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1. KOHCHEKT JEKOUM
1. 1 Jleknus Nel (2 gaca).

Tema: «Teopust moxodmus 1 MOICTUPOBAHUE»

1.1.1 Bonpocel JieKum:

1. UcTopuueckas cripaBka

2. Maremarudeckoe u puznueckoe mogoodue
3. Teopembl mom00us

4. MonenupoBaHue

1.1.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. UcTopnueckasi cnpaBka

OKoJ10 cTa MATHACCSTH JIET Ha3aJ BO3HUKIIA HOBast 00JIaCTh HAYYHOTO 3HAHMS — YUCHHE O
MOJ00MH SIBIICHUIA.

['ernanpHOE NIpeABUICHUE ATOW HaykH ObLTO BhIckazaHo HetoTroHoMm B 1686 r. Ho ToNbKO
B 1848 r. Unen Qpanmysckoit akagemuu Hayk Kosed beprpan BrnepBble yCTaHOBUI OCHOBHOE
CBOMCTBO TOJIOOHBIX SIBIEHUH, CGHOPMYIMPOBAB TEPBYID TEOpPEMYy IMOAOOUS, TEOpeMy O
CYIIIECTBOBAaHUH MHBAPUAHTOB MOI00MS.

[TomoOHBIMU HA3BIBAIOTCS SIBJICHHS, MPOHMCXOISAIINE B TEOMETPHUUYECKH IMOAOOHBIX
CHUCTEMAax, €CJIM Y HUX BO BCEX CXOJICTBEHHBIX TOUYKAX OTHOIICHUS OJHOMMEHHBIX BEJITUYUH €CTh
MOCTOSTHHBIE YHCJa. DTH OTHOIIEHUS, TaK Ha3bIBA€MbIE€ KOHCTAHTHI MOAO00MsS, HE MOTYT OBITh
BBIOMpaeMbl MPOU3BOJILHO, TAK KaK BETUYHHBI, XapaKTEPHU3YIOIINE SBICHUE, BOOOIIE TOBOPS, HE
HE3aBUCHUMBI JIPYT OT JIPyra, a HaXOATCS B OMPENCIEHHON CBS3M, OOYCIOBICHHOW 3aKOHAMHU
npupoabl. Bo MHOTHX ciydasx 3Ta CBs3b MOXET OBITh BBIpRXKCHA B BUIEC ypaBHEHHs. Jliis
MOJAOOHBIX MEXIy COO0OH SBIEHWH OHO JODKHO HMMETh OJWHAKOBBIM BuaA. Hamumume Takoro
«YpaBHEHHS CBSI3W» MEXKIy (DHU3UYECKUMH BEIUYMHAMH, XapaKTePU3YIONIMMH SIBJICHUE,
Hajaraet onpenenéHHOe OrpaHUYCHUE Ha BEIOOP KOHCTAHT MOI00MS.

OTH OTHOIIEHUS, TaK HA3bIBAEMbIC KOHCTAHTBI MOAOOMS, HE MOTYT OBITh BBIOMPAEMBI
MPOU3BOJILHO, TaK KaK BETMYMHBI, XapaKTEPHU3IYIOIIUE SBJICHHUS, BOOOIIIE TOBOPS, HE HE3aBUCUMBI
JpyTr OT JIpyra, a HaXOAATCS B ONPEACICHHOHN CBs3U, OOYCIOBICHHOW 3aKOHaMHU MpUpoisl. Bo
MHOTHX CIydasx 3Ta CBS3b MOXET ObITh BBIpa)KCHAa MaTEMaTHYECKU B BUJIEC ypaBHeHHs. s
MOMOOHBIX MEXIy COOOW SBICHHI OHO JOMKHO MMETh OJWHAKOBBIA BuA. Hammume takoro
«YpaBHEHHS CBS3U» MEXKAYy (OU3NYSCKUMH BEIUYMHAMH, XapaKTEPHU3YIOIIMMHU SBIICHUE,
HaJIaraeT ONpeeICHHOE OrPaHUYCHIE Ha BEIOOP KOHCTAHT MOA00US.

beptpan BbIBenm mepByrO TeopeMmy MOA00Msl JuUIsl ciaydas TOJ00MS MEXaHWYECKHX
SIBIICHHI.

