YIIIEBOIOPOIbI, TYJIPOH U JIP. CMOJIBL;

7) CEIIbCKOXO3SMCTBEHHOTO TIPOUCXOXKICHUS - TECTUIUIBI, TepOUIIHIbI,
MUHEpPAJIbHBIC Y00pEHHUS.

O30H OKHCIIIET HA3BaHHBIC BBIIIE COEAUHEHHUS, NPUBOAS K HUX PACIICIUICHHIO,
COTIPOBOXKIAIOIIEMYCSI MCUEC3HOBEHHEM TIPUBKYCOB M 3alaxoB. TakuM o00Opazom
OPOUCXOIUT HEUTpANIM3alMsl BELIECTB IyTEM CBOETO poOJa “XOJOMHOTO CKHUTaHUS .

Hanpumep, npu oKHCIEHUU CEpPOBOIOPOIa HAOIIOIAETCS BBIJICTICHUE CEPBI:
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HQS+O3:H20+S+02

bnarogapss Gonee BBICOKON OKHMCIUTENIBHON CIIOCOOHOCTH, O30H B COCTOSIHUU
JEHUCTBOBATh HA TAKUE COECIMHEHHUS, KOTOPBIE HE MOABEPTatOTCs BO3ACHCTBUIO IPYTUX
XUMHUYECKUX peareHToB. OOpaboTka BOJbl M30BITOUYHBIM KOJIMYECTBOM O30HA HE
BJICUET 3a COOON HUKAKUX HEXKEJIaTeNbHBIX SIBICHUN: M30BITOYHBIA O30H, OyIydu
HECTOMKMM, CHOBa IPEBPAIIACTCS B KHUCIOPOJ B TEYEHHE HECKOJbKUX MUHYT.
O30HHpOBaHUE HE CO3AECT JOMOJHUTEIBHBIX WIN 3aMEINAIOIINAX COCIUHEHUH, TOr1a
KaK XJOp JaeT C HEKOTOPbIMHU BEIIECTBAMH CJIOKHBIE COCAMHEHMS, BBI3BIBAIOIINE
NOSIBJICHHE BechbMa pe3Kux 3amnaxoB. Hampumep, npu o0paboTke XJIOpOB BOJIBI,
cojepkamie mnpumech (EHoJIoB, oOpasyeTcss XJIOp(eHosl, HMEIoImMA BecbMa
HEIPUATHBIE IPUBKYC U 3anax. HakoHel, npu oOpabOTKE 030HOM BOJla HACHIIIAETCS
KHUCJIOPOJIOM, YTO MIPUBOJIUT K 3PPEKTY POTHUKOBOM BOJBI.

PaccMoTpuM  NpUHUOUMIUATIBHYI0 TEXHOJOTHYECKYIO CXEMY YCTAaHOBKHM s
KOMIUJICKCHOM OYHMCTKM TIUTHEBOW BOJABL. B JaHHOW yCTaHOBKE pealn30BaHa
TpaJMLMOHHAS. CX€Ma OYUCTKM BOJAbI O30HHpPOBaHMEM U (punbTpoBaHueM. Cxema
YCTaHOBKH ITOKa3aHa Ha puc.3.

Cxema NDOATOTOBKH NHTbHEBON BO JH

Qo 0 SN |

- o
=, 4
; §
6 3 moTpe-
butens
Puc.3
I -oTcToiHHK 4 -koarynaut T -9KeKT0p
] -KOHTAaKTHB M anmmapar S -KkaMepa cMEm eHUA § -duaptp
J-reHepaTop 030HA 6 -ylalnenue 0TCTOA 9 - KOHCEpPBAHT
I

0 - mecTpykTop 030H

[lepen mocTymiueHneM B YCTaHOBKY W3 BOJBI, 3a0MpaeMoil B BOJOEME, CHavasa
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BXOJHBIM (QUIBTPOM TIpyOOH OYMCTKHM, a 3aTeéM B OTCTOMHUKE 1 ypanstorcs
MeXaHW4yecKue npumecu. Jlanee Boga nocrynaer Ha 00paboTky peareHTaMu. OOBIYHO
UCIIOJIB3YETCSL CX€Ma C Ipeld- U IOCTO30HHpoBaHUEM. lIpenozonupoBaHue BOJIBI
OCYLIECTBISICTCS IIOCIE YJIAJCHUS MEXAaHWYECKHUX IIPpUMECEd W IPOU3BOIAUTCS B
KOHTakTHOM ammapare 2. O30H B KOHTAKTHBIM ammapar MOCTYNAaeT OT I'eHepaTtopa
ozoHa 3. Ilpeno3oHupoBaHME HMEET LENbI0  IPOBEACHUS  IEPBUYHOIO
o0e33apaXMBaHUS BOJIbl, YJAJCHMUsS LBETHOCTH, OKHCIEHUS M IIEPEBEICHUS B
KOJUIOUJTHOE COCTOSIHUE PAaCTBOPEHHBIX MeTauioB. OIHOBPEMEHHO O30HMPOBAHUE
BOJBl CIIOCOOCTBYET peaju3aluu Ipolecca (QUOKYISIUUA (SBICHHE Cl1aboro
XJIONbEOOpPa3oBaHUA - KOJUIOMJAIbHOM  MyTHoctH Box). OOpa3zoBaBiuecs
HEpPAaCTBOPUMBIC BEHIECTBA YAAIAIOTCA M3 BOABI OTCTAMBAHUEM B CIELHUAIBHBIX
anmnaparax - orcroiHukax 1. Yacto st ycuneHus mpouecca (IoKyJIsSIuu IOciie
MIPEI030HUPOBAHUSI B BOAY J00ABISIOT CIELUAJIbHBIE BEIIECTBA - KOAryJsHTHI 4,
CIIOCOOCTBYIOIIME TMPOLIECCY CIUSHUS YacTUL] B KpyIHBIE arjoMmepaTsl U Ooiiee
ObICTPOMY BBINAJEHUI0O MX B ocafok. K TakuMm BemiecTBaM OTHOCSATCS CyJbdar
ATIOMHMHUS Y XJIOPHOE Kene30. I ynydieHns CMENTMBAHNS KOAryJISHTOB C BOJOU B
Kamepax CMEIIEHUS S OCYIIECTBIAIOT HMHTEHCUBHOE INIEPEMEIINBAHUE BOABI U
koarynsHTa. llocie OTCTOMHMKA BOJAa C OCTABIIMMHUCS B HEW 3arpA3HUTEISIMU
ITOABEPraeTCss MOBTOPHOMY O30HHPOBAHHIO, LIEIBIO KOTOPOTO SIBJIIETCS MPOBEICHUE
MPOMEXYTOUHOM AEe3MH(PEKLINH U OKHCIEHHUS OpraHMYecKHX BellecTB. B Hamiem
IIPUMEpPE BBEACHHUE 030HA B BOAY OCYILECTBIISETCS C IIOMOLIBIO KekTopa 7. Bona ¢
pacIlerIeHHBIMU OpPraHWYeCKUMH BEIlleCTBaMU TOCTymnaer B (uibTp 8, KOTOpBIit
MOXKET OBbITh WJIM KOMOMHHUPOBAHHBIM C II€CYAHOW M YTOJIBHOM 3arpy3Kkoil, Wiu
COCTOAIIMM U3 JBYX (WIBTPOB, 3arpyXEHHBIX COOTBETCTBEHHO II€CKOM U
aKTUBUPOBAHHBIM  YIJIEM. YCTaHOBJIEHO, 4YTO KOMOMHHMpPOBaHHAs OYHMCTKa
“030HMpOBaHKE-PUIbTPALUMSl HA aKTUBUPOBAHHBIX YTIsX~ MO3BOJIsAET 3 (dekTuBHEE
UCIOJIb30BaTh COPOLIMOHHYIO 3arpy3Ky (GuibTpoB. [IpuunHON sABIsETCS HACHILIEHNE
BOJIbI KHCIIOPOJIOM TIPU €€ 030HUPOBAHUH, UTO CO3/1a€T OJIArONPHUATHBIC YCIOBUS IS
KU3HEAESITEIbHOCTH OaKTepUil B TOJIIE YrOJbHOM 3arpy3ku, 00€CIeUMBAIOLINX

OMOJIOTUYECKOE OKHCIICHHE 3arps3HCHWM B TIOpax 3arpy3kd U TakuM oOpazoMm
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YBEIIMYMBAIOLIMX CPOK UCIIOIb30BaHUSI aKTUBUPOBAHHOIO YTJISl 10 €r0 PEreHEpaLNu.
[locne ¢QunpTpanuu Boma TOABEPraeTCs O30HUPOBAHMIO i OKOHYATEIHHOM
Ae3uH(GEeKIUd ¥ TpUIaHUS HEOOXOJMMBIX BKYCOBBIX KadecTB. B kadecTBe
CMEIIMBAIOIIUX YCTPOMCTB 3HECh HCHOJIB3YIOTCS KOHTAaKTHas KaMmepa WIH
KOMOWHAIA U3 PKEKTopa U TypOyhm3aTtopa (Ha puc.3 He moka3aHbl). Ha BeIxome k
MOTPEOUTENI0 BOJA KOHCEPBUPYETCA XJIOPOM 9, HE MO3BOJSIOIIMM PAa3BUTHIO
OakTepuil B BOJIE MPU €€ TPAHCIIOPTUPOBKE 1O TPYOOIPOBOY.

2. TloaroroBka BOAbI B ILIaBaTeJbHbIX OacceilHax. TpeOoBanus,
IpeIbsABIsieMble K BOJE B IJIaBaTEJIbHBIX OacceliHax, aHaJOrMYHbl TPeOOBaHUSAM K
NUTHEBOM BoJe. B CBsI3M ¢ 3TUM HMIAECHTUYHBI U OCHOBHBIE CTAUN 0OpaOOTKHU BOJbI:
yaajaeHue npumeceit QuiIbTpoM rpyooi O4yuCTKE (BOJOCOJOBKOM), O30HUPOBAHUE
BO/Ibl B KOHTAKTHOM KaMmepe, y/laJeHHe B3Becel, 00paszyroluxcs B BOJE, IECYaHbIMU
1 COpOLIMOHHBIMU (PUIIBTPAMH, KOHCEPBAIUS BOJBI XJI0pOoM ¢ Ao3upoBKoi C¢ = 0,05-
0,1 mr/n. OiHaKo B OTAMYKE OT MPEABIAYIIErO CIyvasi BOJIa IBHXKETCS 110 3aMKHYTOMY
UKy ¢ nobaBiaeHreM uib 10% cBexxelt BOIbI.

3. O0paboTka CTOYHBIX BOA. MexaHu3M BO3JCUCTBHS O30HA Ha 3arps3HCHUS
IMPUPOAHBIX U CTOYHBIX BOJ HIEHTHUYEH: 3TO - MOJIEKYJSIPHOE OKHMCIICHHE W araka
AKTUBHBIMM paJuKallaMd. B 3HauMTENbHONM CTENEHW MEXaHU3M OKHUCIICHUS
00yCJIOBJIEH AUMOJIBHOCTBIO MOJIEKYJIBI 030Ha, KOTOPasi PUKCHUPYETCs Ha 3apsSAKEHHBIX
YacTULIaX M pa3pblBacT JBOMHBIE CBA3M C OOpa30BaHUEM OKHUCIEHHBIX (HOpPM.
[TonsipHBIN XapakTep MOJIEKYJIbI MO3BOJIAET TAaK)KE MCIOJIb30BaTh O30H B IpoIiecce
KaTaJINTUYECKOTO OKucieHuss coBmectHo ¢ ALOs; , Fe,O; , yabTpa3ByKowM,
yIbTPapuOIECTOBBIM U3TYyUCHHEM.

CreneHb 3arpsA3HEHUs] CTOYHBIX BOJI YacTO XapaKTEpU3YIOT IMOKa3aTeIsIMU
“xumuueckoro mnoryomeHus kuciopoaa (XIIK)” u “Onomormueckoro morjiomeHus
kuciopona (BIIK)”, koTopble MOKa3bIBalOT KAKOE KOJUYECTBO KUCIOPOJa B MT HJET
Ha OKHCJICHHE NpUMeCE B 1 J1 BOJBL.

IIpy BBICOKMX KOHLIEHTPAUUAX 3arpsi3HUTENEH, NPUBOJAIIUX K 3HAYUTEIBHOMY
NOTPEOJICHUIO 030HA, JIJISl CHHXKEHMSI KOHLIEHTPAIUMHU YJAISIEMbIX BEIIECTB C TOMOIIBIO

030Ha, B HAYAJIO ITUKJIA (CM. PHC.4.) TTOCIIE adPallUK CTABUTCS CUCTEMa OMOJIOTHYECKOM
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OUMCTKH BOJBI C HCIIOJIb30BAHUEM MHUKPOOPTaHW3MOB: OaKTEpHil, MPOCTEHIIMX
YepBel, MIIECHEBBIX IPUOOB, Apoxked u Jp. B atom ciydae ecnu Ha Bxojae BIIK u

XTIIK ~1000, mocne aspotena ~500, mocie 6nodpuinstpa ~30-50, TO TIOCITE

brorornueckas 0YHCTKA CTOUHE X BOX C HCOONbH30BAHUEM 030HA

BXO0J

BH X0 ]
—

I 2

B03I.(yX_' e |_'I___

030H

Puc. 4

l -0TCTOlHTK; 2 -a3poTeH; J-bnodunntp;
4 - KOHTAKTHB i ammapar

o30HHUpoBaHMs ~5. Takum 00pa3oM, 030H HCHOJIB3YETCS HA BBIXOJE OYUCTHOM
CUCTEMBI JIJIs1 IOBEICHUSI BOJIbI 10 TPEOyeMOil KOHIULIUU.

4. MeauuuHckue TexHoJiorum. [IpumeHeHue o30Ha g NPOPUIAKTHKU U
JedyeHus 3a00eBaHMM OCHOBAaHO Ha LIMPOKOM CHEKTPE TEpaneBTUYECKOIO
BO3JCHCTBUS pa3IMYHBIX 103 O30Ha Ha opraHu3M. O30H JOEHCTBYET Kak
MMMYHOMO1yJIUPYIOLIEE, IPOTUBOBOCHAIUTENBHOE, OaKTepuIUAHOE,
MPOTUBOBUPYCHOE, ¢yHrULMIHOE, LUTOCTaTUYECKOE, aHTHCTPECCOBOE,
aHaJITe3UPYIOLLEee CPEICTBO.

O3zoHoTepanust 3()(PEKTUBHO HCHOIB3YETCS B CICAYIOIUX Ciydasx: OOJe3HU
BEPXHUX JbIXaTEIbHBIX MyTeW U JerouyHsle 3a0osieBaHusl, WHPEKIIMOHHbIE OOJE3HU
(17 MHAKTHBAIlMM BUPYCOB, OaKTEpHil, J€UEHUs TeNaTUTOB), B XUPYPruu (S3BBI,
MPOJICKHHU, CBHUILM, TaHTPEHbI, OXKOTHM), B KOXHO-BEHEPOJIOTMYECKON MpaKTUKE
(3K3eMbl, JepMaTUThI), B OHKOJOTHH, B (QU3MOTEpANUUd U KypOPTOJIOTHUH,
3yO0OBpaueOHOM NMpakTUKE, a TaKKe B TMTMEHE U CaHuTapuu. Bo MHOrHX ciydasx
TeparneBTUYECKOE BO3AECHCTBHE 030HA OCHOBAHO Ha 00JIee JIETKOM €ro IPOHUKHOBEHUU
B OOJIbHBIE KIJIETKHU, YEM B 3/IOPOBBIE.

O30H mpuMeHseTCsl KaK MPU HU3KUX KOHLEHTpauusax B rase (Ha yposae I1/1K),

HarmpuMmcep, py JCUCHUH JICTKUX 1M BEPXHUX AbIXATCIIbHBIX HYTeﬁ, TaK " IIPHU BBICOKHX
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KOHIIEHTpPAIUIX, HAPUMED, SISl pACTBOPEHUS 030HA B (PU3MOIOIMUYECKOM PACTBOPE U
B JAUCTWUIMPOBAHHOW BOJIE, WJIM NPHU OCYIIECTBICHUU OOpPaOOTKH O30HOM KpPOBHU
OOJBHBIX (ayTOreMOTEpaIus).

JIns crepunn3allii MEAULMHCKOTO MHCTPYMEHTA TAKXKE MPUMEHSETCS BOJA C
PaCTBOPEHHBIM B HEW O30HOM.

B MeaunuHCKUX YCTaHOBKAaX MMEET Ba)KHOE 3HAYEHHE BBICOKAsi KOHIICHTpAI[Us
030Ha B Ia3e I YCKOPEHHUs MPOLECcca HACBIIEHUS KUIKOCTH. B KauecTBe CMeCHUTEIS
HCIIONB3YyeTCs OapOoTaxHas KaMmepa.

5. O4ucTKa OTXOAAIMX ra3oB. Bo3ayniHbie BEIOPOCH HE CTOIb Pa3HOOOPA3HBI
[0 COCTaBY KakK CTOYHbIE BOJbl. OHM COJEpIKAT MOYTU BCEr/a OKUCh a30Ta U CEPBHL,
CEPOBOJIOPO/, JIETYUyI0 OpraHuky. B psane ciaydaeB HaOmogaroTcs BeIOpoOCH! (ropa,
OKHCH BaHAJUs U CHHWIbHOUN KHUCIIOTHI.

B cBd3M ¢ TeM, YTO O30H pearupyer B JKUIKOW cpelie ropas3io ObICTpee, 4eM B
ra3oBOil M, KpOME TOr0, B 3TOM ClIy4ae Jierue ynpaBiATh MPOLECCOM OKHCIECHHUS, TO
MPAKTUYECKU BCETJa OYMCTKY BO3IYIIHBIX BBIOPOCOB MPOM3BOAST MPOMYCKaHUEM
MOCJEAHUX Yepe3 CHelUaIbHbIe MOTJIOTUTEIbHBIE PACTBOPHI, UCHONB3YS JIA ITOU
L€V TTOTJIOTUTENIbHBIE KOJIOHHBI WIIM IPYTHE aHAJIOTUYHBIE YCTPOUCTRA.

6. IlpuMeneHue 030Ha B cejbckoM Xxo3siicTBe. [llupokue criektp obGnacteit
MPUMEHEHUSI 030HAa B CEJILCKOM XO3SHCTBE: PACTEHUEBOJCTBO, >XMBOTHOBOJCTBO,
pPHIOOBOACTBO, KOPMOIIPOU3BOJACTBO U XpaHEHUE TPOIYKTOB, OOYCIIABIMBACT
MHOKE€CTBO O30HHBIX TEXHOJIOTHUH, KOTOpPHIC YCJIOBHO MOYHO pa3/euTh Ha JBa
OonpIx HampabiieHus. [lepBoe MMeeT 1enbl0 CTUMYIUPOBATh KU3HEACATEIIHHOCTD
AKUBBIX OpraHnu3MoB. C 3TOU LIENIbI0 TPUMEHSIIOTCSI KOHIIEHTPAllMK O030HA HA YPOBHE
ITJIK, HanmpuMep caHalusi MOMEIICHUH ¢ )KUBOTHBIMHU U PACTCHUSIMU JIJIS1 YTyUIlICHUS
koMpopTHOCTH uX TpeObBaHUsA. BTOpoe HampaBieHHE CBS3aHO C IMOJABJICHHEM
KUZHEACATECTLHOCTH BPEAHBIX OpPraHW3MOB WJIM C YCTPAHCHHEM BPEIHBIX
3arpsi3HEHU U3 OKpykatouei atMocdepsl U Tuapocdepsl. KoHleHTpauu 030Ha B
3TOM ciy4ae HaMHOro npesbimaroT 3HadeHus [IJIK. K Takum TeXHOJIOrusam OTHOCSTCA
ne3uH@eKurs Tapbl M TOMEIIEHUH, OYUCTKA Ta30BbIX BBIOPOCOB mTHUIEhEPM,

CBMHAPHUKOB, O6€3Bpe)KI/IBaHI/Ie CTOYHBIX BOJ CEIbCKOXO03SMCTBEHHBIX HpeI[HpI/IHTI/Iﬁ
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U T.1I.

N3 xpatkoro o030pa 030HHBIX TEXHOJOTHM BUIHO, UTO B OOJIBIIMHCTBE CIy4acB
BXXHO HE TOJIbKO TMOJyYe€HHE O30Ha, HO U obecrnedyeHue ero 3GHEKTUBHOTO
TEXHOJOTUYECKOTO UCIOIb30BaHus. MIHbIMU clioBamu, rio0aibHas 3aja4a O30HHBIX
TEXHOJIOTHI pa30uBaeTcs Ha JIBE:

- CHHTE3 030Ha - MOJIy4YeHUE 030HO-BO3TYIIHON (KUCITOPOAHON) CMECH;

- pactBOopeHue (abcopOIusi) 030Ha B BOJI€ U3 Ta30BOM (ha3bl.