Ucxons w3 CylecTBOBAHMSI MaTEMAaTHYECKOW CBSA3M MEXKAY CHJIOM, Maccol u
YCKOpEHHEM, YCTaHaBIMBAeMOM BTOPhIM 3akoHOM HproToHa, bepTpan nokaszan, 4ro y noJo0HBIX
SBJICHHM KOMIUIEKC BEJTMYMH: «CHia*yiMHa/Macca®*CKOpOCTh B KBAJpaTe» MMEET OJHO U TO JKE
3HAQYCHUE B CXOJICTBCHHBIX TOYKAaX IOJAOOHBIX SIBJICHHH. OTOT KOMIUICKC Ha3bIBaeTCs
WHBApUAHTOM, WJIH KPUTEPUEM MEXaHUYECKOTO MOoa00us. B mpupose CyIecTBYIOT TOJBKO Te
M0I0OHBIE SIBJICHUS, Y KOTOPBIX KPUTEPUU OJIMHAKOBHI.

Ecnu Ob1 pu3mveckoe ypaBHEHHE CBSI3M MOXKHO OBLIIO ObI IPeoOpa3uTh Tak, 4TOOBI OHO
OBLJIO COCTABIIEHO M3 WHBAPHAHTOB IMOJOOWS, TO 3TO OBUIO ObI 00Iee ypaBHEHUE, YHCICHHO
OJMHAKOBOE ISl BCEX MOAO0OHBIX SBICHUM.



Bropas wucropuss momoOus ycTaHaBIMBACT BO3MOXKHOCTH TaKOro TMPeoOpazoBaHMUS
(U3UYECKUX YPaBHECHUM.

Ona Obuta BeIBeeHa pycCKuUM yueHbIM A. @enepmanom B 1911 r. U HECKOJIBKUMH
rojamu 1nosxe, B 1914 r., amepukaHCKUM y4eHbIM ByknHTIMOM.

B 1925 r. T.A. AdanaceeBa-OpeHdect BbIBesla 00€ TEOpeMbl I Ciiydass HOJ00Hs
JTI00BIX SBJIIEHUH TPUPOABI M TOKa3aja, 4YTO KpPUTEPHAbHOE ypaBHEHHUE COJAEPKHUT, KpoMe
KPUTEPHEB-KOMIUIEKCOB, COCTABJICHHBIX M3 IMEPEMEHHBIX BEJIUYMH, €IIe KPUTEPUU KPaeBbIX
BEJIMYMH U CUMILUIEKCHl — OTHOILIEHUS OJAHOMMEHHBIX BEIMYMH (HampuUMep, OTHOILIEHUS IBYX
CKOPOCTEH, XapaKTepu3ymIIuX sBiieHne). TeM caMbIM y4eHHE O CBOMCTBAaX MOJOOHBIX SIBICHUI
B OCHOBHOM OBLJIO 3aBEPIIICHO.