Cunte3 o30Ha. )i MOMydYeHUsS O30HA HCIOJB3YIOTCS XUMHUYECKUH METONI U
AJIEKTPOCHUHTE3 030HA B IJIa3Me ra3oBoro paspsga. Haubosbiee pacnpocTpaHeHue
MOJIYYUIIM O30HATOpPhl Ha OapbepHOM pazpsae. B TexHonorusix, rae Tpedyercs
HeOoJIbIIasi MPOU3BOJUTEIBHOCTh MPU BBICOKMX KOHIIEHTPAIMSIX O30Ha B 030HO-
BO3JIYIIIHOW CMECH, BCE 0OJiee MMPOKOE MPUMEHEHUE HAXOIAT F€HEPaTOphbl 030HA C
MOBEPXHOCTHBIM pa3psije. B Takux o30HaTOpax paspsj co34aeTcs BAOIb IOBEPXHOCTU
TUDJICKTPUKA, BBIMOJIHEHHOTO B BHJE IUICHKH, MO OJIHY CTOPOHY KOTOpOMl Ha
MMOBEPXHOCTh HAHECEH KOPOHUPYIOIIUHA 3JIEKTPOMA, a MO APYTYIO0 - WHIYKIIMOHHBIHA
aeKTpoA (cM.pHuc.5.).

MounekyJibl KUCI0pOoa, MOABEPrasich BO3ACHCTBUIO 3JIEKTPOHOB B 30HE pa3psla,
JUCCOLIMMPYIOT HA aTOMbI. 3aTe€M aTOM KHUCJIOPOJa, OOBEAMHSSCH C MOJEKYJIOU
KHCIIOpOJa, 00pa3yeT MoJieKyTy 030Ha. OJJHAKO Ha CHHTE3 030HA PACXOAYETCS TOIBKO
20% sHeprum 3JIEKTPUUYECKOrO paspsiia, a OCTaJbHAs BBIJCISICTCA B BUJIE TEIJIA U
CBETOBOTO H3IyYCHHUS, MPUBOAAIINX K YBEIUUCHHUIO TEMIIEpaTyphl B 30HE CHHTE3a

O30Ha H, CJICI0BAaTCIbHO,
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CxeMe reHeparTopa 030HAa C HOBEPXHOCTHB M Pa3zpaioM

BO3IYX BO3AYX t 030H
-_— >
- - - - @
B H
Puc. S

YCKOPSAIOIIUX TMPOLECC pa3fioKeHusi oOpaszyroierocsi o3oHa. B cBa3u ¢ atum 1ist
YBEIUYECHHS] BbIXOJa O30Ha HEOOXOJMMO OCYIIECTBISATH OTBOJ BBIICISIONMIETOCS
Tera.

B 030HaTOpax ¢ mOBEpXHOCTHBIM Pa3psiIoM OOJIErYeHbI YCIOBUSI JIs1 OTBOIA TEIlia
M0 CPaBHEHUIO C OapbePHBIMU 030HATOPAMU, Y KOTOPBIX pa3psij pa3BUBACTCS Yepes
ra3oBblid 3a30p MNEPHEHAUKYJISIPHO TMOBEPXHOCTH JUAJIEKTPUUECKOTO Oapbepa U
TEIUIOOTBOJ, M3 Ta30BOro 3a3opa 3arpydHedH. Kpome Toro, mjisi AaHHOrO THIIA
030HATOPOB BO3MOXXHO MPUMEHEHUE B KauyeCTBE JUAJICKTPUKA KEPAMUYECKOTO
Marepuaiia, 00JaJarolero BbICOKOW TEIJIONPOBOAHOCTBIO U CTOMKOCTBIO K
BO3JCHUCTBUIO IUUIA3Mbl Ia30BOr0 paspsana. Bce 3TO MO3BOJWIO NOAHATH YACTOTY
MUTAIOIIETO HANPSIKEHUS B IECATh pa3 U, CIEI0BATEIbHO, YBEIIMUUTh BHIXOJ 030HA.

Konuenrtpanusa cHHTE3UPYEMOro0 O0O30HA 3aBUCUT OT AKTUBHOM MOIIHOCTHU-P,
BKJIQJIBIBAEMOM B Ta30BbIA pa3psl, M OT pacxoja rasa-vVr, OpoXOISIIEro yepes
reseparop o30Ha. OTHOIIEHUE aKTUBHOW MOIIIHOCTH K pacXojly ra3a 4epe3 030HaTop

Ha3bIBaeTCSA (PAKTOPOM YIACIbHOW DHEPTUU:
3aBHCHUMOCTD KOHIICHTPAI[MK 030HA OT (aKTOpa yAEIbHOM SHEPIUU MPUBEICHA Ha

puC.6 MPU Pa3TUUHBIX PACX0JaX OCYIIEHHOTO BO3AyXa Yepe3 030HATOpP.
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JaBHCUMOCTD KOHUEGHTPANUHN 030HA 0T GakTopa yAenbHOH 3HEpTHH

Mrin 4+ C,

3 />,/
CL //////
/4

0 15 50 75 100 125 150 Bt wMun/n

Puc. 6

Pacxom ocymenHOTo BO3AyXa uepe3 TeHEPATOp 030HA:
1 -0,5 n/mun; 2-1,0n/wun; 3-2,00/mun

3HaueHHE aKTUBHOW MOIITHOCTHU, BBIICJISIEMON B T€HEPATOPE 030HA, PACCUUTHIBACTCS
o hopmyie:
P=4f[ U, (U,-U;)Cs-U% Cy] (2)
rae U, - aMmimuTya NEepeMEHHOro HampspDKeHUs 4acToTor f , MPUIIOKEHHOTO K
reHeparopy 030Ha; Uy - HanpshKeHUE BO3HUKHOBEHUS Ta30BOT0 paspsiaa; Cs - EMKOCTb
TUAIeKTpudeckoro 6aprepa; C, - eMKOCTh Pa3psIHOTO MTPOMEKYTKA.
[TpousBoauTensHOCTh 030HaTOpa G MOKa3bIBaeT ] Kakoe KOJUYECTBO O30HA B
rpaMMmax IPOM3BOAUTCS B €OWHHULY BpemeHu. M3 ompeneneHus clienyer, 4To
MIPOM3BOJUTEIILHOCTh PaBHA MPOU3BEACHUIO KOHIIEHTPAIIMM O30HA B ra3e Ha pacxo/l
rasza 4epe3 030HaTop:
G=c¢V: 3)
B nacrosiei pabote Ha epBOM dTare UCCIICTYIOTCS 3aBUCUMOCTH KOHIIEHTpaIUU
030Ha YW NPOU3BOAUTEIBLHOCTH O30HATOPAa OT MPUKIIAABIBAEMOTO HANPSDKEHUS IPU
pPa3HbIX pacxoJax rasa.

Ha BTopom »Tanme pa®oThl HEOOXOIMMO MPOCIEIUTh TUHAMUKY pPacCTBOPEHUS
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030HAa B BOJIE U B3aUMOJICUCTBUSA €r0 C 3arpsA3HAIOIINMU IPUMECSIMU B BOJIE

PacrBopenne o3ona. Hanbonee momHoe pacTBopeHue razoo0pa3HOro O30HA B
BOJIC, MOJIJICKAIIEH OYMCTKE WM 00e33apaXUBAHUIO, SIBISICTCS OAHON M3 OCHOBHBIX
3a/lay TeXHUKU O30HMPOBAHHUA, TaK KaK Yallleé BCEro TOJbKO B PACTBOPEHHOU (hopme
030H crHocoOeH BO3/ACHCTBOBAaTH Ha 3arpsi3HeHHs. [Iporecc cMemmBaHUS 030HO-
BO3IYIIHOM CMeCHM C BOJOM i ee o0e33apaXkuBaHus ObUT TMOJBEPTHYT
BCECTOPOHHEMY M3YyUeHHIO enle B 60-x rogax. OIHAKO U 10 HACTOSAILEE BPEMS YETKUX
YHUBEPCAIbHBIX PEKOMEHJAIMN O METO/Ie CMEIIMBaHUs He npenoxeHo. Hanbonee
pacnpoCcTpaHEHHBIMU CIIOCOOAMU Ha CErOJHSIIHUN JI€Hb SIBISIOTCS: MEXaHUYECKOE
nepeMeluBanue, Oapoorax, »kekuus. [lpenmnouyrenue ToMy WIM HHOMY CIOCOOY
JUCIEPTUPOBAHUS 030HA B BOJY OOOCHOBBIBAETCS B Ka)KIOM KOHKPETHOM Cllydae
SKOHOMHUYECKMMH pacyeTamMH, a TAKKE 3aBUCUT OT IPEAHA3HAYEHUS O30HUPOBAHMSL.
Hampumep, 11 conedcTBUg TMpolieccaM  KoaryJsiuu  (IPeo30HMPOBAHUE) WIIA
Ne3UH(EKUNUN BOJbI TPEOYIOTCS pa3HblEe CTENEHU TUCIEPCHOCTU rasa, J103a 030Ha U
MPOJIOJDKATELHOCTh KOHTAKTa C BOJIOM, UTO W OMpeNeNsieT BbIOOp TOW WU WHOU
CUCTeMBbl nucreprupoBanus. HecMoTps Ha 3TO MOXHO ONpPENEIUTh OCHOBHBIE
TpebOBaHMsI, MPEBIBISIEMBIE K MTPoIlecCy aOCOpOIMU 030HA U3 Ta3a B KUIKOCTh. Bo-
MEPBbIX, HEOOX0AMMa MaKCUMalIbHas MIOBEPXHOCTH pa3jiesa MEX Ay ra30BOM U KU IKOM
(dazamu, TO €cTh I0OJKHA ObITh MaKCUMaJIbHASI TOBEPXHOCTh My3bIpbKOB. BO-BTOPBIX,
BpeMs MpeObIBaHUS My3bIPbKa B BOJAE JOJDKHO OBITh JIOCTATOYHBIM 1Jisi auddy3un
030Ha U3 rasa B >KUJIKOCTb. HekoTopble KOHCTPYKLIMHM KOHTAKTHBIX amnmnapaTroB
MPUBEJCHBI HA pUC.7.

HaunGomnee pacipocTpaHeHHOE YCTPOMCTBO )1 CMEITUBAaHUS TTOKa3aHO Ha puc.7,a.
B HeM 030HO0-BO3/ylIHAsI CMECH MOCTYNAET YEpe3 MOPUCTYIO TUIACTHHY B KOJIOHHY C
oOpabaTteiBaeMOi BoAOM. Boga momaercss B KOJOHHY CBEpXy M JIBHIKETCS
MPOTUBOTOKOM JBMKEHUIO Ta30BbIX MY3bIPHKOB, YBEIMUMBAs TAKUM 00pa30oM BpeMms
KOHTakTa. Bosa, HachlllleHHAas: 030HOM MOCTYIIAET B KAMEPY, PACHIOJIOAKEHHYIO PSIAOM
c 0apOoTaXkHOUW KOJOHHOM, T/I€ BBIIEPKUBACTCS HEOOXOIMMOE Il ee 00paboTku
BpeMs. Bo3yx ¢ HempopearnpoBaBIIMM O30HOM HAaKaIlJIMBAETCS B BEPXHEW 4YaCTH

anmapara ¥ 4epe3 passIoKUTelIb 030Ha BhIOpackiBaeTcs B atMocdepy. bapboTaxubie
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KaMmepbl i1 YBEJIMYEHHS BPEMEHU KOHTAaKTa O30HAa C BOAOW CHa0XaroTcs
IpaHyJIMPOBaHHBIM cjioeM (puc 0), nuadparMUpOBaHHBIMU Tapeakamu (pUc. 7,B), WIH
MEXaHUYECKUMU CMECUTEISIMU TypOWHHOTO THITA, 3aBUXPSIONIMMHU BOTY C Ta30BBIMH
My3bIpbKaMU B KOHTAKTHOM KOJIOHHE (PHUC.7,T). DKEKIIMOHHBIA CMECUTEINb [TOKa3aH Ha
puc. 7,11, COCTOSIIAN U3 HATHETAIOWIETO BOJY Hacoca 1, 35keKkTopa 2, B KOTOPOM 3a CUET
pa3psKEHUs, CO3[aBAEMOr0 B CYXKAIOIIEMCS CEYEHUM NKEKTOPA, MPOUCXOIUT
3acachlBaHHE O030HO-BO3AYLIHOM cMecH B BOAY M JpOOJICHHE ra3a Ha MeEJIKHUE
My3bIPbKH, 3MEEBUKA 3, 00ECIEUNBAIOIIET0 HEOOXOAMMOE BpEeMsI 11l KOHTAKTa rasa ¢
BOJIOM M BO31yXOOTIENUTENS 4.

Kaxnoe u3 »THX yCTpOHCTB MMEET CBOM NpeuMyIllecTBa W Hepoctatku. [Ipu
MEXaHMYECKOM MEepEMEIINBAHIH HATMUNE IBIKYIIUXCS YacTel B arpeCCUBHOM Ccpeie
CHUKACT HAJCKHOCTh YCTAaHOBKH. bap0OoTax, mpu ero MakCUMajbHOW MpOCTOTE,
ABJISIETCSI CaMbIM HEA(()EKTUBHBIM M JUIMTEIbHBIM. DKEKTOPbI (CTPYHHBIE HACOCHI)
HCTIOJIE3YIOTCS TOJIBKO B MMPOTOYHBIX BapUaHTaX YCTAaHOBOK, KaK MPaBUII0, HEOOIBIIION

IIPOU3BOAUTCIIBHOCTH.
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BO3OYXT
t030H

KontakTHun ¢ dImmaparth

BO3AYXT
+030H BOSAYX BO3AYX
BOJ2 BOJA
)
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Bond 0YnI .
BOJA
> —>

L_f BO3AYXT

— +030H

0
a) ) BO3JYX*t
BO3AYX BO3AYX TO30H
T BOJ2
BOJ2
& Fan I 2
3
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—— TBOMYX
0YnI .
BOJA = BO L1 4
+— f—

—

ogHi. IBozﬂyx+ ‘
Bona +030H 0UHIL .

B) r) 1)

Puc. 7

BOZA

a) 6apOoTaxmad KONOHHA ¢ mopucTod muactuuodt (uddysopom), 0)

KOTOHHA C TPAHYTHPOBAHHB M CI0EM, B) KONOHHA ¢ TaperlkaMmiu,

KOTOHHA C MeXaHMHYECCKHM CMECHTENeM TYpOUHHOTO THT A,
1)anmapar ¢ 39K eKTOPOM H 3MEEBH M PEakTOpOM;
[ -Hacoc,2 -3xkekTop,d -3MeeBuk, 4 -BO3AYXOOTACOUTEND
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B npennaraemoii pabore paccMmarpuBaeTcsi 0apOoTax kak HauboJsiee MPOCTOM U
pacmipoCTpaHEHHBIN METO]] pean3allii KOHTaKTa 030Ha U BOJIBI.

B mporiecce BCIUIBITHS My3bIpbKa MPOUCXOIUT IMTPOHUKHOBEHUE 030HA Yepe3 ero
MOBEPXHOCTh B BOAY. YpaBHEHHE MAacCOMepeHoca il OJWHOYHOTO ITy3bIphKa
BBITJISIAUT CIEAYIOMIMM 00pa3oMm:

Gny3 =k' Fy (Cr - CB) t, 4)
1€ Gpy; - KOJIMYECTBO 030HA, TIEPEIIE/IIEro U3 ITy3bipbKka B BoAy; k = 0,012 11/(m*c) -
ko3 umeHT macconepenaun; F, - TUIOmMams MOBEPXHOCTH Iy3BIPbKa; Cr U Cy -
KOHIISHTpAITUs 030HA B Ta3e U BOJIE; t- BpeMs Mepexo/ia 030Ha M3 BO3AyXa ITy3bIpbKa B
BOJY.

Bpems nepexojia 030Ha U3 ra3a B BOY ONPEILIISICTCS M0 TPYNIIOBON CKOPOCTH

BCILJIBITHA HYSBIpeﬁI

eo(p, P, )
.l

V=k-4 (5)

rne k = 1,4; ¢ = 9,8 m/c® - yckopenue cBobomnoro nagenus; ¢ = 0,065 u/M -
K02 PUILMEHT TTIOBEPXHOCTHOTO HATHKEHUS; Py = 1000 Kr/M> - IIIOTHOCTH KUIKOCTH;
pr = 1,2 xr/M> - IIOTHOCTE Ta3a.

Pemenne ypaBHEHUST MaccollepeHoca JIOBOJBHO TPOMO3JKO, TaK KaK BCE
KOMITOHEHTHI ypaBHEHUS (4) SABISAIOTCS QYHKIIMSIMHA MHOTHX TIEpeMeHHBIX. Harmpumep,
MJIOMIAh My3bIpbka Fy 3aBUCHT OT pacxoga ra3a, OT KOHPUTYypaluu U pa3MepoB
O0apOOTaXXKHOW Kamephl, MaBiieHUs W T.1. [I03TOMy Ha MpakTHKE dYalle IMOJIb3YHOTCS
JIBYMSI OUY€Hb MPOCTHIMUA COOTHOIICHUSIMHU:

ypaBHEHUEM pacTpe/ie]ICHUs] KOHIIEHTPAIMil B Ta3e U )KUJIKOCTU
Cs= RiCr , (6)
rae R, - koapduruent pacnpenenenus;
Y 3aKOHOM | eHnpu
p=Kx (7)

rac p - AaBJICHUC B BKCHepI/IMeHTaﬂbHOﬁ KaMeEpe,; K - mocrostnHas FerI/I, X - MOJIbHas1
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710J11 030Ha, PACTBOPEHHOTO B BO/IE.

Boipaxkenust (6) u (7) cmpaBeUIMBBI TOJBKO JJII PABHOBECHBIX COCTOSHUM
pacTBOpOB, a BbipaxkeHue (7) COOTBETCTBYET COCTOSIHUIO MJICAJIbBHOTO pacTBopa (T.€.
COCTOSIHUIO TIOJTHOTO NIepeMelInBanus). 3HaueHus kodppuiuenToB R mpencrapieHsl
Ha puc.8.

Hcnonp3oBanue kodduimenTta pacrpenenacHus 6onee QU3NUECKH BEPHO, YeM
npyUMeHEeHHUe 3aKoHa ['eHpH, Tak KaKk OH YYUTHIBACT, UTO MEXaHU3M a0CcOpOLIMU 030HA
13 PacTBOpa MPOUCXOIUT B YUCTHI KOMIIOHEHT, B TO BpeMs Kak 3aKoH | eHpu mMeer
JIEJIO C paCTBOPEHUEM OJIHOT'O YUCTOTO KOMIIOHEHTA B JIPYTOM.

Opnnako, kak BUAHO H3 puc.8 koddduiment R, sBruserca ¢yHKUIMEH TOIBKO
TeMriepaTypbl T, HUKaKUM 00pa3oM He oOTpaxas napyrux ¢dakTopoB. B ciydae
MEPEMEHHOTO0 JaBJIeHUs ya00Hee UCIoib3oBaTh 3aK0oH ['enpu. [loctosunas ['enpu K,
Kak U Ko3QUIMeHT pacupeaesenus Ry, sBiasercs pyHKIKUeH TeMiepaTyphl.

JagucuMocCTh KOO QUUMEHTA pacHpeJeneHus 0T TEMOEpPaTyphl

R

0,6

0,4 +

Puc. §.

N3mepennsi KOHIICHTpAIMM 030HA TPOBOASTCS (HOTOMETPUYECKUM METOJIOM,

OCHOBAaHHOM Ha MCITOJIb30BaHUU 3akoHa byrepa-JlambepTa-bapa:
[=1 exp(- ki ¢ d), (®)

rac Io - HWHTCHCHBHOCTb M3JIYUCHHA OO0 KIOBCTEI; I - uHTEHCHBHOCTHL mOCHE
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IPOXOXK/IEHUS KIOBETBI; C - KOHLEHTpallUs BELECTBa B cpefe; d - JIMHa KroBeThl; ki -
ONTUYECKAs IOCTOSTHHASL.

[To ocnabieHunio CBETOBOTO CHTHajda MOXKHO CYJIUTh O KOHIICHTpPAIlMU O30HA B
030HO-BO3/1yIIIHOM CMECH WJIM B JKUIKOU cpejie.

[IpyHIMD ~ AEUCTBHS ~ KOJOpPUMETpPA, B  HAIlEM  ClIydyae  H3MEpUTENs
CBETONOIJIOLIEHNS, OCHOBaH Ha CPAaBHEHHUH CBETOBOTO oToka d,, mpouieamniero yepes
KOHTPOJIbHBII pacTBOp, IO OTHOLIEHUIO K KOTOPOMY IPOU3BOJIUTCS U3MEPEHHE, U
cBeToBOro noroka @, mpomurenmrero yepes uccienyeMmyro cpeny. Ceerossie moToku @,
u @ poronpueMHUKOM IPeoOpPa3yIOTCs B SJIEKTPUUECKUN CUTHAT A M BBIIAIOTCS Ha
CTPEJIOYHBIA U3MEPUTENBHBIN TPUOOP.

Koaddunment npomyckanusi (t) HCCIEAYEeMOro pacTBopa OIpENesseTcs Kak

OTHOIICHHC ITOTOKOB UJIKM CUT'HAJIOB

N 0
rae A, - CUTHaJI MPU HEOCBEIICHHOM (hOTONpUEMHHUKE (TEMHOBOM TOK). B Harmem
ciayyae A =0 .
OmnrTuueckas NJI0THOCTD
1 A»—A
D=lg-=lg A_A: (10)

W3meHeHue onTuyecKkor TUIOTHOCTH 3arpsi3HEHHOM BOBI B Mpoliecce 00paboTKu

€€ 030HOM HCCIeyeTcs B TaHHOM paboTe.