Toruac mocnme BbIBOJAa TMEPBOM TEOpeMbl OHAa Hayala HAaXOJUTh IPAKTUYECKOE
npuUMeHeHue Il 0O0paOOTKU OMBITHBIX NaHSIX B KpuTepusx nomobus. OcOopH Pelinonbiac
BBIPA3WJI 3aKOH JBMDXKEHUS >KUJKOCTH MO TpyOaM onHOM oOmieit Gopmyioid, depe3 KpUTEpHid
nonobusi, Ha3BaHOU B MocieACTBUU ero uMeHeM. (Okazaaoch BO3MOXXHBIM OOBEIUHUTH TaKUM
IyTEeM BCE YHCICHHBIC JAHHBIC OMBITOB MO THAPABINYECKOMY CONPOTHBICHHIO, TPOBEICHHBIX
pa3TUYHBIMU HUCCIIEZIOBATENSIMU Ha BOJE, BO3JyXe, Mape, pa3iiMuHbIX Maciax u T.4. Ppyx,
U3y4yas MOPEXOIHbIE KauecTBa Cy/I0B Ha MOJAEIAX, IPEACTABUI PE3yJIbTaThl ONBITOB HAJ HUMHU B
BUJIE KPUTEPHUATILHOTO YPaBHEHHUS, KOTOPOE MOXKHO ObUIO pPACIpOCTPaHUTh Ha Cyna, MOA0O0HBIE
10 CBOCH reOMeTpUYecKoil KOH(UTypaluu UCTIBITAHHBIM Mojes M. Harr Bergaronuiicst yaeHsli
H.E. ’KykoBckuii mo0Xui1 TEOPHUIO TIOI00KS B OCHOBY KPUTEPHAIBHONW 00pPabOTKH OMBITOB HaJl
MOJIEJISIMU CaMOJIETOB, TPOAYBAEMbIX B a3pOAMHAMHUYECKON TpyOe, AJIs TOrO, YTOOBI PE3yIbTaThl
OTIBITOB MOHO OBLIIO MEPEBECTU Ha MOJOOHBIE MOJIETISIM CAMOJIETHI.

Bropas Teopema y3akoHHIIA 3Ty IPAKTUKY.

Kputepun mnonoOus BBIBOAATCS M3 ypaBHEHHUS CBs3u. llosTomy nis modydeHHs
KPUTEPHAILHOTO YpaBHEHHUS HAJ0 3HATh ypaBHEHHE, CBSA3BIBAIOIIEE MEXIY COOOM BETMUMHBL,
XapaKTEepU3YIOIINe paccCMaTpUBAaEMOE SIBJICHUE.

Jns GonpIIMHCTBA (PU3MUYECKUX SBICHUWA YpaBHEHHs CBS3M  HaleHbl B (opme
muddepeHIMaTbHBIX YPaBHEHUH, OJJTHAKO MOJIYYUTh HHTETPAJIbHbIE PEIICHUS UX YAA€TCs TOJIBKO
JUIS OTACTBHBIX YaCTHBIX ciiydaeB. lloaTomMy Kputepuu mogoOusi, Kak MpaBUiIO, BBIBOJISATCS U3
nudepeHIAIBHBIX YPaBHCHUH CBS3U, W TPEOOBAJIOCH €Ie MOATBEPIUTH, YTO KPUTEPHH,
BBIBEJICHHBIC M3 TMPOUHTETPUPOBAHHBIX YPABHEHUH, OCTAIOTCA Te JK€. OTO OBUIO CIelaHo
I1.K.KonakoBbIM.

Taxum 06pa3om, 0ka3aioch BO3MOKHBIM PE3YJIbTAThI ONBITOM HAJ| SIBJICHUSMH BBIPAXaTh
B KPUTEpUSAX MOA00MS, MONyuyeHHBIX M3 IuddepeHnaNbHbIX ypaBHEHUHN, aHATUTHYECKOE
pelieHre KOTOPBIX HEe YAaJ0Ch HAWTH.

Jlis Toro yToOBI UMETH MPABO MEPEHOCUTDH JaHHbBIE OIMBITOB, MPOU3BEIECHHBIX Ha OJHOM
o0BeKTe, HA JApPYyrue, eMmy MOJO0OHBIE, B BBIBOJAX TEOPHUH IMOAOOWS HE XBaTajo €Ile OIHOTrO
Ba)XHOTO 3BEHA.

IlepBas u BTOpast TeOpeMbl OBUIM BBIBEJICHBI HA OCHOBE IMPEIIOI0KEHHUS, YTO peUb HJIIET
0 SIBIICHUSX, MOJI00ME KOTOPBIX 3apaHee u3BecTHO. OOe Teopembl yCTaHABIMBAIOT CBOWCTBA
NOJOOHBIX SBICHH, HO OHM HE YKa3bIBAIOT CIIOCO0A Uil ONpeNeNIeHusl TOro, MOJA00OHbI U J1Ba
KaKUX-HUOY/b, CpPaBHUBAaEMBIX MEXIy cOOOMH, sBIeHHS. Bo3HHKaeT Bompoc, MO KakuM
NpPU3HAKaM MOXHO y3HATh, UTO SIBJICHUS OJOOHBI IPYT JAPYTY.

OTBeT maeTcs TpeThel TeopeMoit oI00usl.

TpeTbst Teopema yCTaHABIMBAET YCIOBHS, HEOOXOIMMbIE M JOCTaTOYHBIC IS TOTO,
yTOOBI SIBJICHUS OKa3aJMCh MOAOOHBIMH npyr Apyry. dopmymupoBka ee Obuia gana M.B.
KupnnuessiM 1 A.A. I'yxmanom, a nokazatenscTBo TeopeMsl — M.B. Kupnngessim B 1930 1. (8).

Enunuunoe sBlieHUE BBIIEISETCS U3 TPYIIbI SBICHUM, MOMAYUHSIOUIMXCA OJAHOMY U
TOMY K€ YpPaBHEHHIO CBS3HM, NPUCOCIUHEHHWEM K HEMY YCJIOBUH OJHO3HAYHOCTH, WM
MOHOBAJICHTHOCTH. B Mom0OHBIX SBICHUSAX BXOASIINE B YCIOBUS OJHO3HAYHOCTHU BEIMYUHBI,
MOHOBAJICHTHI, OYEBHUJIHO, TOJKHBI OBITh MOI00HBI. [lanee, cormacHo mepBoi Teopeme, peaabHo



CYIIECTBYIOIINE MOAOOHBIC SBICHUS TOJKHBI UMETh OJMHAKOBBIC KPUTEPUU, B TOM YHCIE U
COCTaBJICHHbIE MOHOBAJICHTOB.

TpeThbs TeopeMa JTOKa3bIBACT, UTO JIBA ITU MPU3HAKA JTOCTATOYHBI JJIsI TOTO, YTOOBI UMETh
MPAaBO CUUTATH SBJICHUS MOJOOHBIMU.

CrhenaHHbIi UCTOPUYECKHI OTOOpP IMOKAa3bIBAET, YTO YYEHHUE O IMOAOOMH, COCTOSIIEe
NEepPBOHAYAJIbHO B U3YYEHUU CBOMCTB MOJOOHBIX SIBJICHMI, MOCTENEHHO CHAEIAIOCh YUEHHUEM O
MeToax 00paboTKH (HPU3NYECKUX OMBITOB. DKCIEPUMEHTATOP CTABUT Mepes co00W cleayromme
BOMNPOCHI: KaKWe BEIMYMHBI HaJ0 U3MEPATH B OMNBITE, KaK CleayeT 00padaTbiBaTh pPe3yJbTaThl
OTIBITA M HA KAKHE SBIICHUS UX MOXXHO PACIIPOCTPAHSTH.

Teopus mogo0us JaeT OTBET HA BCE TPU BOMpoca.

1) N3mepuTh HaO BCE BEMTUYHHBI, KOTOPBIE BXOSAT B COCTaB KPUTEPUEB TO00MS.

2) OOpabarbIiBaTh pe3yiabTaThl OMNbBITA  HAIO0 B BHJE 3aBUCUMOCTH MEXIY
KPUTEPHUSMHU TOJOO0US JUIsI TOTO, YTOOBI MOXKHO OBIJIO PAacHpOCTPAaHUTh UX Ha BCE MOJOOHBIE
SIBJICHUS.

3) [TomoOue ke MX MOXHO Y3HaTh MO MOJAOOMI0 MOHOBAJICHTOB W OJAMHAKOBOCTH
MOHOBAJICHTHBIX KPUTEPUEB.

[Tpumenenne Teopuu MO00Us K SKCIIEPUMEHTY Pa3BUBAIOCH B IBYX HAINPABJICHHSIX.