Onuncanue yCTaHOBKH

JlaGopaToOpHBIil CTEH]] COCTOUT U3 CIAEAYIONIUX OCHOBHBIX y3JI0B (puc. 9):

- MUKpOKOMTIIpeccop 1, HOMMHAIIBHBIN pacxoj BO3ayXa - 5 J1/MUH, MaKCUMaIbHOE
nasienue 1,5 aTu;

- 010K ocymiku Bo3ayxa 2. [IpuHIuNm ocymuTensi OCHOBAH Ha aJiIcOpOLUU MOJIEKYJT
BOJIbI HA TIOBEPXHOCTH TPaHyJI COPOCHTA, KOTOPHIM B PabOTeE SBIISIETCS CUITUKATEITh;

- U3MEPUTEIb pacxojia raza (porametp) 3;
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- reHepaTop 030Ha 4 C MOBEPXHOCTHBIM Pa3psAoM. DJIEKTPOCUHTE3 030HA

IMPOUCXOIUT B IINIA3MC ITOBCPXHOCTHOTO pa3psaa. Ha HHHCBOﬁ IMaHCJIN YCTAHOBKH

HaxoJATCA TyMOJIEp BKIIFOUEHHMSI, PyUKH PETYJIUPOBKH PEXUMa pabOThHI 030HATOPA

“I'py60”, “Il1aBHO” ¥ CTPEIOYHBIN TPUOOP, TOKA3BIBAIOIINI 3HAUCHUS

HANPsHKECHHUM, TOJABAEMBIX HA T€HEPATOP O30HA;

Cxema naGopaTopHO# yCTaHOBKT

Puc.9.

-MHKDPOKOMOpECCOD
-0CYymHUTENb BO3AYXaA
-pOTAMETD
-TEHEPATOpP 030HA

MYTaTOpP
GapRoAna Kavepa 7,

S~ LI o —

bEM KaMEphI 5 ;’2513

CIHB BOJBH

7-06apborakuas kamepa
§

-pacmB OHTEND
- KONOpHMET]
- H3MEpPHTENb KOHNEHTpALUH

Ha B KUJIKOCTH
o 1 $CHOBHBIE MITyIIEpa KAMEPBI: -

9
10

noznaua oMbt CabkGmures Ha Bepxueii uactu Cred A4 HMEET E e tuny 0 IPOGKY);

- IITyIEp TO/Ia4u 030HA B TA30BbIN PACIBUIUTEND §; - MITYIEP Ta30cOpoca; - BEHTUIIb

CJIMBa BOJBI,

- paznoxuTenb 030Ha 12. [IpenoTBparniaet BBIOpoC 030Ha B aTMOChEPY;

- I3MEPUTENA KOHIICHTPAIIMX 030Ha B Ta30Boi 6 u xunakon 10 dazax;
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- U3MEPUTENb CBETONOIIIONICHUS B BOZIE (KOJIOpPUMETP) 9;

- KOMMYTaTop 3.

Crenng  ¢(yHKUMOHHpYET ClenyrommM o0pa3oM: BO3IyX, HarHeTaeMbId
MHUKPOKOMIIpECCOpPOM 1, yepe3 610K oCyIIKU 2 MOCTYNAaeT B FT€HEPaTop 030Ha 4, I1ie B
1a3Me MOBEPXHOCTHOTO pa3psa MPOUCXOAUT CUHTE3 030HA. Pacxon ra3oBoit (a3sl
KOHTPOJIMPYETCA pOTaMeTpoM 3, a KOHIEHTpalusi 030Ha - u3meputeneM 6. [lanee B
0apOoTaxHON Kamepe 7 MPOUCXOJUT PACTBOPEHHUE 030HA B BOJIE, HEMCIIOJIb30BaHHAs
4acTh KOTOPOTO 4yepe3 razocOpoc u paszioxurensb 12 BeiOpackiBaeTcsi B atMochepy.
[Tocne HachllleHUsT BOJbI OHA Yepe3 MITYLEP CIMBA 3aNOJHSIET KIOBETY KOJIOPUMETpPa
9 nng u3aMepeHust npo3payHoCcTH BoAbl. [Ipu HEOOXOIMMOCTH U3MEPSATh OCTATOYHBIN
O030H B BOJI¢ TOCJIEIOBATEIIbHO KOJOPUMETPY TMOACOSANHSIECTCS HW3MEPHUTEINh

KOHIICHTPAIMX 030Ha B )KUaAKocTH 10.

Heo6xo11mMo NOCTOSIHHO TIOMHUTB O TOM, UTO 030H - KpaiiHE SIZIOBUTOE U OMACHOE
BEIIIECTBO, U COOTIOJICHUE TEXHUKH O€30MaCHOCTH - OCHOBOIIOJIAratoIiuii (hakTop Beeit

pa6OTBI. HOBTOMV IOpu TIPOBCACHUHN I/I3M€DCHI/Iﬁ 3a1peIacTcs OTKPHIBATH HDO6KV

BXOJIHOTO narpyoka!

3aaHue Ha MpeABapUTENbHYIO MOATOTOBKY

1. PaccuuTarh KOHIEHTpAlUI0 O30HA HA BBIXOJE O30HATOpPa M IOCTPOUTH €€
3aBUCHUMOCTh OT HaIpPSIKEHUsI, MIPUIIOKEHHOr0 K o30HaTopy ( A0 5 kB ), mpu Tpex
pacxomax rasa: 0,5 n/muH, 1 1/MmuH 1 2 11/MUH .

Cuurarph, 4TO HaIpsHKEHHE BO3HUKHOBeHHs paspsaa U, = 2,1 kB, emkocts
nuanekTpudeckoro 6apbepa Cs = 320 nd, eMkocTh pazpsaHoro mpomexyTtka C, = 100
n®d, yactora nuTaromero HanpspkeHust 13 kI .

[Ipu pacuere HCHONIB30BATH 3aBUCHMOCTh KOHIEHTpAIMM 030Ha OT (akTopa
yIeabHOM 3Hepruu (puc.6.).

2. IlocTpouTh 3aBUCHMOCTh POU3BOJUTEIBHOCTA O30HATOPA OT MPUIIOKEHHOTO

HaNPsKCHUS OJI1 YKA3aHHBIX TPEX PACXOJ0B rasa. OHpeI[eJ'II/ITB ONTUMAJIbHBIN JJIA
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00paboTKH BOJIBI PEXKUM PabOTHI 030HATOpA MpH pacxoie raza V= 0,5 i1/mMuH.

3. Onpenenuts BpeMsi 6apOoTaka 030HO-BO3AYIIHONH CMeCH, HEOOXOIUMOe st
00paboTku Bogbl 00beMoM Vi = 1,5 11 ¢ 10301 030HA, pacTBOPEHHOTO B BojE, Do; =
0,5 mr/n. Ilpu pacdeTe IpUHATH BHICOTY BOASHOTO CTOJI0A B OapOoTakHoi Kamepe h,
= 0,37 M, TUaMeTp My3bIPHKOB MPHU UX BCIUIBITUN CYUTATh HEU3MEHHBIM U PaBHBIM d
= 3 mm. Pacxon Bo3myxa mpu 6apooTtaxe cocraBiseT V= 0,5 1/MHUH, a KOHIICHTPAITHAS
O30HA B ra3e HE MCHICTCS U paBHA 3HAYCHUIO, HAWEHHOMY B TIPEIBITYIIEM ITyHKTE.
Temneparypa oOpabateiBaemoil Boabl ty = +20°C, KOTOpOH COOTBETCTBYET

koadduiment pacrpenenenus R, = 0,22.

[Topsanok mpoBeIeHUS SKCIIEPUMEHTOB

1. Knonkoii “Bxi” nmojaTh HanpspKeHUE Ha J1aOOPATOPHBIA CTEHI.

2. BxitouuTh U1l IPOTPEBA U3MEPUTEIbHBIE TPUOOPHI.

3. IIpoBecT W3MEpPEHHsI BBIXOJHBIX XapPAaKTEPUCTHUK oO30HaTOpa. [lns aroro
HEOO0XOIUMO:

3.1. Tym0nep koMMyTaTOpa ra30BOr0 TPaKTa MEPEBECTH B TOJIOKEeHHE ‘1.

3.2. BKIIIOUUTh MUKPOKOMIIPECCOP U YCTAHOBUTH pacxo Bozayxa 0,511/MuH.

3.3. YcTaHOBUTH NEpPEKIIIOYATENb PETYJIMPOBKU HAMPSXKEHUS HAa TEHEPATOPE 030Ha
“I'py60” u “IInaBHO” B KpaiiHee JIEBOE MOJIOKEHUE.

3.4. Bxmtouuts TyMOaepom “Bki1.” reHepaTtop o30Ha.

3.5. YcTaHOBUTH HOJIb HA U3MEPUTEIIE O30HA.

3.6. Pyukamu peryauMpoBKM MU3MEHHTH HAIPSOKEHHUE, MMOJAaBAEMOE HAa TE€HEPATOP
030Ha.

3.7. Ilpu noMoIM U3MEPUTEIIS ONPEIETUTh KOHIEHTPALMIO 030HA B Tas3e.

3.8. ITynkTsi 3.2.-3.7. NOBTOPUTH AJI pacXoA0B Bo3Ayxa | JI/MUH U 2J1/MUH.

3.9. IlocTpouTh rpaduKy BHIXOJHBIX XapAKTEPUCTUK T'eHepaTopa o30Ha ¢ U G OT
HaIPSDKEHUS 1)1 TPEX PacXo0B rasa.

3.10. Mcxoas u3 MONYyYEHHBIX PE3YyJIbTaTOB, BHIOpPATh ONTHUMAaJIbHbIE 3HAYEHUS

IMOoAaBacMOI0o HAIIPsKCHUA U pacXxo/Jid ra3a.
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4. VI3yunth B3aMMOJICHCTBHE 030HA C 3arpsi3HAIONIMMH NpUMecsMu B Boje. Jlis
ATOr0 HEOOXOUMO:

4.1. Yoenurtbcs, 4TO reHEPATOP O30HA BBIKIIFOUYEH.

4.2. Tym061ep KoMMyTaTOpa ra30BOT0 TpaKTa MepeBecTy B mojioxkeHue “I17.

4.3. VYcTaHOBUTHh TMOKa3aHUS CTPEIOYHOTO  HW3MEPHUTENBHOTrO  mpubdopa
KoJopuMetpa B nosioxxenue “100” (A, =100 ).

4.4. [ToaroroBuTs 1,5 1 pacTBOpa 3arpsA3HEHHON BOJIBI U 3JIUTh €0 Yepe3 BXOTHON
natpyOok B 6apOoTaxHyro kamepy. [IlTOTHO 3aKpbITh MPOOKY 3AJIMBHOTO MAaTPyOKa.

4.5. OTKpBITH CIIMBHOW BEHTUJIb U YCTAaHOBUTH pacxos 0,05 s1/MuH.

4.6. Ilo crtpenouyHoMy mnpuOOPY KOJOpPUMETpA OINPEACIUTh 3HaueHus A,
COOTBETCTBYIOIIME HAYAJIbLHOMY CBETOBOMY MOTOKY D, MpoxoasilieMy Yepe3 pacTBOp
3arpsiI3HEHHOW BOJIBI.

4.7. BKJIIOYUTH TEHEpPATOp O030HAa W Ui BBIOPAHHBIX IMAPAMETPOB PaOOTHI
reHeparopa O30Ha MpoBecTH OapOoTaxk ra3za yepe3 Boay. OmuH pa3 B 1 MuH.
perucTpupoBaTh ~ IOKa3aHuss A CTpelo4YHOro  mpubopa  KOJOpPUMETpa,
COOTBETCTBYIOIIME CBETOBOMY MOTOKY D, MPOXOALIEr0 Yepe3 3arpsi3HEHHYIO BOAY.
OKCIEpUMEHT CUUTaTh 3aBEPLUIEHHBIM, €CJIM IMOKa3aHus A CTpeIoyHOro mnpubdopa
M3MEHWINCH HE Ooiiee, yeM Ha 5 % OT npeaplayero n3MepeHusl.

4.8. OTKJIIOYUATH TEHEPATOP 030HA U KOMIIPECCOP.

4.9. IlyukTtsl 4.4. - 4.8. OBTOPUTH IS pekuMa pabOTHI 030HATOpA C JiBa pas3a
MEHbIIEH TPOU3BOAUTEILHOCTBIO 110 O30HY.

5. I3y4uTh NpoLecc HACKIIIEHUS 030HOM BOJKL. JIJIs 5TOro HeoOX0IUMO:

5.1. IIpombITh 6apOOTAXKHYIO KAMEPY YHCTON BOJIOM.

5.2. Ilocne cnMBHOTO BEHTHUIIS MOACOECIUHUTD K BOASHON MarucTpaiu U3MepUTENb
KOHLIEHTpAl1 030HA B )KMJIKOCTH. [101COETMHNTD H3MEPUTEIIb K CETEBOMY IMUTAHUIO
Y BKJIIOUUTH MPUOOP JIs MPOrpeBa.

5.3. Y0enuThcs, 4TO T€HEPaTOp 030HA BHIKIIIOYEH.

5.4. IlpoBeputh, uTO TyMOJep KOMMYTaTOpa Ta30BOrO TPaKTa HAXOIUTCS B
nosioxkenuu “I117.

5.5.3anuts 1,5 1 BoAbI yepe3 BXOJHOM maTpyOok B OapOoTakHyto kamepy. [1noTHO
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3aKpbITh MPOOKY BXOJHOTO MaTpyoKa.

5.6. OTKpBITH CTUBHON BEHTUJIb U YCTAHOBUTH pacxoi Bobl 0,05 n/MuH.

5.7. YCcTaHOBUTH MOKa3aHUS U3MEPUTEN KOHLEHTPALlMM O30HA B JKUJIKOCTH B
nosioxkenue “0”.

5.8. BkirounTh reHepaTop O30Ha M JJIs BBIOPAHHBIX NApaMeTPOB padOTHI
reHepaTopa O30Ha MpOBeCTH OapOoTaxk rasa uepe3 Boxy. OmuH pa3 B 1 MuH.
IPOU3BOJNUTH W3MEPEHHsI KOHILIEHTpAalMW O30Ha B BOJE. OKCIIEPUMEHT CUHUTAThH
3aBEPILICHHBIM, €CJIH KOHIIEHTpalus 030Ha M3MEHWIHCh He Oosiee yeM Ha 5 % 1o
OTHOLIEHUIO K MPEBIIYIIEMY U3MEPEHHUIO.

5.9. OTKIIIOYUTh TeHEPATOP 030HA U KOMITPECCOP.

6. OTKIIFOUUTH TEHEPATOP 030HA, MUKPOKOMIIPECCOP, U3MEPUTETbHBIE MPUOOPHI.

O6paboTKa HKCTIEPUMEHTATBLHBIX TaHHBIX

1. TloctpouTh 3aBUCUMOCTH KOd(pPUITMEHTA MPOIYCKaHUS CBETa OT BPEMEHHU
00pabOTKM 3arpsi3HEHHOM BOJIbI O30HO-BO3YIIHOW cMechio. Crenarh BBIBOJABI IO
pe3yibTaTam dKCIIEPUMEHTA.

2", TIOCTPOMTH 3aBUCHMOCTb KOHLIEHTPALMM O030Ha B BOJAE OT BPEMEHH
06apOoTHpOBaHUs O030HO-BO3AYIIHON cMmecu. Chematb BBIBOA MO pe3yjbTaTaM
HKCIIEPUMEHTA.

3*. Tlo ypasuenusm (6) u (7) ompenenuts KodQQPHUIMEHT pacnpejeleHus |
noctossHHyt0 ['eHpu. CpaBHUTH TOMYyYEHHBIH KOIPGUIIMEHT paclpeneseHus: co
3HAYCHUSMHU, IPUBEACHHBIMUA HA PUC.8, ONPEIETUTh a0COIIOTHYIO U OTHOCUTEIILHYIO
MTOTPENTHOCTb.

4. Cnenarp 001IHE BBIBOIBI.

KoHTpoJibHbIE BOIPOCHI

1. Kakue cuiabHbIe OKHMCIUTENU Bbl 3HaeTe? O0nacTh NpUMEHEHHs, HEJIOCTATKH.

2. Kakme cBoiicTBa 030HA IEPBOHAYAIIBHO HCIIOJb30BAJIMCh IIPpU IIOATOTOBKC
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MMATHEBOU BOKI?

3. VI3 kakuX OCHOBHBIX 3TAllOB COCTOUT HNOJTOTOBKA MUTHEBOW BOJIBI?

4. B dyem mnpeumyliecTBa KOMOMHMPOBAHHOM OYHUCTKH ‘‘O30HMpPOBaHHUE-
(dbunpTpanys Ha aKTUBUPOBAHHBIX YTJIAX 7

5. Uem oTiMYaeTcs TEXHOJIOTUSI OYUCTKU CTOYHBIX BOJ OT MOATOTOBKU MUTHEBOM
BOJIBI?

6. OcOOEHHOCTH TPUMEHEHUS 030HA B 3/IPAaBOOXPAHECHHH.

7. Kakum 00pa3oM NpoU3BOAUTCS OUMCTKA OTXOJSALIMX ra30B ¢ MOMOILBIO 030HA?

8. OCOOEHHOCTH CHHTE3a 030Ha B 030HATOpaX C NOBEPXHOCTHBIM pa3psiaoM?

9. Kak onpenenuTs Npou3BOAUTEIBHOCTh O30HATOpa?

10. 3HauuMocTh pacTBOpeHUsi 030Ha B Boje. Ilytm pemenuss npoOIEeMbl
PacTBOPEHHSI.

11. Tlowemy OapOoTakHasi Kamepa OCTaeTCs CamMblM pPaclpOCTPAHEHHBIM
KOHTAKTHBIM anmnapaTtomM?

12. Kak BiIMsieT KOHLUEHTpanusi 030Ha B BOJAE Ha OCTAaTOYHYH) KOHIIEHTPALMIO B
razoBoii (aze?

13. Kakum oOpa3oM BIMSieT Ha pPAacTBOPEHHUE O30HA JUaMeTp OapOOTaKHOMN
KaMepbl?

14. MeTtoapl n3MepeHusi KOHIIEHTPALMKU 030HA B Ta3€ U [IBETHOCTHU BO/IBI.

15. Kakum 00pa3oM B YCIOBUSAX JaHHOW pabOThl MOKHO YJIYYIIUTH TPOIECC

OYHMCTKH BOJIBI?
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[Tpunoxenue 5
3amanue asa camoctoaTenbHor padoTsl Ne 2 MccnenoBanue padoThl
OapbepHOro 030HATOPA

1. Llens paGoThI

1. O3HakoMJIEHHE C KOHCTPYKIHEH OapbepHOr0 030HATOpa, MPHUHIIUIIOM €ro
paboThI ¥ BBIXOHBIMU MapaMeTpaMH.

2. HccnenoBaHue peXxUMOB pabOTHI OaphepHOTO O30HATOpA, OMPEICICHUE
KOHIICHTPAIIUX 030HA, aKTUBHON MOIIHOCTH pa3psia.

2. [IpeaBapuTtenbHbIe CBECHUS

[Ton o3oHaTopoM B OOIIEM Ciiydae MOHUMAIOT YCTPOWCTBO ISl TOJTyYEHUS
o30Ha. COBpeMEHHBIE O30HATOPHI, B KOTOPHIX O30H IMOJY4YalOT C TOMOIIBIO
AIEKTPUUECKOTO pa3psiia B BO3yXE WIH B KHUCIOPOJIE, COCTOST U3 T€HEPaTOPOB 030HA
¥ UCTOYHHMKOB TUTAHUS W SBIISIOTCS COCTABHOW YaCThIO O30HATOPHBIX YCTAaHOBOK,
BKJIFOYAIONINX B ce€0s, KPOME O030HATOPOB, BCIIOMOTATENBHBIE YCTPOUCTBA: CHCTEMY
OYUCTKHU M OCYIIKH pabouero rasza (Bo3ayXa Wiu KHCIOPOJa), CUCTEMY OXJIAXKICHHUS,
KOMIIPECCOP, U3MEPUTEIHHBIE YCTPOUCTBA.

B mnacrosimiee Bpemst 030H O3 ABISETCS Ta30M, HCIHOJIb3YEMbIM B Tak
HAa3bIBAEMBIX 030HHBIX TEXHOJIOTHSIX: OYUCTKA U IMTOATOTOBKA TUTHEBOM BOJIBI, OUMCTKA
CTOYHBIX BOJ[ (OBITOBBIX M TIPOMBIIIIEHHBIX CTOKOB), OTXOJIOB Ta30B U JIp.

B 3aBHCHMOCTH OT TEXHOJIOTMH HWCIOJIb30BaHHUS 030HA MPOWU3BOJIUTEIHLHOCTH
030HaTOpa MOXKET COCTABIIATH OT JIOJICH TpamMMa JI0 JSCSITKOB KHJIOTpaMM 030Ha B Jac.