C onHOH CTOPOHBI, TEOpPHUs MOMOOMS TMPOHMUKIA B (PU3MKY M CTajla HAYYHOH OCHOBOM
¢usnueckoro sxkcnepuMenta. C Ipyroii CTOPOHBI, OHA HAIlJIa MPUIOKEHUE B TEXHUKE, OTKPHIB
BO3MOXXHOCTh M3y4aTh pa3InYHbIC TEXHUYECKUE YCTPOIICTBA HA MOJIETISX.

Mexny o0OMMH HampaBlIEHUSMHU HENb3sl MPOBECTH PE3KYI TpaHMIly, TaK Kak
9KCIIEPUMEHT B (PU3HKE YacTO CTAaBUTCS HaJ MPOLECCAMH, MPOTEKAIOIIMMH B Pa3IMYHbIX YacTsIX
TEXHUYECKUX YCTPOMCTB, MOJEIH K€ MOTYT OXBaThIBaTh TAK:KE HE TOJIBKO IENIbIE TEXHUYECKHE
00BEKTBI, HO W OTHAEIbHBIE YacTH MX. TakuM oOpa3oM, TeOopus MOI00Ws ciaenagach HAy4IHOU
OCHOBOI OJTHOBpEMEHHO KaK (PU3NYECKOT0, TAaK U TEXHUYECKOTO IKCIIEPUMEHTA.

OcymiecTBUTh BCE YCIOBUS TMOAOOMS, HajaraeMble TPEThEeW TEOpeMOM, 4acTo ObIBaeT
OYCHb TPYAHO.

[ToaToMy pa3BUTHIO MOACIUPOBAHUS BechMa crocoOcTBoBan paspaborannsiii B CCCP
METOJI HE TOYHOTO, a MPHUOIMKEHHOTO MOJACIUPOBAHUS, KOTJa COOTIOAIOTCS HE BCE YCIIOBUS
nofodust U B MOJENH TOJIy4aeTcss ¢ JOCTATOYHOM MJIsi MPAKTHUKU TOYHOCTHIO MPUONIMKEHHOE
nojgo0ue.

DKcrepuMeHTalIbHas MpPOBEpKa MPUOIMKEHHOTO METOJa MOJEIHMPOBAHUS IMPOBEIEHA
ObL1a B UPOKUX Tpenenax M.A.MuxeeBbIM U pSAIOM JPYTUX COBETCKHX yUEHBIX.

Wuoraa uccienoBaTeNnio MPUXOJUTCS BCTPEUAThCS C SIBJICHUSIMH, HACTOJIBKO CIIOKHBIMHU
U HEW3yYeHHBIMH, YTO HX HE YAAeTCS BBIPA3UTh IMOCPEICTBOM MaTeMaTHYeCKUX (HOpMyn u
COCTaBUTh YpaBHEHHE CBS3M MexXay ¢Gu3MuecKuMU BenuuuHamu. Jlns cioywaeB, Korna
OKa3bIBAETCSI BO3MOXKHBIM yYCTaHOBUTH T€ (PM3MUECKUE BETUYHHBI, KOTOPBIC TOJKHBI OBLTH OBI
BOWTH B ypaBHeHHE cCBs3H, X.beprpan B 1878 r. mpemnoxun MeTOJ, MO3BOJISIOMIMN U3
COOOpaXeHWl 0 Pa3MEpPEHHOCTH OTACIbHBIX UYICHOB (DM3MYECKOTO YpPaBHEHHS OTTajgaTh BHI
KpUTEPUEB MOA00US U MO100paTh SIMIIUPUUECKOE YpaBHEHHUE CBSI3U JJI1 HUX. DTOT MyTh MEHEe
HAJICKEH, U €T0 CIIEIyeT MPUMEHSITH TOIBKO MPU HEBO3MOXXHOCTH BHIBECTH YPAaBHEHHUS CBS3H.

Tak kak y4eHHe O pa3MEpHOCTH JIeKaT B OCHOBE (PU3UUECKUX YpaBHEHHI, TO C HETO MbI
¥ HAYHEM U3JI0’KEHUE YUCHHS O TI0I00UH.

2. MaremaTnueckoe u (pu3nieckoe noaodue

Bceskoe sBieHne mpupoabl NpeacTaBiseT co0oil cucteMy MaTepuaibHBIX Tell, KOTopas
MIPETEPIIEBAET ONPENCIICHHOE U3MEHEHHUE COCTOSIHUS, IOCKOJBKY B HEW MPOTEKAIOT PA3IUYHBIE
IIPOLIECCHI.

SIBneHusIMHM, TOJOOHBIMH JpPYr IPYTY, Ha3bIBAIOTCA CHCTEMBI TeJ, T'€OMETPHUECKU
NO0OHBIE APYT APYTY, B KOTOPBIX MPOTEKAIOT MPOILIECCHl OJMHAKOBOM MPUPOJIBI U B KOTOPBIX
OJTHOMMEHHBIC BEJIMYMHBI, XapaKTEePU3YIOIIHWE SIBICHHUS, OTHOCATCA MEXIy Co00l Kak
IIOCTOSIHHBIE YUCIIA.



NubiMu CJIoOBaMH, MOXKHO OHpeI[eJII/ITB HOI[OGI/IG SBJICHUA TakK: ABJICHHUC, HO,Z[O6HO€
33JJaHHOMY, MOXET OBITh TOJYYCH ITyTEM TaKOTO €ro MpeoOpa3oBaHus, KOTa pa3Mep KaKIoH ee
BCJIIMYUHBI N3MCHSCTCA B OHpCHGHeHHOG YUCIIO pa3

Takoe mpeoOpa3oBaHNME HA3bIBACTCS TTOJOOHBIM MPEOOpa30BaHUEM SIBJICHUS.

[lonarue momoOHOro mpeoOpa3oBaHUsl TEPBOHAYAIHLHO BO3HHMKIO B T€OMETPHH, T
TaKUM ITyTEM TOJIYYaloTCs TOJ00HbBIC (PUTYPHI U Tejla; OTHOIICHHE JIFOOBIX CXOJHBIX OTPE3KOB B
HUX paBHO OI[HOMy 148 TOMy XE HOCTOSIHHOMy ‘II/ICJ'Iy Cj, TaK 4TO MOXHO CKa3aTb, 4TO TCJIO,
MoI00HOE TIEPBOHAYAILHOMY ITOJIYYCHO MyTeM H300paKeHUsS €ro B WHOM TI€OMETPHUYCCKOM
Maciraoe.

[ToHsITHE «MEXaHWYECKOE IMOJOOME» MPEXkIEe BCEro BKIIOYACT B CeOs T€OMETPHUECKOE
nonodue cucTem, 3aTeM — KHHEMaTHIeCcKoe 1o1o0ue: MoApa3yMeBaeTcs, YTO B TIOOBIX CXOIHBIX
TOYKAX CHCTEM CKOPOCTH JBMIKYIIMXCS TEJI MapaluiebHbl W TPONOPIMOHAIBHBI APYT IPYTY,
T.€C. HTO OTHOLIICHUS Me)KI[y nux CKOpOCTﬂMH OMHAKOBO BO BCEX TOYKAX CUCTCMBI. ECJ'II/I CUCTEMaA
COCTOHUT M3 OTJCIBHBIX JTUCKPETHBIX YACTHI], TO Y MOJOOHBIX SIBICHHA MACChl TOXXE OTHOCSATCS
MEXIYy COOOH Kak TOCTOSHHOE YHCIIO; €CIH K€ HWMEET MECTO TEUYCHHE CIUIONIHOIO Tela,
KaIeJbHOW WM Ta3000pa3HON KHJIKOCTH, TO INIOTHOCTH W KO3((UIIMEHTHI BI3KOCTH BO BCEX
CXOHBIX TOYKaxX HO,Z[O6HBIX CUCTEM UMCHOT IMOCTOSITHHOC OTHOIILICHUC.