N3 OGombiioro yucia pa3iuvHBIX COBPEMEHHBIX KOHCTPYKIIMM O30HATOPOB,
WCTIONB3YIONNX  DJIEKTPUYECKUA pa3psn Ui TIOTy4YeHHs O30HA, HauOOJbIIee
pacnpocTpaHEHUE TOYYIIA 030HATOPHI C TaK Ha3bIBAEMBIM OaphEPHBIM Pa3psIOM.
[Tpon3BOANTENBHOCTH OHOTO OAPHEPHOTO 030HATOPA MOXKET COCTABJISATH OT TPAMMOB
1o 15 xr o30Ha B 4ac.

baprepHbIM pa3psaoM Ha3bIBAIOT pa3psia B Y3KOM Ta30BOM 3a30p€ MEXIY

IIJIOCKMMH HJIM KOAKCHUAJIbHBIMHU 3JICKTPpOJaMH, OAWH U3 KOTOPBIX (I/IJII/I 063.) IMOKPLIT

179



CJIOEM TBEpAOro audjekTpuka (puc. 2.1) Ecau k a5iekTpogam NpuiiokeHo NeEpeMeHHOe
HAnpsDKEHUE C aMIUTUTYIOM, MPEBBIIAIONIEH NPOOMBHOE HAMPSIKEHUE Ta30BOI0
MIPOMEKYTKA, TO B HEM BOSHUKAET Pa3psiJi, COCTOSIIHNMA 13 OOIBIIIOT0 YHCIIa OTACIBHBIX
UCKp, JUCKPETHBIX B IPOCTPAHCTBE U BO BpEMEHU. Pa3psn mpomomkaercs 10 TeX mop,

IMOKa MTHOBEHHOC 3HAUCHUC HAINPSIKCHHS Ha JJICKTPOIHOH CHCTEME HE JOCTUTHET
Unax . Oco6eHHOCTBIO 6aphepHOTO pa3psaa ABIAETCS TOKAIBHOE HAKOILIEHHE 3apsa

Ha MOBEPXHOCTHU AMAIICKTPUUYECKOro Oapbepa B MPOIECCE Pa3BUTHUS B MPOMEKYTKE
KaXJ0M OTAEIbHOU UCKPHI. [10ACHUM 3TO ¢ moMoIbIo puc. 2.2.

[TycTh K IPOMEXKYTKY ¢ OapbhepoM MPHIIOKEHO IMEPEMEHHOE HANPSHKEHHE, TIPU
KOTOPOM €IIIe HET pa3psjia. ITO HANPSKEHUE paclpe/ieIIeTCs] 0 eMKOCTSIM Oapbepa
Y ra30BOT0 MPOMEXYTKA, TAK UTO K Ta3y MPUIIOKECHO HAPSIKECHUE
C6

U =U——"—,
C. +C,

(D

rae U - HAIIPSPKCHUC Ha 3JICKTPOdax; C6 - EMKOCTH 6apbepa Cr - EMKOCTB I'a30BOI'O

MIPOMEKYTKA.

JIns QUIMHAPUYECKON CUCTEMBI DJIEKTPOJOB

L L
Co=2meg—5  Co=lmeg, [ ()
In— In—™
D_ D
3 .
H,O0 Jj}—-—-— 3
[ —\— T — 4
/{/{ LI A
AX XK KX X )

2 ANNNNINNNANNNNNNNNN—R _(j

Di D' Dsu
Pucynok 1 — DnekTpoaHas cucteMa 030HaTopa.

1, 3 - 3eKTpobl; 2 - AUBIEKTPUUYECKUN Oapbep; 4 - 30HA pa3psaa.
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Pucynok 2 — Pa3Butune pa3psiia B IpOMEXKYTKE 030HATOPa

rne €6 U &r - AUBJICKTPUYICCKHUC IIPOHHUIIACMOCTH 6apbepa H Ta3sa, L - JJIMHa

anextponos; Dy, D, Dgy - amamerpsi anextponos 6apsepa (cM. prc.1).

PaccMoTpum nepBbIi MOJIYNIEPHUO.T BO3ACUCTBYIOLIETO HAIPSKEHUS, B KOTOPBIN

ANEKTPOJ C TUAJNEKTPUKOM sBiseTcs aHoaoM (puc. 2, a). Korma HampspkKeHHOCTb
BHEIHero monist Egu, CO37aBa€MOro NPUIOKEHHBIM — HANPSKEHHEM, JOCTUTHET

3HAUCHMS HadaJIbHOM HaNps’KCHHOCTHU, B IMPOMCIKYTKC HAYMHANOTCA HMHTCHCHUBHLIC
HOHU3AIMUOHHBIC IMPOLCCChI U CO30aCTCA OOJIBIIIOE YMCIIO JJaBUH, IIPOABUIaOIINXCA

M0 HaIpPaBJICHUIO K IUAJEKTPUUYECKOMY Oapbepy. PacueTsl mOKas3pIBalOT, YTO TpHU

HOPMaJIbHOM ITOTHOCTH ra3a B Pa3psyiHOM MPoMexyTKe 1tuHoi | = 1 - 3 MM passutue
NaBHH MOKET IPHBECTH K CO3JAHMIO OOBEMHBIX 3apAI0B C IIOTHOCTHIO IN, mpwm

KOTOPO# BBITIONHAETCS ycoBue nepexona napunsl B crpumep (N = 10 8 1/ev?). Ipu

BBITIOJTHCHUH 3TOTO YCJIOBHS B KAKOM-TO MECTE MPOMEKYTKA BOZHUKAET CTPUMEPHBII
KaHaJ, TOJIOBKA KOTOPOTO JOXOAHWT JO IIOBEPXHOCTH  JJIEKTPOJA, IOKPHITOrO
TUDJICKTPUIECKUM 0aphepoM.

[TporcxoauT MpoOOi ra30BOro MPOMEXKYTKA M0 MHOTOJIABUHHO-CTPUMEPHOMY

MexaHu3My. BHelHe pa3psia BBINVISIAUT KaK UCKpa. DTOMY MPOLIECCY COOTBETCTBYET
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HAIIPSOKCHUC UHp-

B xome oOpa3oBaHusl M JBUKEHUS JIABUH U, B OCOOCHHOCTH, MPHU MOAXOAE K
JURJIEKTPUUECKOMY Oapbepy TOJOBKU CTPUMEPA, HAa MOBEPXHOCTh Oaphepa OceqaroT
OTPULIATENBHBIE 3aPAIBI - JIEKTPOHBI. JlnaMeTp KaHaja CTpUMEpPA COCTAaBISET MPH
paccMmarpuBaeMbIX yciaoBusax ~ 0,1 Mm. [IpuMepHO Takux ke pasMepoB OKa3bIBACTCS
U TSITHO 3apsiia, oceBiiero Ha Oapbep. UTo KacaeTcss MOJOKUTENBHBIX HOHOB,
0o0pa30BaBIIMXCS TMPH Pa3BUTHH JIaBUH, TO, O00Jagas Tropa3ao MEHbIeH
ITOJABMXKHOCTBIO, OHU ITOCTENEHHO CMEIIAIOTCS B CTOPOHY METANIMYECKOTO KaToAa.
[Tonxonss kK HeMy, OHM HeuTpanu3yrorcs. OcemaHue OTPUUATEIBHOTO 3apsja Ha
MOBEPXHOCTh  JUAJIEKTPUUECKOrOo  Oapbepa  BbI3BaHO  OOJBIIMM  OOBEMHBIM
compoTuBIeHnEM Matepuana Oapeepa ( mopsaka 10 - 10 Om-cm ). Bombmoe
nosepxHoctHoe cornporusienue ( 102 - 107 Om ) mpensaTcTByeT pacTekanuio 3apsaa
no noBepxHocTH. OOpa3yercss 3apsyKEHHBIM TUCK ¢ MAaKCUMaJIbHOW MJIOTHOCTBIO

3apAaaa B HCHTPC JHUCKaA. Bap}I)KeHHBIfI AUCK CO3A4acCT I10JIC, UMCIOIICC KaK HOPMAJIBHYIO
1

b §
EOC , TAK 1 TAHI'CHIIUAJIbHYTO EH ol COCTaBJIAOIIUC , TIOJ I[efICTBPIeM KOTOpOﬁ BIOJb

MMOBEPXHOCTH Oapbepa HAYMHACTCS TMOBEPXHOCTHBIA pa3psa JaBUHHOTO TuMa. B
paccMaTprUBaEMOM HaMU CITy4ae OTPUIATEIBHO 3apsHKEHHOTO IUCKA MMOBEPXHOCTHBIM
pas3psia Co3MaeT KPYTJIoe MATHO OTPUIIATENILHOTO 3apsiia ¢ AMaMEeTPOM, BO MHOTO pa3
MPEBBIMIAIONIMM TUAMETP HadaibHOTO 3apsigaa. OINUHOYHBIA pa3psi] B MPOMEKYTKE
MOXET CO3/1aTh MATHO AUamMeTpom 1o 15 - 17 mwm (puc. 2, a).

OO6pazoBaBmieecss Ha Oapbepe TOCJIE€ MMOBEPXHOCTHOTO paspsaa IMSITHO

OTPULATCIIBHOT'O 3apsAaaa CO34acT B pa3pAIHOM IMPOMCIKYTKE CBOC I10JIC C HOpMﬂJ’IBHOﬁ

§ 8
COCTAaBJISIFOLIEN HAIPSKEHHOCTH E HAMpaBJICHHOM BCTPEYHO K MPUIIO0KEHHOMY

oc’

1

BHCHIHCMY IIOJIIO. H3MepeHI/I$I M PacCdCThbl IIOKA3bIBAIOT, YTO HAIPAKCHHOCTD E:OC

MOKET JOCTUTaTh HECKONbkuX KB/cM. B urtore cymmapHoe mosie B IMPOMEXYTKE
p .

J u j u
EZ = EBH - Eoc CHMI)XACTCA, W HOHHU3AIMOHHBLIC IIPOLCCChI B 9TOM YacTu

IIPOMEKYTKa MpeKpamaroTcs. Paspsan racHer. Bech onmcaHHBI NpoUecc 3aHUMAET

BpeMs 10 ACCATH HAHOCCKYH, 3a KOTOPOC IPHUIIOKCHHOC HAIIPSAXKCHUE HE YCIICBACT
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U3MEHUTBCS. OJIHOBPEMEHHO HAYMHAETCS pa3BUTHE CTPUMEpa B JPYrod YacTu
IIPOMEXKYTKA, I'/I€ MPOLIECC IIOBTOPSAETCS.
OOpazoBaHue B pa3HbIX TOUKaX UCKP U UX 3aTyXaHue OyJeT MpOoJ0KaThCs J10

TeX TOp, MOKa MPUIIOKEHHOE HAMPSHKEHUE HE IOCTUTHET MaKCHMaJIbHOTO 3HAYCHHUS
Unn. Hocne 3toro paspsa B mpoMeskyTKe Tpekpamaercst. OCIUIIorpaMma TOKa 9epes
IPOMEKYTOK BBITJIAIUT TaK, Kak MOKa3aHO Ha PUC. 3, T/Ie Ha KPUBYIO TOKA CMEIICHUS
1cy HATIOKEHBI MMITYJIBCHI TOKA OTACIBHBIX UCK.

PaCCMOTpI/IM TCIICPb IIOJYIICPHOLA, KOraa OSJCKTpOA C OUIJICKTPUYCCKHUM

OapbepoM sIBisieTCs KaToAoM. [Ipu 3TOM BHOBb paccMaTpUBAETCSl CaMblil EPBbIN

U
Un
Unp ,,,,,,,,,,,,,, t
a)
A i t
lcu
Ll
~— L .

Pucynok 3 — OcuniiorpaMMsbl TOKa U HAIPSIKEHUS
a) - OCHWIJIOTpaMMa HaIpsDKEHUsI Ha DJIEKTPo1ax; 0) - oCHHILIOrpaMMa ToKa
4yepe3 030HATOP

e
0l

17
il

25
C

u
4 5 6 KB

Pucynok 4 — BbIxoa 030Ha B 3aBUCUMOCTH OT HAIPSHKCHUS
Yacrota f= 1500 I'; pacxox raza vy = 1 j1/mMuH.
MOJIyIIEPHOJ, TIPH KOTOPOM pa3BUTHE pas3psia B IMPOMEKYTKE HAUYMHACTCS IpHU
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OTCYTCTBUH 3apsi/ia Ha JUAJICKTPUKE.

Pa3BuTue paspsaa ujuer B STOM cllydae B HANpPaBJICHUH METAJUTMYECKOTO
anekTponaa. BHOBE oOpasyeTcst ctpumMep, HO IPU MOIXOE €ro TOJIOBKH K aHOIy BCE
AJIEKTPOHBI YXOIAT B MeTaul. HakorieHust 3apsiga Ha aHoje He mpoucxonut. Ho
pa3BUTHE CTpUMEpa HJET W B CTOPOHY KaroAa, K KOTOpPOMY II€pPEMEIIAI0TCs
MOJIOKUTEIBHO 3apshkeHHbIe HMOHBL. [lomxons k Oappepy, OHHM OCENAOT HAa HEM,
oOpa3ysi TOJIOKHUTEIbHBIA  3aps, SBIIIOMIMIICS TPUYMHON BO3HUKHOBEHUS
MMOBEPXHOCTHOTO pa3psiaa. B gaHHOM cilydae NOBEPXHOCTHBIA pa3psill HOCHT

CTpPIMGpHBII?I XApaKTCP U Ha ITIOBCPXHOCTH 6apbepa OCTacCTCA IITHO B BUAC 3BC3J0YKHN

1

(puc. 2.2, 6), MakcuMaibHasi HANpPsHDKEHHOCTb  IOJIS E oc » TAKXKE COCTABJISAET

HECKOJbKO KB/cM. B pe3ynbrare cymmapHas HalpssKEHHOCTh TOJIE B MPOMEKYTKE
CHIDKAETCs MU paspsIHbIC IPOLECCHI B ITOM YacTU IIPOMEXKYTKA IPEKPALAIOTCS.

JlnameTp 3Be3104eK OOMHOYHBIX pa3psanoB gocturaet 20 - 25 mm. Koraa Hanpsiokenue
Ha TIpoMeXxyTKe nocturaer Upm, pasps mpekparaercs.

Nuade 00CTOUT A€o, KOTAaa pa3psil pa3BUBACTCS B MPOMEKYTKE, B KOTOPOM Ha
JUDJIEKTPUUECKOM Oaphepe YK€ HMEeTcs 3apsijl, OCTaBIIUKCA OT MPEAbIIYIIEro
nosynepuosa. [lockoabKy MOBEpXHOCTHOE COMTPOTUBIICHHE MaTepraia 0apbepa O4eHb
BEJIMKO, 3apsiJl HE YCIIEBAeT peJIaKCUPOBATh 3a BpeMs OJJHOTO nepuoia. Pacnpenenenue
3apsiIOB Ha TMOBEPXHOCTUM K  Haudally pas3psiia B JaHHBIA MOJIYNEPUOJ OCTaeTCs
MPAKTUYECKU TEM Ke, KaK B MOMEHT OKOHYAHUS pa3psijia B IPEAbITYIIUHI TOTYTIEPUO/I.
DTO 0O3HayYaeT, 4TO B HOBBIM MOJYNEPUOJ IMOJE OCEBIIMX 3apsiiOB CKIIAIBIBACTCS C

BHCIHIHUM II0JICM, YCUJIMBAs €TO0. HOSTOMy B MCCTax, rac pacCiiOJIOKCHBI IIAATHA WIN
3BE3A0YKN OCCBHIMX 3apsaJ0B, HAIPAKCHHOCTb IIOJIA OOCTUIACT HayvaJIbHOU EH

paHbIIIe, YEM B OCTAJIbHOM YaCTU MPOMEKYTKA. Pa3BUTHE MOHM3ALMOHHBIX ITPOLIECCOB
U pa3psl OKa3blBAIOTCA “NPUBS3aHHBIMM K MECTaM pa3psla B NpPEAbIIYIINI
IIOJIyIIEPUOL.

Kaptuna paspsiia B NpoMEXyTKE CTAaHOBUTCS elle Oosiee CIOXKHOM —Iocie
JUINTEJIBHOTO BO3JCHCTBUS IIEpeMEHHOro HampspkeHus. Ho ects ompenencHHbIe

3aKOHOMEPHOCTH, MPOSBIILIIOIIMECS BO BCEX CIy4asiX: B KaXKAbIA MOJIYIIEPUOA Pa3psl
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UMEET BHUJ OTIEJbHBIX, OBICTPO 3aTyxarolmux HCKp. Paspsan HauumHaeTcs, Korjaa
HanpspKEHUE, TPUII0KEHHOE K JJIEKTPOJHOW CHUCTEME, MEHBIIE Pa3psiAHOTO
HaIPSHKEHUS Ta30BOTO MPOMEXYTKA. B KaKb1ii momymepruoa o0pa3yroTcsi HMITYITbCHI
TOKa, YUCJIO U aMIUIUTYAa KOTOPBIX SBIISIIOTCS CTATUCTUYECKUMU BEIIMYMHAMM.

B mpouecce  pa3BuTHs  KaXIOM  OTAEJIBHOM  HMCKPBl  MPOUCXOMST
ANEKTPOXUMHUYECKUE PEAKIINU, PE3YJIbTaTOM KOTOPBIX SIBIISIETCS 00pa30BaHKUE 030HA U
ero pasyoxenue. [Iporecc 06pazoBaHus 030HA COCTOMT M3 HECKOJIBKUX ATAIlOB, XOTS
B O0IIEeM clydae YKCJIO peakiui, CBSI3aHHBIX C OOpa30BaHMEM O30HA U €ro
pasyiokeHueM, npepsimaeT 70, CylecTBYIOT OCHOBHBIC, 0€3 MPOX0KICHHUS KOTOPBIX
MOJy4YeHHEe O30Ha HEBO3MOXKHO. (OCHOBHOW peakuued SBIAETCA  IPOIECC

Aucconran MOJICKYJI KUCJI0PO/Jda IIpU BSaHMOI[efICTBHI/I cO CBO6OJ1HBIM SJICKTPOHOM;,
O,+e—>0+0+e, (3)

[TocTossHHAsS BPCMCHHU 3TOI'O IIpOoHeCCa OYCHb MaJjla U COCTABJIACT CANMHUIIBI

HaHOCceKyH/. ClIeyIoIunii 3Tar COCTOUT B 00pa30BaHNN MOJIEKYJIBI 030HA

O+0,+M —>0O,+M, 4)

B KOTOPO#i MPHHUMAET yuacTHe TpeThs yacTuna M: Momnekyna, HOH, S7IeKTPOH HIIH

aTOM B HEUTpaJIbHOM WJIM BO30YKIECHHOM COCTOSHUH. VccliemoBaHusT TOKa3bIBAIOT,
410 00pa3zoBaHUe 030HA TpeOyeT BpemeHu 10 10 MKc.

Kpome oOpa3oBaHusi 030Ha, TpU JBUKEHUM YaCTUI[ Ta3za MPOUCXOIUT

pa3inoXKeHUs MOJIEKYJI O3 o peakuuu
0, +M—->0,+0+M, (5)

OTa peakius WACT TEM HHTCHCHBHEE, YeM BBIIIC TeMIeparypa rasa.
OGpa3yromuiicst B 30He pa3psaa 030H AubOyHIUpyeT B coceTHHUE 00IacTH.

B pesynbrare mpoxoxaeHus pabouero rasa 4epe3 paspsAaHyo 30Hy 030HATopa
Ha BBIXOJIE€ IMOJYYaeTCsi O030HO-BO3AYILIHAS WM O30HO-KUCIOPOJHAs CMECh C
xouuenrpaumeit ozona ( 107 - 10) r/m®, npu 3TOM mOMy4aeMOe KOIMYECTBO O30HA
3aBUCUT OT MPEBBIIICHUS MHTEHCUBHOCTU OOpa30BaHUs HaJ] UHTEHCUBHOCTHIO
Pa3IoKEeHHUS.

PaccmoTpenHblii  MexaHW3M  pas3BUTHA  paspsga B ONHOPOAHOM  IIOJIE
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POMEKYTKA C IUDIEKTPUUECKUM OApbepOM Ha 3JIEKTPO/IE MO3BOJISIET YCTAHOBUTD T€
OCOOEHHOCTH, U3-32 KOTOPBIX OaphepHBIA pa3psii CTal OJHUM U3 OCHOBHBIX
HMCTOYHUKOB 030HA. [ TaBHasi 0COOCHHOCTh - TUCKPETHOCTH Pa3psiIHBIX MPOIECCOB B
OpPOCTpaHCTBE U BO BpeMeHU. B TedyeHWe dYacTH KaXXJIOro MoOJynepuoa
BO3JICHCTBYIOILETO HANPSIKEHUS pa3psl PaCIpelesieH M0 BCEMY HPOMEKYTKY. ITO
MTO3BOJISIET UHTEHCUBHO OXJIAX/1aTh BCIO PA3PSAHYIO 30HY OXJIAXIAECHUEM 3JIEKTPOJIOB,
YTO OCOOEHHO BaXXHO I NPENOTBpAIICHUS TEPMUYECKOTO PA3JI0KEHUS YKe
oOpa3oBaBiierocsi 030Ha. bapbepHbIl pa3psi, KpoMmMe TOro, sBisieTcs Hauboiee
panmoHaIbHON (OopMO¥H paspsijia u i1 o0pa3oBaHus 030HA. baphep BBICTYMAeT B posH
TOKOOTPAaHUYMBAIOIIETO  COMPOTUBIICHUS I KaXJAOW OTAEIBbHONW HCKpBI, YTO
MpeA0TBpalIaeT OOJIbIINE TOKH, T.€. IOTEPH SHEPTUU HA PA30TPEB PA3PAIHOTO KaHaja.
Bwmecre ¢ Tem, B TaKOM pa3psie MPOLECCHl AUCCOLUALIMNA MOJIEKYJI KUCIOpOAa UAYT C
HauOONbIIEH  HMHTEHCUBHOCTBIO, YTO  OOECHEYMBACTCS  HMMEIOUIUM  MECTO
pacnpeesieHUeM 0 SHEPTUsIM CBOOOJIHBIX 3JIEKTPOHOB.

OOpa3zoBaHue UCKPHI B KaXJAOW 0OJACTH MPOMEKYTKA, TJI€ HAIMPSKEHHOCTD
MOJIsl IPEBBICUT MPOOUBHYIO M 3aTyXaHUE 3TOW MCKPBI U3-3a CIaJla HANPsHKEHHOCTHU

I10JIA1, BBI3BAHHOI'O OCCBIINMU 3apAaaMU, IIOAACPKUBACT HA SJICKTPOAAX IIPAKTHYCCKHU
HCU3MCHHOC HAIIPSKCHHUC HA I'a30BOM IIPOMCIKYTKC Ur B TCUCHHUC BCCTO BPECMCHU

rOpeHus pa3psiia B IaHHbIN noiynepuoa. [loatomy cpenHsisi HapsKEHHOCTH TOJISI B
ra3oBOM TIPOMEXKYTKE B TEUCHHE BCErO0 BPEMEHU TOPCHUS pa3psjaa JIHIIb
HE3HAYMUTEJIBLHO OTIWYACTCS OT HadajdbHOW. [lOCTOSHCTBO  HAINPSKEHHOCTH
obecrieunBaeT Npu pa3psiae CTaOMIBHOE PACTIPEEICHUE JJICKTPOHOB IO DHEPTHUSM,
YTO BaKHO JUIS MTPOXOKICHUS dJICKTPOXUMHUUYSCKHUX Peaknii 0Opa30BaHMs 030HA.

C pocToM MPUIIOKEHHOTO HANPSsDKEHHSI BpeMsl TOPEHHUS pa3psiga B KaKIIbIi
MOJTYTIEPHO/T YBEIMUNBACTCS, YBEIIMYMBACTCS YMCIIO UCKP M BO3PACTACT BHIXOJI 030HA.
OmHako TMOYTH TPOMOPIMOHAIBHBIM POCT BBIXOJA O30HA C POCTOM HAIMPSHKCHUS
MpoAoKaeTca A0 omnpeneneHHoro mnpexaena (puc. 2.4). C pocToM 4YHUCIa HCKP
YBEJIMYUBACTCS TEMIIEpaTypa pa3psaHON 30HBI, YCHIMBACTCS Pa3lIOKCHHE O30HA.
Pab6ora o3onaTopa npu mneperpeBe craHoBuUTCS HeddexkTuBHOU. [ToaToMy padoumii

PEXKUM  030HATOPA JIOJDKEH JICKATh B 00JIACTH JIMTHEWHON YaCTH KPUBOUW 3aBUCUMOCTH
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KOHIOCHTPAIWKU O30HA CO OT HAIIPAXKCHUAI.
3

[IpuBeneHHOE BBINIE OMMCAHHUE MPOLECCOB B O30HATOPE OTPAKAET TOJIBKO
(U3MYECKYyI0 KapTUHY B Ta30BOM MPOMEXKYTKe. J[s ayekTpudueckoi Iemnd,
BKJIFOYAIOIIEH MCTOYHUK MUTAHUSA W O30HATOP, MOCIEAHUN NPEACTABISAET CIOKHYIO
Harpy3Ky, U3MEHSIOUTYIOCS TP KaKJI0OM 3aKUTaHUU pa3psajia. AHAIN3 MPOIECCOB B
SKBHUBAJICHTHOM JJEKTPUYECKOM LENU COJEPKAIIEH O30HATOP, MO3BOJSET CBA3ATH
¢bu3MUecKue MPOLECChl C AICKTPUYECKUMHU BEIUYMHAMU, OIPEACISIONIMMHU 3TU
ITPOLIECCHI.

B >KBHUBaNIEHTHOMN JIEKTPUYECKON CXEME 030HATOP MOKET ObITh MPEJCTaBICH
IBYMsl  TOCJIENOBATEIbHO BKIIOYEHHBIMU E€MKOCTSIMH: €MKOCTBIO  Ta30BOTO
MPOMEXKYTKA U EeMKOCTBIO 0apbepa, Kak 3TO OBLIIO OMPEIETICHO paHee.

HYCTB K O30HATOpPYy IIPHUIOKCHO IICPCMCHHOC HAIIPAKCHHC

U=U, sinwt, (6)

Jlo Havana paspsiia B ra30BOM MPOMEXYTKe, T.e. mpu Hanpsokernn Ur < Upp,
MPUJIOKEHHOE HANPSKEHUE paclpeseisieTCsl MO0 €MKOCTSM T'a30BOr0 MPOMEXKYTKa

u 6apsepa: U= U+Us, npuuem

C. C
U,=U—"— U =U0_—""—, (7)
C.+C, C,.+C;
Tok yepe3 030HATOp paBEH
: C
i=U,0-—>—-cosmt , (8)
§) +Cr

Korz[a HAIIpsZKCHUC Ha T'a30BOM ITPOMCIKYTKC CTAHCT JOCTATOYHBIM IJIA €TO

npo0osi, B IPOMEKYTKE HAYMHAETCs pa3psll, HAIpsDKEHHE HAa Ta30BOM MPOMEKYTKE
CTAHOBHTCS PaBHBIM HANPSKEHUIO TOPEHUS pas3psiaa Urop Y HE MEHAETCS MIOKA TOPUT

pa3psan. Torna Hanps>KeHUE Ha JUAJIEKTPUUECKOM Oapbepe MOXKET ObITh OIpeIesieHO

KaK
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U;=U;-smot-U,__, 9)

Tok yepe3 030HATOp MpH pas3psae
d :
I:a(C6-UG):UO-(D-C6-s1no)t, (10)

Tak xak €6-Er, TO CyMMapHasi eMKOCTh 030HATOpa MEHBIIIe EMKOCTH Oaphepa,

U TIpU BOSHUKHOBEHUHU pa3psijia TOK CKAYKOM BO3pacTaer.
Kak yxe roBopuJIOoCh BhIIIE, KpUBasi TOKA Y€pe3 030HATOP MPHU pas3psiic UMEET
CJIIOXKHYIO0 (JOPMY, YUUTHIBAIOIIYIO UMITYJICHl TOKA OTIEIBHBIX pa3psiioB. [loaTomy

OOBIYHO IMOJIB3YIOTCA ITOHATHUCM CPCIHCTO TOKA YCPC3 O30HATOP IIPH pa3psAaac

2
Icp:(UO—Urop);-coC6, (11)

OueHb BaXXHOM XapaKTEPHUCTUKOW, OMPEACIISIONENd HE TOJIbKO HHTEHCUBHOCTD

MOHU3ALMOHHBIX TPOILIECCOB B Ta30BOM MPOMEXKYTKE, HO M 3(PPEKTUBHOCTH
00pa3oBaHus 030HA, ABNSAETCA AKTUBHAS MOIIHOCTH paspana P, ¢ poctom xoTopoit

BBIXOJT 030Ha Bo3pacTaeT. [IpaBuibHas  OIEHKAa aKTHBHOW MOIITHOCTH TpH padoTe
030HATOpa MO3BOJISIET OMpeaAenuTh h(HEKTUBHOCTH paOOThI YCTPONUCTBA B IIETIOM.
PacueTr akTMBHOW MOITHOCTH B IIEMU TEPEMEHHOTO TOKA IPOBOJIUTCS IIO

YPaBHEHHUIO
l.. 1 ..
P =-[iUdt - —[iUd(wt), (12)
t 2n

Ecnu aToT MHTerpan pa30uTh Ha Y4YacTKH, COOTBETCTBYIOIIME WHTEpBajaM,
KOrJa paspsl B NPOMEXKYTKE €CThb M KOTJa €ro HeT, U Ha KaXJIOM YYacTKe
WCIIOJIB30BaTh CBOM YPAaBHEHHUs U1 HANPSOKEHUS M TOKA, TO MOYKHO IIOJY4YHUTH

YPABHCHHUC OJIA AKTUBHOM MOIIHOCTHU BH A

2. (U,-U_)C.o 2.
P:Urop ( 0 rop) §) . Ur(DCr , (13)
T T

TZIe TIePBOE ClIaraéMoe a KBaJ[PaTHBIX CKOOKaX COOTBETCTBYET CPEIHEMY TOKY depes
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O30HATOp TPU TOPEHHUU DPa3psAla, a BTOPOE claraeMoe - CpeIHEeMYy TOKY B MOMEHT
3KUTAHUS pa3psia, KOTJa HampshKEHHE Ha  TPOMEXKYTKE CTAaHOBHUTCS PaBHBIM
npoOuBHOMY. C HEOOJBIION MOTPEUTHOCTHIO ATO HANMPSHKCHHUE MOXKHO CUHUTATh
paBHBIM HANPSDKEHUIO TOpPeHHWS paspsga. ToK, COOTBETCTBYIOIIUKA  3ITOMY
HaIPSHKECHUIO, HA3BIBAIOT KPUTHICCKUM.

Torna ypaBHEeHHE 711 MOILIHOCTH NPHUOOPETAET BU]T

P=U (I, -L,), (14)

OTO ypaBHEHHME HMCHOJB3YETCS ISl ONPEAECICHUS MOIIHOCTH IIPU MOCTPOCHHUH
BOJIBT-aMIIEPHOM XapaKTEPUCTUKU. DTOT METO/I UCIIOJIb30BaH U B IaHHOM pabdoTe.
Meton cOCTOUT B TOM, UTO U3MEPSIOT BBITPSAMIICHHBIA TOK Y€PE3 030HATOP ITPU

VU3MEHEHUH HANPSKEHUS, TPUWIOKEHHOTO K 3JIEKTPOAAM, U CTPOAT BOJIBT-aMIIEPHYIO
xapaktepuctuky 1 = f(U). Jlo mavana paspama sta xapaxTepucTuka MMeeT BHI

MPSIMON ¢ HAKJIOHOM, OOYCIIOBJICHHBIM COIPOTUBJIEHUEM BCEro o3oHatopa ( puc. 5).
[Tocne 3axkuraHust paspsaa TOK ONPEACIICTCS B OCHOBHOM €MKOCTBIO Oaphepa, W

HAKJIOH MPSIMOM MEHAETCSA. TouKa U3J10Ma COOTBETCTBYET KPUTHUECKOMY PEXKUMY, IIPU
KOTOPOM TOK pPaBEeH IKp. Eciu npomnute paspsnHyr0 4acTb BOJBTAMIIEPHOU
XapaKTEPUCTHUKHU JI0 NIEPECEUECHUsI C OChI0 HANPSIKEHUS, TO TOUKA MEPECECUCHUS JACT

HaIIPps2KCHUC TOPCHUA pa3psaaa Urop.
3Has 3HAYCHUS IKp n UFOp MO>KHO HaMTH MOIODHOCTH AJIA 10000 3HAYCHMS

HAIPSOKEHHS TI0 COOTBETCTBYIOIIEMY 3HAYEHHIO Lcp.

OCHOBHBIMHM ~ TIapaMeTpaMH, OmpeaeistomuMu  dPGEKTUBHOCTh  PabOTHI
GapbepHOro 030HATOPA, SIBIIOTCS: HAIPSDKCHHE Ha aekTpogax U; rasoserii 3azop 1
(3Ta  BenWUMHA OMpEAeNsieT XapakTep pas3psjia ©W €ro HMHTCHCUBHOCTH);

AUDJICKTPHUYCCKAasA IMPOHHUIACMOCTE MaTcpurajia 6apbepa 86 , dacTtoTa f

BO3/ICMCTBYIOILETO HAIIPSKEHMUS.
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Pucynok 5 — BonbT - amriepHas xapakTepuCcTHKa 030HATOpA
IBona 1
\\I= = 2
BO3Oyx + O3 FLTVLVLTT VLY BO3OYX
— i —
= 3
_ = Du D | Dgu| = =
- — = 5L
BOIla — _ - y = —__—_—»BOIHa
—|— = — = ‘ = |
7 |
[[TITITITIT] BH
CMSM - 1
I — BOIa

Pucynok 6 — TpyOuaTsiii OapbepHbIA 030HATOP

1 - HapyKHBIN 27eKTPo; 2 - Oapbep U3 CTEKI0IMAIIN; 3 - BHYTPEHHUHN AJIEKTPO/I.
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J11st BeIHOCa 00pa30BaBILIEToOCs 030HA U3 Pa3psAIHOTO MPOMEXYTKA HEOOXO0IUMO
co37laTh PAaBHOMEPHBIN MOTOK Tasza uepe3 paspsaHyro 30Hy. Hambosee yoO6HO 3TO
OCYLIECTBJISIETCS B KOAKCHAIIBHOM CHCTEME 3JIEKTPOIOB TaK HAa3bIBAEMOI0 TPYOUYaTOro

o30HaTopa (puc. 6).
OT ckOpOoCTH MPOTEKAHUS Ta3a Yepe3 030HATOP, WIIA OT pacxoja ra3a Vr (J1/MuH)

3aBUCHUT BPCM:I HpGGBIBaHI/ISI KaXXJ01ro CIJMHUYHOI'O oObeMa rasa B 30HE paspsaaa. 210

O3HAYaeT, YTO YUCIIO PA3psI0B, Pa3BUBAIOIIUXCS B KAKIOM €IMHUYHOM OOBbEMe rasa
TIpM JBMKEHHH €ro BIOIb 030HATOpA 3aBUCHT oT U, T.e. KOHIIEHTpaIus 030HA Ha

BBIXOJIC U3 O30HATOPA 3aBUCHUT OT paCXoad rasa.

C pacxoaoM rasa CesAa3aHa IIPOU3BOJUTCIILHOCTL O30HATOpA
G= C03 V., (15)

N3mepsiemas B rpammax ( WM KAJIOTpaMMax) O30HA B Yac U SIBJISIOMIAACS OCHOBHOM
XapaKTEPUCTUKON 030HATOPA.
Btopoii BaxHOU BenuuuHOM, omnpeaenstomeid 3PEGEeKTUBHOCTh PabOThI

030HaTOopa, ABJIAIOTCA 3aTpPpaThbl SOHCPIrvMU HA MMOJYYCHHUC O30HA

W = a , KBT.4/KkT,
OTa BeNMYMHA HMMEET 0CO00 BaXXHOE 3HAYCHHUE IS MTPOMBITIUICHHBIX

030HATOPOB C MPOU3BOAUTEIHLHOCTHIO 10 50 - 60 Kr/yac.

1 2 3] —74—‘ 5

Pucynok 7 — biok - cxemMa yCTaHOBKH
1 - koMmpeccop; 2 - OCyLIUTENb BO3AYXA; 3 - 030HATOP; 4 - U3MEPUTETH
KOHILIeHTpauu O3 ; 5 - pa3IokKUTENb 030HA; 6 - ICTOYHUK BBICOKOTO
HaMpsHKeHUs ; 7 - OJIOK SJIEKTPUUYECKUX U3MEPEHUM; 8 - BOJSHOE OXJIaK ICHHUE.
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PucyHnok 8 — DnekTpuyeckas cxeMa U3MEpEeHU 1 KOMMYTalluu
MCTOYHUKOB ITUTAHUS
1 - UI1-600T;2 - UIT-1000 I'm; 3 - UIT - 1500 I
3. Onucanue yCTaHOBKHU

Ha puc.7 npeacraBneHna 0jioyHasi cxeMa YCTAaHOBKH, BKJIIOYAIOIIAsl, TTOMHMO
AJIEKTPUYECKON YacTU BCIIOMOTaTENbHBIE YCTPOMCTBA AJI OCYIIKH Ta3a, BOISHOTO
OXJIQXKICHHSI, KOMITPECCOP, Pa3I0KHUTEIb 030HA U U3MEPHUTENh KOHIIEHTPAIUUA 030HA.
W3mepenne KOHILIEHTpalMM 030Ha OCYIIECTBISIETCS IO CIEKTPY IMOIJIOIIEHUS IpU
NpPOIMyCKAaHUM CBETa PTYTHOW JIaMIIbl Yepe3 CHEUHUaJbHYI0 KBapLEBYIO KIOBETY,
BHYTPHY KOTOPOU MPOXOJIUT MOTOK raza 0 030HOM. BBIXOAHBIM MPUOOPOM U3MEPUTEIIS
KOHIEHTpPAlMU CIYXXKUT MHUKpOaMIIepMeTp, IMepecueT MOoKa3aHUil KOTOpOro mJaer
3HaUYE€HHUE KOHUEHTpaluu 030Ha. Besa  mikana nmpubdopa (100 neneHuil) CooTBETCTBYET
KOHLIGHTpaluu 030Ha B raze 20 mr/n wiu npuMepHo 1 % oObeMHBIN.

Ocymika ra3za OCYIIECTBIISIETCS MPOMYCKAHUEM BO3yXa 4Yepe3 OCYLIUTENb C
cuiikareneM. Pacxon rasa uaMepsieTcst poTaMeTpoM B JICTICHUSAX, IEPECUUTHIBAEMBIX
3aTeM B JI/MHH.

Jlis yHMUYTOXKEHUS O30HAa B BBIXOZSIIEM M3 O30HATOpa IMOTOKE Trasa, 4To
HEOOXOJIMMO B IIENsAX O€30MacHOCTH Ji NPEJAOTBpAIICHUS OTpaBjieHUsS ( O30H
SBJISIETCS. MOUTHBIM OKHMCIIUTENIEM, U BIBbIXaHHE BO3yXa C BHICOKON KOHIICHTpAIUei
O30Ha MpPUBOJUT K OXKOTY JAbIXaTEIbHBIX IIyTEH) MCIONb3YETCS Pa3IOKUTENIb C
[IUAHUTOM, TIPU B3aUMOJCHCTBUH C KOTOPBHIM MPOUCXOAUT Pa3I0kKEHHE 030Ha.

DnekTpuyeckas cxema yCTaHOBKM IpuBe[eHa Ha puc. 8 , roe 1, 2 u 3 -

nctouynuku nutanusa ¢ dactoroir 500, 1000 u 1500 I't coorBercTBenHO; BH - Onok
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U3MepeHus BbICOKoro Hampspkenus; PT - Onmokx u3mepenus paspsigHoro Toka; IT -
NepeKIYaTe b ICTOYHUKOB MTUTAHUS.

N3MepeHre BICOKOTO HAMPSIAKEHUS OCYIIECTBIISECTCS MO BRIIPSIMICHHOMY TOKY
uepes 106aBouHOE conpoTupienne R=27 MOwm. I1Ikana npu6opa, ycTaHOBJIEHHOTO HA

MMyJbT€,  OTIPAAYHMPOBAHA B  MAKCHMAJIbHBIX  3HAYCHUSAX  HAIPDKCHUSA
COOTBETCTBYIOLIEH YaCTOTHI.
N3Mepenue Toka yepe3 030HaTOp MPOU3BOIUTCS C TOMOIIBIO BBIIPSIMUTEIIBHON

CXEMBI, TOCJIEN0BATEIIBHO C KOTOPOM BKJIIOUEH MUKpoamnepmerp M-906 ¢ mryHTOM.

Jlna ompeneneHus Toka HeobXoaumo mokaszanue N mpubopa (MKA) YMHOXKHTH Ha
koappumment Ky = 0.168, umeromee pasmepHocTh MA/MKA, TOT/IA 3HAYEHHE TOKa |

= N K umeer pazmeprocTs MA.

B pabote ucnonb3yercs TpyOUaThiii OapbepHBIA 030HATOP C AUIICKTPUUECKUM

OappepoM u3 oSMamm Tuna 13 /I3, uMeromiell 3HaueHHUE JAUAICKTPHUUYSCKOM

npoHuIaeMocT € = 6. Jlmamerp Hapyxksoro smektpoma Dy = 43 MM, amamerp
BHYTPEHHETO, TOKPBITOTO AMANBI0 dnekTpoaa D=40 MM, 4To faeT AanMHY BO3IYITHOTO

3asopa | = 1.5 mm. Tommuna c1ost 5Mamu 1 Mm. J{iHA HAapy)KHOTO SIEKTPoaa 4 cM

JUTMHA pabouel yacTu, Tie TOPUT pa3psii, 3.5 cM.
4. 3aaHue Ha IpeIBapUTEIbHYIO TOATOTOBKY
1. O3HAaKOMUTBLCS ¢ JAHHBIM OITMCAHUEM.
2. Paccuutarh MaKCUMallbHOE 3HAYEHHUE IMEPEMEHHOIO HaNpsKEHUS  Ha
AJIEKTPOAaX 030HATOpPA, IPU KOTOPOM IMPOU30KIET MpoOoil mpomexyTka. O30HATOP

IpecTaBIseT OO0 KOAKCHAIbHYIO CUCTEMY 3JIEKTPOJOB C TUAMETPOM 3JIEKTPOAOB
Dy =43 mmu D =40 mv; 510 cozmaer npomesxyTok amuHOi 1.5 MM. DeKTpHUecKOe

IMOJIC B BO3AYIIHOM IIPOMCIKYTKE MOXHO CUHMTATb OAHOPOAHBIM. I[JIS[ TaKoIro II0JIA

MaKCHMaJbHOE 3HaYeHHE MPOOMBHOTO HAMpsKeHUsI B KB,

U,, =24.5-81+643l, (16)

rac 6 - OTHOCHUTCJIbHAA IIJIOTHOCTH BO3yXaA, 1- paCCTOAHNEC MCKAY DJICKTPOJaMHU, CM.
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3. Paccumtath OHECPro3arparel Ha IMOJIYUYCHHC O030HA B CICAYIOIICM PCKUMC

paGOoTHI 030HATOpPA: OOBEMHEIH pacxXos raza 1 J/MuH, KoHueHTparms o3zoHa C 0.~
3

20 r/M°, akTHBHAs MOIIHOCTH pa3psana P= 15 Br.