Jlanee moHATHE MEXaHUYECKOTO IMOI00MS BKIIFOYAST B ce0s JMHAMHYECKOE 1M0100He, T.€.
HapaHHGHBHOCTB 148 HpOHOpI_II/IOHa.HBHOCTB CHUJI B CXOACTBCHHLBIX TOYKAX.

TerioBoe mojo0OMe TOJApa3yMeBaeT IMPOMOPIHOHAIBHOCTH APYT JPYTYy  BCexX
xapaKTepmy}ome TCIIJIOBBIC SABJICHUSL BCJIINYHH: TeMnepaTyp, TCITJIOBBIX IIOTOKOB,
TEIJIOEMKOCTEH, K03 (OUIIMEHTOB TETIONPOBOIHOCTH H T.]I.

O06o03Ha4asi OTHOIIEHUE PACCTOSHUN MEXIY F€OMETPUYECKH MOAOOHBIMH TOYKAMH, T.C.
CXOJICTBEHHBIX OTPE3KOB JUTHH JBYX IMOJOOHBIX CHCTEM, Yepe3 Cj, CKOPOCTEH — Cy, MACC — Cpy, CHII
— Cf ¥ T.J., MOXKHO JIaTh MaTeMaTHYECKYyI0 (pOPMYINPOBKY MOHATHS 110100 B BUAE CIEIYIOLICH
CUCTEMBI PABCHCTB:
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NepBOE U BTOPOE MOJAOOHBIC SIBJICHHUS.

Koadh dunmeHTsr mpornopuroHaIbHOCTH Cj, Cy U T.JI., HA3BIBAIOTCS KOHCTAHTAMU TOJ00MSI.
Jnis KaXaoro pojaa BEIMYMH OHU HMMEIOT CBOIO OCOOYI0 YHCJICHHYIO BEIHYMHY; TOITOMY
KOHCTAHTBI 1T0JI00USI IMEIOT COOTBETCTBEHHBIE TIOJICTPOYHBIE 3HAYKHU, TTOKA3BIBAIONINE, K KAKOTO
poJia BeTMYMHAM OHH OTHOCSITCS.

O0600m1as cka3aHHOE, MOXKHO T0/100Ue SBICHHI ONMPEAETUTh, KaK MPOTOPIHOHATBHOCTh
Opyr JOpyry BCEeX BEIMYMH, XapaKTepPH3YIOUIMX sBJIEHWE, npudeM KodddummeHt
MPOMOPIMOHAILHOCTH COXPAHSIET TOCTOSHHOE 3HAYeHHE BO BCEX TOYKAX CHCTEMBI ISt
OTIPENICIICHHOTO HAWMEHOBAHMs BEIMYWH, HO SBISACTCS PA3IHMYHBIM Ui BEIMYMH Pa3HOTO
HAUMEHOBAHMSI.

!/ ! n ”n
B oOmem Buae nepexon ot X, ,..., X, BEIUYHH OAHOTO SIBJIEHUS K X, ,..., X, BEIMYUHAM
JIPYroro, €My Mog00HOTO0, MOXKET OBITh BBIPAXKEH YPABHECHUEM

' ni=n

— k
X —CX[_ X . .
i=1
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DTO nepBOEe OCHOBHOE YPAaBHEHHE TEOPUU MOI00US.
KoHcTaHTBI TOAOOMST COXPAHSIIOT CBOE 3HAYCHHUE ISl JIFOOBIX CIydaeB OTHOUICHUS
CXOJICTBEHHBIX Benu4uH. Hampumep, ecau [” u ["— CXOICTBEHHBIE OTPE3KH JBYX MOJAOOHBIX
CHUCTEM, UMEIOT MECTO PABEHCTBA:
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M, CJIEIOBATENbHO, OTHOWEHHE Benuuud ["/I'=c, MOXKHO 3aMEHHTh OTHOILICHUEM

MO0BIX APYTMX OTPE3KOB MPU YCIOBUH, YTO 3aMEHA 3Ta JUIS JFOOBIX MOAOOHBIX SIBICHUM
JenaeTcs OJMHAKOBBIM 00pa3oM. DTO TaK HA3bIBAEMOE MPABHJIO 3aMEILICHHS OMHHUX BEIHYUH
JAPYTUMHE TOTO K€ HAUMCHOBAHUSI.