5. 3ajaHue Ha MPOBEACHHUE PA0OTHI

Buumanue! [lepBoe BKIIFOUEHHE YCTAHOBKM Ha BBICOKOE HaNpsHKEHHE U
NEPEKIOYEHUE C OJHOM 4YacTOThl Ha JAPYIYH OCYLIECTBIISIETCS  TOJIBKO
npenoaaBareem!

1. YOeoutbcst B TOM, YTO YCTAHOBKa roToBa K paboTe: Ha MyJbT MOJAHO
HaIlpsSDKEHUE M TOPUT CHUTHabHas Jiamna JI1, BKIIOYEH KOMIIpeccop U poTaMerp,
MOKa3bIBaeT pacxoj Bo3ayxa 40 neneHuid, YTO COOTBETCTBYET | JI/MHH, BKJIIOYEHO
BOJSTHOE OXJIQXKJIEHHE 030HATOPA, BKJIFOUEH U3MEPUTENIb KOHUEHTPALMH O30HA U €0
BBIXOJIHOM npuOop mokassiBaet "0".

2. Y0enutbcs B TOM, UTO MEPEKI0YaTesb HCTOYHUKOB MUTAaHUS HAXOAUTCS B
nosnoxenuu 1000 I'm, 3akpeiTa ABepiia Ha JIeBOM OOKOBOW IMaHENW IMyJIbTa, TOPUT
curHaipHag jammna ucroynuka 1000 I'm , ero mepekmrouarens HanpspkeHus 111
HaXOJIUTCS B KpallHEM JICBOM IOJI0KEHUH, BKIIIOUEH PYOMILHUK "BUIMMOTO pa3pbiBa’
Ha IpaBoil OOKOBOM MaHEH MyJIbTa.

Bxmrounts kHOnky "BKJI" marmuTHOro myckarens. Ha mymbere 3aropaercs
nammna JI2 "BbIcokoe HampspbkeHue'. Y cTaHOBKa TOTOBa K padore.

3. 3anucaTh 3HAYEHHWE TOKAa Yepe3 O30HATOP M HANPSIKEHUS MPU  NEPBOM
noJio’keHuu nepekitovarens [12. Yoenutbcs B TOM, YTO KOHIIEHTpAILMs 030HA paBHA
"0". [TocTaBUTh NEPEKIIIOYATEND B MOJIOKEHUE 2, 3aIUCATh 3HAUCHUS HANIPSKEHUST U
TOKa U TMPOBEPUTH 3HAYEHUE KOHLEHTpAlUMu O30Ha. EciuM KOHLEHTpamusi Hayaia
pacTu, yOeIuThCSl B HATMYUU pa3psija, IOCMOTPEB B TOPELl 030HATOPA Yepe3 OKOIIKO
Ha myJbTe. BhDKIATh, MOKA HE YCTAHOBUTCA HEM3MEHHOE 3HAYEHUE KOHIEHTPALMU
(mpumepHO 1 MHH.) U 3anucaTh €ro.

4. IloBTopuTh 1.3 NEPEKIOYUB Nepekirodarens 112 B nonoxenue 3, 4, 5. [Ipu
Ka)KIOM HalpsDKEHWM 3alliChIBATh 3HAYECHUS KOHLEHTPALUU 030Ha IIOCJIE TOTO, KaK

MoKa3aHusl MUKpoamiiepMerpa M1 nepecTtaHyT M3MEHSThCS. 3anucaTh 3HAYEHNS TOKA
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Y HaIPSDKEHUS IPU KaXKO0M MOJIOKEHUH TEPEKITI0YATEIS.

5. Jlns omHOrO M3 3HAYEHUN HANpsDKEHUS (HApuUMep B 4-OM MOJIOKEHUU
MepeKIIoYaTeNsl) U3MEHUTh Pacxo]l raza U yOemauThCs, UYTO MPOUCXOIUT U3MEHEHHUE
KOHIICHTPAIIMM O30HA. 3amnucaTh 3HAYEHHWE pPacxojla rasa U COOTBETCTBYIOILEE
3HaY€HUE KOHIICHTPAI[UU 030Ha.

6. IlepeBectn nepeximouarens [12 B mepBoe MoJIOKEHUWE U HAXKaThb KHOINKY
"BBIKJI". Bbicokoe Halps>KEHHWE OTKIIIOYAETCSE OT 030HATOpA.

7. BBIKIIIOUNTh PYOMIBHUK "BUAMMOTO paspbiBa’, W NIEperTH K padoTe C
nctoyHukom 600 I'm.

ITocne moaxmroueHuss uctounuka 600 'ty BKIIOYKTH "BUIMMBINA pa3phiB'.
BxitounTh KHOMKY BBICOKOTO HampsbkeHus. [IoBTOpUTH U3MepeHust Mo MyHKTY 4 B
nonoxkenusix 1, 2, 3 nepexmtouarens I11.

8. IToBTOpUTH MyHKTHI 5 1 6 3amanus ad yactotsl 1500 I

9. Ilo HailAEeHHBIM 3HAYECHUSIM TOKOB W HampsipkeHuil g dactotsl 1000 I'm

IIOCTPOUTHh KPUBYIO Icp = f(U) B BHJIE JBYX IMEpECEKArIMXcsa npsAMbIX. Hantu

3HAYCHHUS IKp 51 Urop. C nmoMomipl0 MOJYYEHHOW KPUBOW pPACCUUTATh 3HAYEHUS

AKTUBHOW MOIIHOCTU pa3psifa W MOCTPOUTh KPHUBYIO 3aBUCUMOCTH KOHIIEHTpallUU
030Ha OT MOILIHOCTH pa3psja.

10. [Ins omHOro 3Ha4Y€HUs HANPSIKEHHS HA 030HATOPE MOCTPOUTH KPUBYIO
3aBUCUMOCTH KOHIIEHTPALIMHA 030HA OT YACTOTHI HAIPSKEHUS.

11. Hns gacroret 1000 I'm, pacxoma raza | J/MUH W MaKCUMaJIbHOTO
HaIpsOKEHUS! pacCuuTaTh MPOU3BOJIUTEIBLHOCTh 030HATOpPA M 3aTpaThl dHEPIHMHU Ha
nostyyeHue 030Ha. OUEHUTD MOTYyYEHHBIE PE3YIIbTaThl.

5. KoHTpoapHbBIE BOIPOCHI

1. Kak oObsicHsIeTCS yBETMYEHUE BBIXOJA 030HA C POCTOM IMPHUJIOKEHHOTO K
030HaTOpy HanpspkeHusa? [Ipy KakuX yCIOBHSIX pOCT BBIXOJAa 030HA MpeKpamaercs?

2. [Touemy pacTeT BbIXOJ 030HA C YaCTOTOM MPUIIOKEHHOTO HAIIPSKEHUS?

3. Urto Takoe HanpsbKeHHe ropeHus paspsaaa’?

4. Kakue OCHOBHBIE BEJIMUMHBI XapaKTepU3yIOT paboTy 030HaTOpa?
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[Ipunoxenue 6
3agaHue JIJ1s CaMOCTOSTEIbHON paboThl Ne 3.
HccnenoBanue padboThl 0aphepHOI0 030HATOPA

MarautHo - umMnyJibcHas 00paboTka METaIOB
1. Henpb paboTsl

O3HaKOMJICHHE C TPUHIUIOM JAehOPMUPOBAHUS MPOBOISIIMX 3arOTOBOK B
MMITYJIbCHOM MAarHUTHOM TIOJIE, C Y3JIaMH M DJIEMEHTaMH yCTaHOBOK JIJIT MarHUTHO-
UMITYJIbCHOM 0OpaOOTKM METaJUIOB, a Tak)Ke O3HAKOMJIEHHWE C METOJIaMH pPacyeToB
MIPOIIECCOB B Pa3psIHON 1NN YCTAaHOBKH.

2. IIpenBapuTenbHbIE CBEICHUS

MarauTtHo-uMIybcHasi ~ oOpaboTka  OCHOBaHa  Ha  TpeoOpa3zoBaHUU
AIIEKTPUYECKON PHEPTHUH, HAKOTIJICHHON B KOHJIEHCATOPHOM OaTtapee, MpH pas3psiie Ha
WHYKTOP WM HETIOCPEICTBEHHO Ha 3arOTOBKY B YHEPTUIO UMITYJILCHOTO MAarHUTHOTO

T10JI51, COBEPIIAIOIIETO padoTy J1e(OpMHUPOBAHUS ICKTPOIPOBOTHOM 3aTOTOBKH.
’ .
3BECTHO, YTO HA €AMHMITY AJMHBI MPOBOJHMKA ¢ TokoM I, moMerenHOM B

Py
MAaravTHOC II0JIC C HAIIPS>KCHHOCTBIO H R HeﬁCTByeT cujia
1 J &
F=p,u[IxH]. (1)

—7
rne Ug = 4t - 10 I'a/m - MarHuTHas TOCTOsiHHas; |l - MarHuTHas

MIPOHUIIAEMOCTh OKPYKaIOIIEH CPE/bl.

MarnuTHoe MoJjie, BO3JCHCTBYIOIIEE HAa MPOBOAHUK C TOKOM, MOXKET OBITh
CO3/IaHO TOKOM, MPOTEKAIOIIEM B JPYroM HPOBOJHMKE. BelnurnHa HanpsKeHHOCTH
MAarHUTHOTO TIOJII B TPOCTPAHCTBE BOKPYT TMPOBOAHMKA C TOKOM MOXET OBITH

OompcaciicHa U3 3aKOHA IMOJHOI'0 TOKa
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jSﬁdi =>1, (3.2)
1

rae | - xomTyp unTerpuposanus.

Ha PaCCTOAHUHA I or YCAUHCHHOI'O ITPOBOJHHKA

I
H=—— 3
2ntr )

B ciydae 1Byx 6€CKOHEUHO TOHKHUX MPSMbBIX POBOTHUKOB, PACIIOI0KEHHBIX HA
pacctostHuM AY Jpyr OT JApyra, 3JIEKTpOJWHAMUYECKas Cuja, JEHCTBYIOIas Ha

CAVMHUIC OAJIMHBI ITPOBOJHUKOB,

F=pp, —=, 4)

HaHpaBJIeHI/Ie CHUJIBI 3aBUCUT OT HAIIPaBJICHHUA TOKOB Il )51 12 B IIPOBOJHHKAX:

IIPY OJMHAKOBO HAITPABIICHHBIX TOKAX MPOBOJIHUKH IPUTATUBAIOTCS APYT K APYTY, IPU
IIPOTUBOIIOJIOKHO HAIIPABIICHHBIX - OTTAJIKUBAOTCH.

Jnst 1Byx O€CKOHEYHO TOHKHMX IIJIOCKUX IIWH IIUPUHON a, paclo0oXKeHHBIX Ha
HEOOJIBIIIOM PACCTOSTHUU (AI’(( ) Ipyr ot Apyra, HANPSHKEHHOCTh MAarHUTHOTO TOJIS

B 00beMe MEXy IMMHaMU 0e3 ydyeTa KpaeBbix 3G (HeKToB

H=- (5)
a
I[aBJIeHI/Ie MArgvTHOI'O II0JIsI Ha HIMHBI YHCJICHO PABHO y,Z[GJ'IBHOﬁ IIJIOTHOCTHU

SHEPTUU MOJIS

H? 12

P=pp,—=pp, — (6)
(1] 2 02a2

N3-3a Bnusinus 3¢ pexra 6J130CTH U MOBEPXHOCTHOTO 3 (HEKTa TOK MO CEUSHUTO
IIUH pachpeenseTcss HepaBHOMepHO. [lodTomy mpu pacmpeneneHuss CHIIbI WIH

JaBJICHUA 110 TOJIOHMHC O6pa6aTbIBaeMOﬁ 3arOTOBKM MW JIA  OINPCACIICHHA

HHAYKTHUBHOCTHU CUCTCMBI CJICAYCT UCII0JIb30BATh HC ICOMCTPUICCKOC PACCTOSIHUC Al‘
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, @ HCKOTOPOC 3KBHUBAJICHTHOC PACCTOSHUC

ALy o= Ar+2A, (7)

rac A - 2 / (0 - T 6I/IHa IIPOHUKHOBCHHUA JJICKTPOMAIHUTHOI'O IIOJIA B
0 y p TP

MaTCpuall MUH, P - YACIbHOC COIIPOTHUBJIICHUC MATCpHUaAJIad IIIWH, (O - KPYroBas 4aCcToTa
TOKa.

HSBGCTHO, 4TO B IPOBOJAIIEM TCJIC, PACIIOJIIOKCHHOM BOJIM3HU IIPOBOJIHHUKA C
MNEPEMCHHBIM TOKOM, BO3HHUKAIOT BHXPCBBIC TOKH. B3aI/IMOI[eI7ICTBI/Ie TOKa B
IIPOBOJHHUKC C HABCACHHBLIM B TCJIC (SaFOTOBKG) TOKOM COIIPOBOXKAACTCA ITIOABJICHHCM

OTTAIKUBAIOIIECH CHIIEI

I’ dL
pl (8)
2 dx
rac & - HU3MCHCHHC MHAYKTHBHOCTH CHCTCMbI IIPOBOJHHK-3aI'OTOBKA B

HampaBjeHUU X.
Cpennee naBneHue Ha MPOBOJHUK M 3arOTOBKY PAaBHO CHIIE F, nenennoii na
mIomaab IpoBOJHUKA S.

BenuunHa JaBIeHHs Ha 3arOTOBKY TOJIIIMHON O MOXKET OBITH OIpe/eIeHa 110
dbopmyne (3.6), eciu 3IJICKTPOMAarHWTHOE II0JIE HE IPOHHMKAET CKBO3b 3aroTOBKY
(A<<9d).B CJIyyae MPOHUKHOBEHUS MOJIS (A=) naBnenue onpeenseTcs pasHOCTHIO

YACIbHBIX MJIOTHOCTEH OHCPIrMu Ha MOBCPXHOCTAX 3arOTOBKH
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P=pp, ©)
2
[ X XK AKX XN
0.0 00000y
02900000
SEEARIEA
oE Ary 19 J—I
1
a)
Pabo
b)
B ycraHoBkax mis MAarduTHO-

UMITYJIbCHOM 0OpabOTKM HCHOJB3YIOTCSI JIBa CIOco0a TIONYYECHHsS JIaBJICHUSA
AJIEKTPOMArHUTHOTO TIOJISl Ha 3aroTtoBky. Ilpu mepBoM cmoco0e UMITYJIbCHBIH TOK
npoiryckaetcs 1o 3arotoske 3 (puc. 1,a). [Ipu BTopom crioco0e B 3aroToBKE HABOIATCS
BUXPEBBIC TOKHU MOJ[ JCHUCTBUEM HUMITYJILCHOTO MAarHUTHOTO TOJIsl, BO3HUKAIOIIETO
BOKpPYT MPOBOJHUKA WJIM CHUCTEMbI MPOBOJHHUKOB (MHAYKTOpa W), uepe3 KOTOPHIi
MPOITYCKAeTCsl UMITYyJIbCHBIA TOK (puc. 1,0). [ns mpumanus 3aroroBke TpeOyemoit
(dhopMBbI Ha TTyTH €€ TIepeMElIeHUs] YCTaHaBIMBaeTCs MaTpuiia M.

[Ipu epBoM crioco6e 1o 3aJaHHBIM JIEKTPOPU3NUESCKUM CBONCTBAM 3arOTOBKH
u TpeOyeMol BeIWYuHEe NABJIEHUS MOXHO 1o (3.6) ompenenuTh mapaMeTphl TOKa,
HeoOxoauMble 151 1eOpMHUPOBAaHUS 3ar0TOBKU. TakuMm ke o0pazaM MOKHO PEIIUTh
1 00paTHYIO 3a/1aqy.

HpI/I BTOPOM croco0e: ecliM M3BECTEH 3aKOH HM3MEHEHUS HHAYKTHUBHOCTH

199



CUCTEMBbI MHYKTOP-3arO0TOBKA OT paJinyca 3arOTOBKH, ISl OMPEICTICHUS CUIIBI MOYKHO
BOCITOJIb30BaThCs (popMyioit (3.8).

DHeprus MUMITYJIbCHOTO 3JICKTPOMAarHUTHOTO TOJSl TPU  OCYLIECTBICHUHN
nedopMalii 3aroTOBKM PAcXOAYyeTCs HE TOJbKO Ha BBIIOJHEHHE MEXaHHUYECKOU
paboThI, HO TaK)Ke HA HATPEB MPOBOJHUKOB, H3MEHEHUE UX BHYTPEHHEU CTPYKTYPHI U
T.J1. TOUHBIN yUET 3TUX MPOLECCOB SBIISIETCA CIIOAKHOU 3aa4€H, BBIXOASAIIEH 3a PAMKHU
JTAaHHOU PabOoTHI.

B ycraHoBkax i MAarHUTHO-UMIYJICHOM 0OpabOOTKM METauIOB B
3aBUCUMOCTH OT (OpPMBI U Pa3MEpPOB 3arOoTOBKM W OT XapakTepa MPOBOJAUMOU
OTepalliy UCTIOIb3YIOTCS PA3IMYHbIE HHIYKTOPHBIE CUCTEMBI. [10 KOHCTPYKTUBHOMY
BBIIIOJTHEHUIO HX MOXHO pa3JeuTh Ha CICAYIOIIUE THUIIBI: OJIHOBUTKOBEHIE,
CHUpaJIbHbIC, KOAKCHAJIbHbIC, TIETJICBbIE, KOHMYECKHE U C KOHIIEHTpATOpaMu
MarHuTHOTO TIOTOKa. JIJIsI W3TOTOBJIICHHWS HWHIYKTOPOB TPUMEHSIIOTCS XOPOIIO
MIPOBOJIAIINE DICKTPUICCKUNA TOK MEXaHHMYECKH IMPOYHBIE METAJUIBl M WX CIUIaBBI.
M3onsimonnbie MaTepuanbl B MHAYKTOPE BBITIOJHSIOT JIBE€ OCHOBHBIC (DYHKIIMH:
oOecrieueHre AIEKTPHUCCKOW MPOYHOCTH TPOMEKYTKOB MEXKITY BHTKAMU U MEXKTY
WHIYKTOPOM U 3aroTOBKOHM, KOPITyCOM YyCTaHOBKH, a Takke OOecreueHue
MEXaHUYIECKOTO KPEIJICHUSI BUTKOB HHIYKTOPA.

TpeboBanus, NpebIBISIEMbIE K UHIYKTOPaM, CJIETYIOIINE:

- BBICOKMI KOd(PUIMEHT npeoOpa3oBaHusl SHEPTHH WCTOYHHKA MUTAHUS B padoTy
nedopMalum 3aroToBKH;

- BBICOKAas MEXAHUYECKAs] CTOMKOCTb K BO3JCUCTBUIO JWHAMUYECKHUX YCHUIIUU,
BO3ZHHKAIOIIUX B TIpoliecce AehopMariy 3aroOTOBKH;

- obecrieueHrue HEOOXOIMMOT0 PaCIPEACIICHHUS WU KOHIICHTPAIIMU MarHUTHOTO TIOJIS
Ha 33JIaHHOM y4JacTKe 00padaThIBaeMOi 3ar0TOBKH;

- o0ecreueHne ICKTPUISCKON MPOYHOCTH U3OJISINN;

- yI00HO€ ¥ HaJIe’)KHOE MPUCOETUHEHUE K UCTOUHUKY MUTAHMUSL.

HcTouHMK NMUTAaHUS MArHUTHO-UMITYJILCHOM YCTaHOBKH JIOJDKEH OOECIeYUTh
HEOOXOIUMYIO BEJMYMHY U CKOPOCTh M3MEHEHUsl TOKa B MHAYKTOPE C 3arOTOBKOM.

Jnsa ocymiecTBiaeHUs nedopMalliid METAUIMYECKUX 3arOTOBOK TPeOyeTCs Moydarhb
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OOJIBIIYI0 IUIOTHOCTH TOKa B 3aroTtoBke. M3 HW3BECTHBIX B HACTOsAIIEE BpeMs
UCTOYHHUKOB HUMITYJIbCHBIX TOKOB Haubojee MNOAXOASIIMMHU JJIsi MarHUTHO-
HUMITYJIbCHBIX YCTAHOBOK SIBJISTFOTCSI TEHEPATOPHI C EMKOCTHBIM HAKOITATEIEM SHEPTHH.
Benuuuna 3anmacaeMoil sHepruu, pabouee HaNpsHKEHHE HAKOMUTENS W MapaMeTphbl
AJIEMEHTOB Pa3psSAHOTO KOHTypa OMNPEACISIIOTCS TPeOyeMbIMH BEIUYMHONW W
CKOPOCTBIO HM3MEHCHHsSI TOKa. B CyIIeCTBYIONUX YCTAaHOBKAX JJII MAarHUTHO-
UMITYyJIbCHOM 00paboTKu MeTaiuioB pabodee HampsbkeHue coctamisier 1 - 50 kB,
3anacaemas sHeprusi uamensierca ot 0,1 mo 300 x/lx. s oOpabOTKU Takux
MaTepuayioB, Kak 30J0TO, cepedpo, Meib, allOMUHUN M HX CIUIaBbl 3(PGHEKTUBHO
MCIIOJIb3YIOTCSl YCTAHOBKU C YAaCTOTOU KoJiebaHui pazpsaHoro toka 10 - 20 x['u. [dns
00pabOTKM MAaTepUaioB C HU3KOM 3JIEKTPONMPOBOAHOCTHIO (HEp)KaBeroIlas CTalb,
TUTAHOBBIE CIIABHI U JP.) HEOOXOIMMO HCTOIB30BaTh YCTAHOBKU C BRICOKOU paboueit
gactoroi 60 - 100 x['q nnu “ciyTHUKK” (TPOMEKYTOUHBIE MPOKIAAKU C BBICOKOM
AIIEKTPOIIPOBOTHOCTHIO), pa3MelIaeMble MEXIy HWHIYKTOPOM U oOpadaThiBacMOn
3arOTOBKOM.

MarauTHO-UMITYIbCHBIM METOJ MOXET OBITh WCIOJB30BaH IS CaMBIX
Pa3HOOOpa3HBIX BUAOB OOpaOOTKM META/NIOB JaBJICHUEM: BBIPYOKH OTBEPCTHI,
pa3BajJblIOBKH, HEMTyOOKOW IITaMIIOBKH, OTOOPTOBKH, HAMPECCOBKH, KaJIHMOPOBKH,
cOOpKkH y370B, YIUIOTHEHUS W T.A. OH IMO3BOJIAET BBHINOJHATH TEXHOJOTHYCCKUC
orepalyy, He OCYIIECTBIISIEMbIE JAPYTUMH METOJIaMU (HAMpPEeCCOBKA METaUIMYECKHUX
JeTanell Ha XpyTKUe U3IeTHs U3 CTeKIIa U KepaMUKH, 00padoTKa JaBJICHUEM JeTalleH,
3aKJTIOYEHHBIX B T€PMETUYECKHE OOOJIOUKM M3 CTEKJa WJIM IIacTMacc, o0paboTKH
CIUTABOB, TPYJIHOACHOPMUPYEMBIX OOBIUHBIMU CTIOCOOaMu). BO3MOXHOCTH TOYHOTO
JO3UPOBAHMS SHEPIHH, 3a1lacacMO B eMKOCTHOM HAKOITHUTEJIE, ITO3BOJISET TOJTy4aTh
JIeTau ¢ OOJIBIITON TOYHOCTHIO TOBTOPEHUS UX (POPMBI.

B Tex cmydasix, Korga MarHUTHO-UMITYyJIbCHasi 00paboTKa OCYILECTBIsETCA 3a
CYeT B3aMMOJICHCTBUS TOKAa B MHIYKTOPE M HABEJACHHOIO TOKAa B JAeQOopMHUpYyeMOun
3aroTOBKe, HEOOXOAWMMO, YTOObI  KOHCTPYKIIMS ~ 3arOTOBKM  OOecrednBaia
HENPEPbIBHOCTh MYTH HABEIEHHOIO TOKa (OTCYTCTBOBAJIM MPOPE3U WM OOJIbIINE

OTBEPCTHSA).
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3. Onucanue yCTaHOBKHU

Pabora BBINONHSETCS HaA CTEHJE, NPUHLMUIIMAIBHAS JJIEKTPUYECKas cXeMma
KOTOPOTO IIPUBEJICHA HA pHUC. .2.

CTeHZl COCTOUT M3 CIIEIYIOIUX 3JEMEHTOB: CUCTEMa MHIYKTOP-3aroTOBKa 3,
KOMMYTaTOp 2, €eMKOCTHOW HAKOIUTEIh DHEPTUHU 6, 3apsaHOE YCTPOHUCTBO S5, OJIOK
MO/KUATAIOIIMX UMITyJIbcOB | u myneT ympaiaeHuss 4. IlutaHue ycTaHOBKHU
OCYLIECTBISIETCS OT CETH IIEPEMEHHOro TOKa HampsbkeHueM 220 B depes
npenoxpanurenu [P n naketHsii Beikmtouatens 11. PerynupoBanue HanpsokeHus Ha
nepBUYHON 00MOTKe TpaHchopmaropa T ocyuiecTBisieTcss aBTOTpaHCPOPMATOPOM
AT. 3apsaka €MKOCTHOTO HAaKONUTENS SHEPIMM OCYIIECTBIAETCS OT BTOPUYHOU
oOMoTkn T wuyepe3 BempsAMuUTenb B 1 orpannuuBaromue pesuctopsl R, m Ry
Bxrouenne kommyTaropa 2 ocyuiecTBiseTcs oT 6oka 1 mocne Haxatus kHonku K.
Curnanuzanus 0 HaJIMYUU HaNPSOKEHUS TMTaHUs CTEH/a, Ha MepBUYHON 0OMOoTKe AT
n Onoka 1 ocymecrBusercs nammnamu JI; u JI, coorBercTBeHHO. KOHTpOIB
HanpsikeHHs Ha Bbixojie AT oCyllecTBIAETCs 0 BOJbTMETPY V. BennuuHa 3apsgHoro
HaIpsHDKEHUs Hakomurtens 6 ompenensercs Mno npudopy, NpOorpaiydpOBAHHOMY B
KUJIOBOJIBTAX M BKJIOUEHHOMY uepe3 Aenurelsb HanpsbkeHus R; - Ro. Peructpanus

TOKa B pa3p;1nH0171 LCIIH HAKOIMUTCIIA OCYIICCTBIIACTCA IIPpH
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noMoimy IyHTa Ry. ABapuiiHbIl pa3psyi HAKOMMUTENs DSHEPIMH UM CHSTHE
OCTaTOYHOTO HAMNPSDKEHUS TOCTAE OTKJIIOYEHHUS YCTAHOBKU IPOU3BOIAMUTCS
BKJIIOUEHHEM KOPOTKO3aMbIkaTeNsi K4 ¢ 37IeKTpOMarHUuTHBIM MPUBOJIOM.

4. 3aaHrie Ha CaMOCTOSITENIbHYIO MOJTOTOBKY
1. U3yunTs onricanue 1ab0paToOpHON PabOThI, pEKOMEHIYEMYIO TUTEPATYPy.
2. PaccunTaTh MakCUMaJIbBHOE 3HAUYEHUE TOKA pa3psAla MarHUTHO-
VMMITYJIbCHOM YCTaHOBKHM IIPH CIIEAYIOIIMX mapamerpax paspsanHou nenu: C= 300
MK®D; U= 4 kB; uanykrusHocts ycraHoBkU L= 0,05 MKI'H; conporusnenue Ry= 5
MOM.
3. PaccuuTath rimyOuHY IPOHUKHOBEHHSI MATHUTHOTO TIOJIS, U3MEHSIOLIETOCs

!, B marepuan ¢ p=1,7-10® Om-Mm n

0 CHHYCOMIAJbHOMY 3aKOHY ¢ @ = 3-10° ¢
pPacCTOSIHUM MeXly HUMHU Ar = | MMm. OnipefienuTh OroHHY0 WHAYKTUBHOCTB 3TOU
cucrembl. Haiitn moronnyto dL/dx.

5. OmnpenenuTe >3JIEKTPOAMHAMMYECKYH) CHIIy B3aMMOJCHCTBUSA JBYX
MIPOBOAHUKOB ¢ TOKOM JMHOW 100 MM, mmpuHOi a= 40 MM Ipy MakCUMaJbHOM
3HAYEHUU TOKA, BHIYMCIEHHOM B 1.2. PaccuuTarh JaBlieHME MArHUTHOIO MOJIS B

JTAHHOW CHCTEME IIPOBOIHUKOB (Ar<<a).

5. 3ajanue Ha MPOBEICHUE PaOOTHI
1. YcTaHOBUTH 3aroTOBKY MEXIy KiIeMMaMud a - O B pa3psmHON IenH
yctaHoBku (puc. 2). Ilpum 3apsgHom Hanpsbkenuun U= 4 kB noiy4yuTs
OCIIMJIOTpaMMYy TOKa B pa3psaHON 1enu. PaccunTaTh MHIYKTUBHOCTh YCTAaHOBKH
L,.
2. YcTaHOBUTH MEXIY KieMMaMH a - 0 MHAYKTOp. CHATh OCHUIIIIOTPAMMY
Toka paspsaa. I[lo ocuwuiorpaMme ¢ y4eToM pe3yiabTaroB 1.1 ompeaenuThb

BCIIMYMHY MHAYKTHUBHOCTU UHAYKTOpA.
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3. [Tomectuth B uHIyKTOp 3aroToBKY Nel. [To ocumimorpamme Toka paspsiia
ONPEEIUTh HHAYKTUBHOCTh CUCTEMBI MHAYKTOP-3aroToBka Nel.

4. Ilponenath Takue ke dKCnepuMeHThI ¢ 3aroToBkamu Ne2, No3, Ned p NoS5.

5. IlocTpouTh 3aBUCUMOCTh UHAYKTUBHOCTH CUCTEMbI MHYKTOP-3arOTOBKA,
OMpEeIeJICHHON B 1.4, OT BETUYUHBI paJInyCca 3arOTOBKHU.

6. YCTaHOBUTH MEXK]y KJIE€MMaMH a-0 CHUCTEMY U3 JBYX MPOBOAHUKOB IS
MarHUTHO-UMITYJIbCHOM 0OpabOTKM C TMPONMYyCKAaHMEM TOKa MO 3aroTOBKE.
VYcTaHOBUTE MaTpUIly psAIOM C oOpabaThiBaeMbIM MPOBOAHUKOM. [Ipu 3apsigHom
Hanpsokenun U= 4 kB mpousBectu nedopmupoBanHue 3arotoBku. [lo
OCIMJIOTpAMME TOKa OIPEIETUTh BEIUYMHY TOKA W PACCUUTATh [IaBICHUE
MarHdTHOTO TMOJis Ha 3arotoBKy. CpaBHUTh TOJYYEHHBIH pe3yiabTar C

PaCCYUTAaHHBIM B m5 HpGI[BElpHTGJIBHOﬁ IIOATOTOBKH.

6. KoHTpOsbHBIE BOIIPOCHI
1. Kakue snektpodu3ndeckue sBICHUS UCIONb3YIOTCS B YCTAHOBKAX IS
MarHUTHO-UMIYJIbCHOM 00paboTKU MaTepruanoB?
2. Kak paccuuTblBaeTCsl 3JIEKTPOJAMHAMMYECKAss CUjla B CHCTEME
IIPOBOJAHUKOB C TOKaMu?
3. Yem onpenensercs ryOMHa IPOHUKHOBEHUS 3JIEKTPOMArHUTHOTO MOJIS
B Marepuai’?
4. Kak omnpenensiercs NaBJI€HHE HMIYJbCHOIO MAarHUTHOTO TMOJS Ha
MPOBOASNILYIO ITperpany?
5. Yem ompenensitorcs TpeOOBaHUS K TapaMeTpaM MarHUTHO- UMITYJIbCHBIX
YCTaHOBOK?
6. Kak paccuuteiBaeTcsi MexaHuuyeckas paboTa TIpu MepeMelieHUU

IIPOBOJAHUKOB C TOKOM?
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HaHeceHne nopomKOBBIX TOJIMMEPHBIX IIOKPBITUI B KaMepax
C DJIEKTPUYECKUM KHUIISAILIUM CI0EM
1. ens paboTe

O3HakoOMJIECHME C TEXHOJOTMEM M YCTPOMCTBAaMHM JUI1 HAHECEHUs
MOPOIIKOBBIX MOJMMEPHBIX MOKPBITHI B JIEKTpUYECKOM noJie. 3yueHnue nponecca
HAHECEHUs MOKPBITHIA HA U3/1eNINs B KaMepax € AJIEKTPUUYECKUM KHUIIAIIUM CJIOEM.

2. IIpenBapuTelbHbIE CBEACHUS

TexHOI0rusl HaHEeCEHHs MOPOLIKOBBIX IMOKPBITHI B 3JIEKTPUYECKOM IOJIE
HaXOAMT IIMPOKOE MPUMEHEHHE MPAKTUYECKU BO BCEX 00JIACTSIX MPOMBILIUIEHHOTO
IPOU3BOJACTBA, TIA€  HYXHO  IOJy4YaTb  3alIUTHBIC,  JEKOPATHBHBIE,
AIEKTPOU3OISALUOHHBIEC, XUMCTOUKHUE U JIP. HOKPBITUA. TEXHOIOTHYECKUH ITPOLIECC
NOJIyYEHUS! TOKPBITUNA U3 MOPOILIKOB 3aKJIIOYAETCS B COOOLIEHUH 3IEKTPUUYECKOTO
3apsiia YaCTULIAM TUDJIEKTPUYECKOTO MOPOIIKOBOI0 MaTepUaia, OCaXKACHNUE UX MO
JNEUCTBUEM DIIEKTPUYECKUX CHJI M3 a’po30JIbHOrO 00JlaKa, OKPYXKAIOIEro
3a3eMJICHHOE W3JelMe U 3aKperieHue HaHeceHHoro cios. CdopmupoBaHHOE
MOPOIIKOBOE  TOKPBITUE a pe3yjbTaTe IMOCIeAyroueil  TepMooOpabOTKu
pacCIUIaBIISIETCS, CIIEKAETCS WM TOJMMEPU3YETCS M MPEBPALIAETCS B MOHOJIUTHYIO
IJIEHKY.

[TopomkoBbI€ MOKPBITHS JAIOT YKOHOMHYECKYIO BBITOTY POU3BOJIUTEIIO JI0
30 % 1O CpaBHEHUIO C TOKPBITUSIMHU, MOJYYAeMbIMH C TIOMOIIBIO >KMJIKHUX
JAKOKPACOYHbIX MaTepuanoB. OHU CYIIECTBEHHO YJIYYIIAKOT JKCILUIyaTallMOHHBIC
XapaKTepUCTUKU H3AeNuil ¢ mokpelTuaMmu. I[IpenmyinectBa obecrieunBaroTcs 3a
CYET:
- MPAKTHUYECKH MOJHOT0 OTCYTCTBHUSA MOTEPh MOKPHIBHOTO MaTEpHaa;
- HWCKJIFOYEHUS W3 TEXHOJOTMU OKPACKM JOPOTOCTOSAIIMX M 3arpsA3HSIOIINX
OKPYXKAIOLIYI0 CpeAy PacCTBOPUTEIEH;
- BO3MOKHOCTH IIOJYy4Y€HHUs MOKPBITHS TOMLUHOM 40 MKM M BBIIIE 33 OJUH LIHKII
HaIlbUICHHUS],;
- BO3MOXHOCTM TIOJYYEHHMs] TOKPBITUH C HOBBIMHM, OO0J€€ BBICOKUMHU

9KCIUTyaTalMOHHBIMH XAapPAaKTCPUCTUKAMU 3a CUCT IIPUMCHCHHUA B Ka4CCTBC
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MOKPHIBHOIO MaTrepuaja BEIIeCTB M COCIMHEHUH, KOTOphle IepepadboTarh B
MOKPBITHE MOXKHO TOJILKO C UCII0JIb30BAHHEM TTOPOITKOBOM TEXHOJIOTUH,
- BBICOKOU TTPOU3BOJAUTEIILHOCTH, YIyUIIEHUS YCIOBUNA TPYIa U JP.

B texHOMOrMM HambUICHUS TOPOIIKOBBIX MOKPHITUH B HACTOAIIEE BpEMs
WCITOJIB3YIOTCS CJICTYIOITNUE MAaTePUAJIbl: STTOKCUIHBIE CMOJIBI, SITOKCHUIIOINA(PUPHI,
MOJIMATUJICHBI, TIEHTAIIaCThl, (TOPOILIACTBI, AKPHWJIBI, TOJUBHHIIOYTHPAIb,
CTEKJIOAMAJIH U JP.

3apsIKy YacTHIl MOPOIIKOBOIO MaTephajia B YCTaHOBKAaX ISl HAITBUICHHSI
OCYIIECTBJISIOT, UCIOJIB3YS JIBA METOAA: HOHHYIO 3apsaKy (OCa)KJeHUE MOHOB U3
o0beMa rasza B 10Jie KOPOHHOTO pa3psiia) U CTaTUUYECKYIO 3JIEKTpu3aIuio (0OMeH
3apsgaMd  MEKIYy CaMHUMH  YacTHIlaMH W JAPYTHMH  TeJlaMH TIpH WX
KOHTaKTHUPOBAHUN).

KoponHbIi  pa3psiqa  BO3HMKAET B JJIEKTPOAHBIX  CHUCTEMAx €
PE3KOHEOTHOPOIHBIM ITOJIEM HTJIa - THNIOCKOCTH | JIP.). 30Ha HOHU3AINH, B KOTOPOU
COCPEIOTOYCHBI JJICKTPOHBI M HOHBI, 3aHUMaeT HeOOoIbIION 00beM BOJIHU3U
AJIEKTPOJIAa C MAJBIM pagnycoM 3akpyrieHus. OCHOBHYIO YacTh MEKIJICKTPOIHOTO
MPOCTPAHCTBAa 3aHMMAET BHEIIHSAS 30HA KOPOHHOTO paspsna, B KOTOPOH
COCpPEOTOYCHBI WMOHBI OJHOTO 3HAKa, OTCYTCTBYET HMOHHU3AIMSA M IMPOUCXOIUT
3apsaKa YaCTHUIl JUDJIEKTHYECKOTO (HalpuMep, MMOJIMMEPHOTO) TTOPOIIIKA.

CymiecTByeT J1Ba BHJIa YCTPOWCTB IS HANbUICHUS TOPOIIKOB B
AIIEKTPUYECKOM TI0JIC: C TIOMOIIBIO pachblIuTeNeH (puc. 1) U ¢ TOMOIIBIO Kamep C

AIEKTPUYECKUM KHUIISIIIUM clioeM (puc. 2).

PI/ICYHOK 1 — Hanecenue IMOKPLITHUA C ITIOMOIIBIO PACIIBIIIUTCIIA.
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PI/ICYHOK 2 — Hanecenue IMOKPLITHUA B KaMCPC C KHUILAIIHUM CIIOCM.
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B nepBom Bapuante (puc. 1) OCHOBHBIM 3JIEMEHTOM YCTAaHOBKHU SIBJISIETCS
PYYHOM WIIM CTAIllMOHAPHBIN pacnbutuTeNb. [lopoliok moaxBaTeiBaeTCs U3 103aTOpa
2 TOTOKOM BO3/yXa, TPAHCIIOPTUPYETCS MO NUIAHTAM, IPOXOIUT PACIbUIATEND 1 €
pacnbUIMTENbHBIM comuioM. Ha BbIXOe pacmbuidTelNiss 00pa3yercsl a’po30JIbHOE
o0axo. 3a3eMJICHHOE U3/ene 3 TOMEIIAIOT B BBITSKHOM IIKady TakuM 00pazom,
YTOOBI a3p030JIbHOE 00JIAKO JOCTUTAJIO €ro MOBEPXHOCTU. BHyTpM pacnbuinTess
WM B 30HE PACHbUTUTEIBHOTO COIIa YCTAaHABIMBAETCA KOPOHUPYIOUTUE DIIEKTPOIbI
4. HauOosiee 4acTo KOPOHUPYIOIIUN AJIEKTPOJ HU3TOTABIMBACTCS B BUJIEC HIJIBL.
[Tocne mnogauM TOCTOSHHOIO BBICOKOTO HampshKeHUs  (IPEUMYIIECTBEHHO
OTPHUIIATEIHHOM MOJISIPHOCTH) Ha KOPOHUPYIOITUH 3JIEKTPOT 4 IPOUCXOAUT 3apsiKa
MOPOIIKA U OCAXKIEHUE 3apSyKEHHBIX YaCTULl U3 00JIaKa Ha 3a3€MJIEHHOM W3JI€TIUU.
DNEKTPUYECKOE T0JIE, BO3HMKAIOIIEE MEXKIy HUIJIOM M 3a3€MJIICHHBIM H3JEJIHEM
o0OecreynBaeT CHJIOBOE BO3/ACHCTBUME HA 3apsHKEHHBIE YacTULBl U SIBISIETCS
OCHOBHBIM (haKTOPOM, 0OECTIEUMBAIOIINM OCaXACHUE UX U3 (hakesla Ha U3IEIIUE U
(dbopMupOBaHUE CII0S MOKPBITHUA. BoNbIyI0 posib B 3TOM MPOIECCE UTPAIOT TaKKe
CHJIBI DJIEKTPOCTATUYECKOTO PACCESTHUSL CaMOTro 00JIaKa 3apsyKEHHbBIX YaCTHUL.

Bo BTopom Bapuante (puc. 2) Juisi HaHECEHUS HCIOJIb3yeTcs Kamepa C
DIEKTPUYECKUM KHISIIUM CJIOEM . 3a3eMJIEHHOE wu3laenue | mnomemarTr B
JUAJIEKTPUUECKYIO KaMepy, COJEPKAILYI0 TOPUCTYIO IEPETOPOAKY 2, HA KOTOPYIO
HACBHINIAIOT MOPOIIKOBBIM Marepuainl 3. BHyTpu ciosi mopolika yCTaHOBIIECHBI
BBICOKOBOJIBTHBIE 3JIEKTPO/1bl 4. [Iopo111ok nepeBoAUTCS BO B3BEILIEHHOE COCTOSTHUE
npy M30BITOYHOM JIaBJICHWHM BO3AyXa TOJ TMOPHUCTON MEperopojakon. YacTuiisl,
HaxOoJsIIMECs B BHUXPEBOM JBUKEHHUHM B KHUIAIIEM CJIO€, IMOJYy4YaroT 3apsijg B
OCHOBHOM IPH KOHTAaKT€ C BBICOKOBOJIbTHBIMHU 3JIEKTpoAamMu. B snekTpuueckom
MOJ€ MEXKIY BBICOKOBOJBTHBIMH JJEKTPOAAMU W U3JIEIUEM MPOUCXOJIUT
paszieNeHue YacTull MO 3HakaM 3apsaaoB (3apsiibl MPOTHUBOIOJIOKHOTO 3HaKa
o0pa3yloTcs B CJO€ 3a CYET COYyJapeHMsl YacTHUIl MEXIy cOOO0M M CO CTEHKAMH
KaMephbl), BBIHOC 3apsOKEHHBIX YacTHIl B 00bEM KaMmepbl HaJ IMOBEPXHOCTHIO
Kursiero ciosi. Takum oOpa3oM Becb 00beM KamMepbl OT MOBEPXHOCTU MOPUCTON

MNEPEropoakn A0 H3ACIIUA OKa3bIBACTCA 3aIIOJIHCHHBIM B3BCIICHHBIM ITOPOIIKOM.

209



Takoe coCcTosIHME MOPOIIIKA B KAMEPE HA3bIBAECTCS DJIEKTPUUECKUM KUIISIIIUM CIIOEM.
[Ton BO3IEUCTBUEM BJIEKTPUUECKOTO IO MPOUCXOIUT OCAXKICHUE 3apPSKEHHBIX
YaCTUI] Ha U3JETUH U (POPMUPOBAHUE TIOKPHITH.

Ha npakTuke 351€KTpOCTaTUYECKHE PACHBUIATENN UCIOIB3YIOTCA Yalle, T.K.
OHU SIBIIAKOTCSI YHHUBEPCAIBHBIMU YCTPOWCTBAMH, [UJI1 HUX HE CYIIECTBYET
OTpPaHUYCHHM 110 rabapuTaM, CTENIEH! CIOKHOCTH MPOQUIISI TOBEPXHOCTU U3 ICITHSI.
Kamepsl kUnsiniero ciiosi B CHIIy yCJIOBHUS BBIHOCA 3apSIKEHHBIX YaCTHUIL K U3JEITUIO
MOJ, JCWCTBUEM JJIEKTPUYECKOTO TIOJsI MMEKT OTrPAHWYEHHS II0 BBICOTE
MOKPBIBAEMOTr0 u3Jenus. BricoTa HE AOKHA MPEBBIIATE ~5 CM. DTH yCTpOICTBa
WCIIOJIB3YIOT JIJIsl HAHECEHUSI TOKPBITHS Ha MaJlorabapuTHBIE JIETalu TUIa KOPITYyCOB
PaIMO3JIEKTPOHHBIX AJIEMEHTOB, IOJYYEHHUs Ia30BOM M30JSALMHU BJIEKTPUUYECKUX
MAaIlllMH MajJol MOIMHOCTH W Jp. [IpemMymiecTBaMu KaMep C KUIAIIUM CIIOEM
ABJISIIOTCSL NPOCTOTA, HU3KUE KalMTAJIbHBIE 3aTPAThl, BO3MOKHOCTh MOJIYyYEHUS
nokpbituii 10 100-200 mkm 3a Bpemst | - 3 ¢ (BbICOKast MPOU3BOAUTEIBHOCTB).

PaccMoTpuM  OCHOBHBIE  MPOLECCHI,  COMPOBOXKAAIOIINE  HAHECEHUE
ITOPOIIKOBBIX MOKPBHITHH.

1. 3apsaka yactuu. Ilpu HanbUIEeHWH PACOBUIMTENSIMH CIEAYET HMETh

OTUETJIMBOE MPEACTaBICHUE, KaK JOJDKHA PETYJIUPOBATHCS U OT KakuxX (pakTopos

3aBUCHT BEJIMYMHA 3apsafa. 3apsj (], IpuoOpeTaeMblil B I0J€ KOPOHHOTO pa3psia

YacTULIEH panycoM A M3 MaTepuasna ¢ JUDJIEKTPUYECKON NMPOHHULAEMOCTBIO Em,

OIIPCACIIACTCA N3 BBIPAKCHUA

q=qm'S M
rjae m - OpeaenbHbIA 3aps
3-¢
=4ng,— ™= -a’-E 2
qm 0 Sm +2 ( )

&— KO3 (UIMEHT CTENEeHW HEAO03apSAIAKM YaCTHLl, YKa3bIBAIOUIMI, Ha CKOJBKO

HCO03apsAKCH ITOPOIIOK ITO CPAaBHCHUIO C TCOPECTUYCCKUM IIPCACIIbHBIM 3apsAaA0M J1JIs

210



UCIOJIb3yeMOW KOH(DUTypalli MEXKIIEKTPOJHOTO MPOMEXYTKA, MPU BBIOPAHHOMN

HaIIPAKCHHOCTU 3JICKTPHUYCCKOI'O IIO0JIA E , BI)I6paHHOM BpPEMCHH 3apsaKn t IIpu
pCaJIBHOP'I IIJIOTHOCTHU TOKaJ .

_ )t
4e,-E+]-t

3)

AHanm3upysl MPEACTABICHHBIE BBIPAKEHUS, MOXHO YCTAaHOBUTH, YTO IS
YBEIMYEHHS] 3apAlla YacTULl HEo0XOJuMa YBEJIMYMBATHh  HANPSKEHHOCTh
IIEKTPUYECKOTO MOJIs, INIOTHOCTh TOKA KOPOHHOTO pa3ps/ia U BpeMs 3apsIKH.

2. IIpoueccel B ocakaeHHOM ci0€ nopomka. [1o Mepe HapacTaHus TOJNIIAHBI
CJIOSI TIOPOILKA HA TIOBEPXHOCTH U3JEIUs HANPSIKEHHOCTD 3JIEKTPUYECKOTO MO B
CJIO€ BO3pAcCTaeT 10 MPOOMBHBIX 3HAUCHMN. Bo3HUKaomuye pa3psiHbIe SIBJICHUS B
ClIo€ TOpPOUIKAa HOCSAT Ha3BaHUE "OOpaTHBIM KOPOHHBIM pazpsa’. Bpems 1o
BO3HUKHOBEHUSI 0OpaTHONM KOPOHBI HAXOAWUTCS W3 YCJOBMS HAKOIUJICHHS 3apsijia B

CJIO€ U BbIUMCISAETCA 110 hopMyJIe:

8¢, 'SCH-EHP

ty = : : 4
J

rne Ecng - OTHOCUTEIbHAA AUDJICKTPHUYCCKAsA IMMPOHUIACMOCTD ITOPOIITKOBOI'O CJIOA,

BbIYHUCTsieMas 110 hopMyJie:
Ecn— gm'Kyn R )

rae Kyn - koodduument ynakosku, xapakrepusyroniuii IopucTocTh cliosi, paBeH

OTHOHICHHUIO TOJIIHWHBI OINIABJICHHOI'O ITOKPBITHA K TOJIIHWMHEC HCOINIABJICHHOTO

CJIO.

h A
K . — Ol'IJ'I: mOC , (6)
© h,, h.y,-AS

cl

rjie Ym - IWIOTHOCTH MaTepHaia nopouika; B - koodduuuent, nsmenstonuiics ot

B =1 ana xamep ¢ xunsmmm coem u TpHOOIEKTPUIECKHX pacIbLINTeeH 10 B
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= 2 JUIs1 DJIEKTPOCTATUYECKUX PACIIBUIMTENEN C BHEIIHEH 3apsiAKOM MOPOIIKa.

[Ipu 00paTHOM KOPOHHOM pa3psje U3 MOPOUIKOBOTO CJIOS BHEIIHUM
AIEKTPUYECKUM IOJIEM B TPOCTPAHCTBO HAJI CIOEM MOPOIIKA BBITSITUBAKOTCS HOHBI,
MIPOTUBOIIOJIOKHBIE TIO 3HAKY 3aps/laM ocaxkiaromuxcsi yactuil. MoHsl oOpaTtHOM
KOPOHBI Pa3pspKAKOT NOJICTAIONIME K W3JEJIHI0 YAaCTHUIIBl, B PE3yJbTaTe INagacT
IJIOTHOCTH IOTOKA MACChl OPOIIKA, OCAXKIAIOIIETOC HA U3JEIUE, U 3aMEISIETCS
pocT ToNUHBI ciosi. Kpome Toro, mosiBieHne pa3BUTOr0 0OpPaTHOrO KOPOHHOTO
paspsiia BbI3bIBa€T 0Opa30BaHUE KPATEPOB B MOPOIIKOBOM CJIOE, YTO YXYAIIAET
Ka4eCTBO IOJIy4aeMOT0 OIJIaBJIEHHOTO MOKPBITHS.

IIpy OoCBOEHMM OCHOB OpraHM3alMy IIpollecca HAaNbUICHUS B Kamepax ¢
KHUISIIIUM ~ CJIOEM MPaKTUYECKU HMHTEpEC MPEACTABISIET COIMOCTaBICHUE
IIPOLIECCOB, MPOTEKAIIMX B KaMepe C XapaKTEPUCTHUKAMH IIOJyYArOIIETrOCs
nokpeITUsi. B Tedenne 1-2 ¢ B kamepe npeodiaaeT HalpaBiIE€HHOE JIBH)KEHHE T10
TPAEKTOPHSIM, OJU3KUM K CUJIOBBIM JIMHMSIM 3JeKTpudeckoro mnous. [lokpeiTre B
3TO BpeMs Mojydaercs poBHbIM. (C yBEJIMYEHUEM BPEMEHU HAIbUICHHS B
nepupepuitHpIX ydyacTkax 00beMa KaMmepbl BO3HHKAET BUXPEBOE [BHXKCHHE W,
CIYCTSl IPUMEPHO 5 - 6 C Takoe JBMKEHHE CTAaHOBUTCS NMpeo0iIalaroliuM, U Ha
MOBEPXHOCTH MOPOILIKOBOIO CJIOS HA U3/I€ITMU MOYKHO HaOII0AaTh MECTHBIE OTPBIBBI
MOPOIIKA, KpaTepbl, T.6. HMEET MECTO MHTEHCHUBHAs oOpaTHas KopoHa. BOmm3u
MOKPBIBAEMOT'0 U3JIENINsI MOKHO HAOJI01aTh CBEUCHHUE, CBA3AHHOE C IpoLeccaMu
PEKOMOMHAIIMY MOJOKUTEIBHBIX U OTPULIATEIBHBIX 3apsSA0B. BpeMst mpoxoxaeHus
YKa3aHHBIX CTAJW{ MPOLECCAa YMEHBIIAECTCA NpPH YBEIMYEHHH HANpPsHKEHHOCTH
AIIEKTPUYECKOTO MOJIS.

Pe3ynbTarhl CONOCTABIEHUS ATUX MPOLECCOB UCIONB3YIOTCA MPU OTPAOOTKE
Ha [IPaKTUKE TEXHOJIOTMYECKUX PEKMMOB HAITBUICHHUS B KAMEPAX C AIEKTPUUYECKUM
KUISIIIUM CJIOEM.

[TapameTpsl pe:KMMOB HaNbLJICHUS, HAMOOJIEE XapaKTepHbIE JJI1 KaMep:

- pacCTOSIHUE MEXY dJEeKTpoaaMu & - 15 cm;
- BBICOTA HAMbUIIEMOT0 u3zienus - He 6osiee 30 MM (Oe3 BpaleHus);

- CpeHsIs HAMPSKEHHOCTh JIeKTprudecKoro mous 3,5 - 5 kB/cwm;
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- rTyOMHa NOTPYKEeHUSI SJIEKTPOIOB B KUMISIIIMIA ciioit 1 - 3 cMm;
- BpeMs HanbuieHus: 2 - 30 c;
- TOJIIIMHA TIOKPBITUS HE MeHee 70 MKM.
3. Onucanue yCTaHOBKHU

JlaGopaTopHBbIil CTEH], cCXeMa KOTOPOTO MpUBEAeHA Ha puc. 4.3, BKIIOYAET
KaMepy C JJIEKTPUYECKUM KHUIIAIIUM CJIO€M 1, BBIIIOJIHEHHYIO M3 OpPICTEKIa U
YCTaHOBJICHHYIO B BBITSDKHOM Ookce cTeHaa. [1oj Bo3ayxonpoHuiiaeMoi KphIIKOn
KaMepbl YCTaHOBIJICHO 3a3€MJICHHOE M3JeTHe - Kpyr u3 amomuaus & 115 mm.
BrIcokoe HampspkeHue B KaMepy | Mmojaercsi OT BBICOKOBOJIBTHOIO MCTOYHMKA 2,
BKJIFOYAEMOT0 4epe3 peiie BpeMeHH 3. VICTOuHuK 2 cHaOXKeH perucTpUpyroUuMu
npudopamMu HaIpsKEHUST U TOKA HArpy3KH U PETYISATOPOM ITHUX MapaMeTpoB.
Bo3nyx B kamepy | momaercs ot kommpeccopa 4 mapku C0-45b, xoTOpbIit
YCTAHOBJIEH MOJ1 JAOOPAaTOPHBIM CTEHJOM. BO31yX M3 BRITSI)KHOTO OOKCa yCTaHOBKU

3a0MpaeTCs MbLUIECOCOM 5.
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Jlns orutaBieHUs TMOKPHITUM B YCTAaHOBKE MPEIyCMOTpPEHA AJIEKTpOIedb 6 MapKu
CHOJI 2.5x2.5%2.5.

Ha nynpTe ynpaBiaeHHs YCTaHOBKM CMOHTHPOBAaHBl KOMMYTHPYIOIIHE
ammaparthl, a TakXKe amnmapaTrypa KOHTPOJS BKIIIOUCHHSI OTACIBHBIX JJICKTPUUCCKUX
nenei B coorserctud ¢ I[1VD.

4. 3amanue Ha TIpeIBapUTEIbHYIO MTOATOTOBKY

1. O3HaKOMUTBCS C JaHHBIM OIHUCAHUEM.

2. Kakwe Buabl 3apsIKd YacTHUI[ HCIOJB3YIOTCS TPH DJIEKTPOCTATHUECCKOM
HaIbIJICHUN?

3. PaccuuTath BpeMs BO3HMKHOBEHHS OOpaTHOrO KOPOHHOTO pazpsja s
PACIBUIATENS C IUIOTHOCTBIO TOKa | = 20 MKA/M? ¥ KaMephl, ¢ IIOTHOCTBIO TOKa 15

MKA/ M%. TTopomok mapku I1-DI1-219, qusnekTrudecKkas MPOHULAEMOCTh MaTepuaa
Ev=4, Yu=l.4r/em . Cumrars Kyy=0.4.

5. 3agaHue Ha MPOBEJICHUE PAOOTHI
1. O3HakOMHUTBCS C Ja0OPATOPHBIM CTEHAOM, M3YyUYUTh HMHCTPYKLHIO TIO
AKCILTyaTaluu. BKIIIOYUTH M€Yb.
2. W3yuuts Harnsgaele mnocoOus. Onpeaenutb, s KaKUX HW3ACIHM,
BBIITYCKAaEMbIX U3BECTHBIMHU BaM MTPOU3BOJICTBAMU U MIPEANPUATUIMU 11€71€CO000pa3HO
HCTOJIb30BaTh TEXHOJOTHIO TTOPOIIKOBOTO HAIBIJICHHUS.

3. OTKpBITh BBITSKHOM OOKC, CHSITh BEPXHIOIO KPBIIIKY KaMepbl, 3aMEPHUTh
BEICOTY N mopomkosoro cinos. Ecim h<2 cm, nockmars nmopourok B kamepy.

4. Bxirounths kommpeccop. OTperysmpoBaTh 3a)KMMOM pacxol, BO3AyXa TaKUM
oOpa3oM, 4TOOBI B KaMepe CYIIECTBOBAJ KHIIAMMN cloi mopomka. OOpaTuth
BHUMAaHHE HA CIIEYIOIINE MOKA3ATENN KUTICHUS TOPOIIKA:

- 00beM, 3aMoJTHEHHBIA MOPOIIKOM IMPU KHUIEHWH JIOJKEeH cocTtaButh 1.3 - 1.5 ot
[IEPBOHAYAJIBHOTO;
- Ha TOBEPXHOCTH KHIISIIETO CJOS JAOJDKHBI OTCYTCTBOBAaTh MECTHBIE JIOKAJIbHBIC
IIPOPBIBBI BO3AYXA;

- IpU TOKAYMBAHUAX KaMephbl IMOPOLIOK B HEH JOJKEH JIErKo ''mepenuBarhbes',
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COXpaHss MOBEPXHOCTh NPAKTUYECKN TOPU30HTAIILHOM.

5. BBIKIIFOYHATH KOMIIPECCOP.

6. YCTaHOBUTH AETallb HA 3a3€MJIEHHOM JIepKaTelie, 3aKpbITh KaMepy, JIBEpILY
BBITSDKHOTO OOKCa, BKJIIOYUTh UCTOYHHUK BBICOKOTO HaNpsKEHUs, HAXKaTh KHONKY PB
U JIEpKaTh €€ OJTHOU pyKoH. [[pyroii pykol ycTaHOBUTH HamnpspkeHue 25 - 30 kB, Tok
0 - I MxA. OTOyCTUTH KHOIIKY.

7. IlpousBectn mnpoOHOE HANbUIEHHWE, BKIIOYUB JUIsI 3TOTO  IBLIECOC,
KOMITIPECCOP, UCTOYHUK BBICOKOTO HANpPsLKEHMsI, HAKaTh KHONIKY PB u ngepxate ee B
Ha)KaTOM IIOJIOKEHHUU 1O 3aropaHusl JIAMIIOYKH, YCTaHOBJICHHOM HaJ KHONKON PB.
KHOIIKY OTIIyCTHTB, OTKIIFOUUTB BCE LIETIH, KpOME IIeUYH U nbliecoca. CHATh BEPXHIOO
KPBIIIKY KaMepbl, CUHCTUTh HIETKOM MOPOIIOK C JAeprKaTeis JeTaad B KaMepy.
3anoMHUTh KaKOTO BUAA OBl HANBUIEHHBIN CIIOM.

8. YCTaHOBUTh CBEMHYIO €T 115 MM Ha cuCTEeMYy KpEIUICHHUS.
IIpousBectu Bce onepanuy 1o 1. 7. M3nenue akKypaTHO CHATh U IOMECTUTH B I1€Yb
ITIOKPBITUEM BBEPX. 3aceub Bpems. Uepe3 15 MUHYT AeTanb ¢ MOKPBITUEM BBIHYTH U3
IEYH.

9. YcTaHOBUTH HOBYIO JAETallb M BBINOJHUTH M. 7 U §, YCTAaHOBUB BpeMs
HanbuieHus (BpeMs Haxxatus kHonku PB) 10 c. 3apukcupoBaTh M13MEHEHHE BHEILIHETO
BH/J1a TOKPBITHS JI0 U ITOCJIE OIJIABICHUS I KaXK10M HAalbUIIEMOM AETAJIN.

10. Hanmpumute mnokpeiThe Ha neranb B tedeHue 10 - 30 c. BusyansHo
OTNpEeAENuTh, KaKUM 00pa3oM MEHSETCS XapakTep [BWKEHHUS 4YacTull a oObeMe
KaMepbl, KOIZa BO3HUKAET M KaK paclpOCTPAHSAETCS CBEYEHHE B Kamepe, KaKUM
00pa3oM MEHSIOTCSl TOK W HaIpsHKEHUE B pa3IMYHble MOMEHThHI BPEMEHHU HANbLUICHUS.
OueHuTb BpeMsi BOSHUKHOBEHHsI 00paTHOW KOpOoHBL. CUHCTUTH MOPOIIOK ¢ 0Opasia
o0paTHO B Kamepy.

11. YBenuuuth Hanpsikenue 10 30 - 36 kB, Tok 5 - 10 MKA 1 mpoaHanu3upoBaTh

110 an6opaM, KaK M3MCHAIOTCA BO BPCMCHHU JJICKTPHYCCKUC IIapaMCTPhI IIPOICCCa,

KaK M3MEHSETCs BHEITHUI BUI IOKPHITUS TIpH pukcupoBanusix t=1;2;4; 6; 10 c.

12. I3MepuTh TOJIIMHBI TIOKPHITAS O MHKPOMETPOM B 6 TOUKAX ISl KAXIOM
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J€Taju, ONPEEIUTh CPEAHEE 3HAUCHUE TOJIILIMHBI TIOKPBITUS U CPEAHEKBAAPATUUHOE
OTKJIOHEHUE.

13. OpopmMuTh pe3yabTaThl U3MEPEHUN U BU3YaJIbHBIX HCCIEAOBAHUN B BUIE
OTYeTA.

6. KOHTpoOJIbHBIE BOIPOCHI

1. BO3MOXHO 1M cOYETaHWE pPA3NUYHBIX METOJIOB 3apSAKH IOPOLIKOBOTO
Marepuala B yCTPOMCTBAX JJIsl HAHECEHUS OKPBITHIA?

2. Kak mensercs k03(pQUIHEHT yIaKOBKU CIIOSI TOPOIIKA MPU BOSHUKHOBEHUU
B HEM OOPAaTHOTO KOPOHHOIO pa3psiia?

3. CymiecTBYIOT JM OTpaHWYEHUS IO rabapuTaMm U3JETUs MPU HAHECCHUH

IMOKPBITHUA B KaMCpPax C SJICKTPUICCKUM KHUILAIIUM ciioem?
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METOJIUKA SKCITEPUMEHTAJIBHBIX NCCJIEJJOBAHHM.
YYEBHOE ITOCOBUE

JUTsl 00y4aroIIKXCs MO HaMpaBlIeHNIO MoAroToBkH 35.04.06 ArpounxeHepus,
pouIib « INEKTPOTEXHOIOTHH U DIIEKTPOOOOPYIOBAHUEY

Mapuna Muxaitnona be3zyOiieBa
Brnagumup Cepreesnu Boskos

Koppekrop Axyrtuna C.A.
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