Takyro 3aMeHy MOXHO Je7IaTh ISl BCEX JPYTHX BEIUYUH, Hampumep w'/w' W.T.1.

B nanbueiimem yacto Oyner BcTpedarbest auddepeHuanys BeTuIuH.

Ha HHMX TakXe MOXHO pacHpOCTPaHsATh MPaBUJIO 3aMELICHHs BEIUYUH. DTO NPaBHIIO
MOKHO IPUMEHATh, KOIZIa paccMaTpuBaeMasl Cpela IpPEeIoJiaraercs CIUIOMIHBIM TEJIOM, T.€.
Korja HaOJrofarenb UMEEeT JeJI0 C TAKUMM pa3MepaMi Tela, KOTOpble B OYEHb OO0JIBLIOE YHCIIO
pa3 IMpEBOCXOMAAT PACCTOSHUSA MEXIY MOJEKyJlaMu O, TaKk 4TO JUCKPETHOE CTPOEHHUE Tela
HE3aMETHO U MOXET He IPUHUMAThCSI BO BHUMAaHUE.

[lo ompenenenuto, nupdepennuan ¢pyHkuuu dy paBeH NPOU3BOJHOW, MOMHOKEHHOMN
nuddepeHIan He3aBUCUMON epeMeHHOH dx:

dy = f'(x)dx.
3neck dx — Mpon3BOJIbHAS BEIMUMHA, KOTOPas B (PU3UKE AOJKHA JIEKaTh B Ipeesax
O << dx << Ax ,

T.€. OBITh 3HAUUTENBHO OOJbIIE PACCTOSHUM MEXJy MOJIEKYJIaMH, JUIsl TOTO, YTOOBI
MO’KHO OBLIO paccMaTpuBaTh TEJIO CIJIOIIHBIM, KaK KOHTUHYYM, U OJHOBPEMEHHO HACTOJIBKO
MaJlbIM, YTOOBI K HEMY C JIOCTaTOYHOM CTENEHbIO TOYHOCTU MOXKHO OBUIO MPUMEHATH (HOPMYIIbI
I depeHIMaTBHOT0, @ HE Pa3HOCTHOIO HcuucieHus. Takum oOpa3oMm, B pusmnke dx ectb Xo0Td
U OYEHb Majas, HO KOHEYHass BeJIUYMHA M, CIEJ0BATEIbHO, JOJDKHA paccMaTpuBaTbes, Kak
pa3HOCTh X2-X;. [IoaTomy

n
X, X X, —x _dx .
A 7 T ' = ¢,
Xy X Xy =X
[TonoOHBIM ke oOpazom dy=y,-y; H, CJIEIOBaTEIbHO, K HEMy MPUMEHUMO
" ”
14
Yo =N _dy _
7 T d , —Cy.
Yo =0 Y

BooOuie rosopsi, moJoOHBIX Ipyr ApYyry SIBJICHHM ObIBaeT HE [JBa, a 3HAUUTEIbHOE
KOJINYeCTBO. MBI Oy/ieM TOBOPHUTb, YTO OHHU COCTABIISIOT IPYITY [OJXOOHBIX SIBICHU.

CpaBHuBas Bce WIEHBI IPYIIbI C OAHUM SIBIEHUEM, KOTOPOE CIIY>)KUT 00pa3LioM JUIsl HUX,
3aMeyaeM, YTO IIpU Hepexoe OT OJHOro, NoJ0OHOro 00pasiia ABJICHUS K JPYroMy, K TPETbeMyY U
T.J. KOHCTAHTbI MOJ00Ms KaXAbI pa3 MOJy4yaroT ApPYyroe 3HAa4eHHE, COXpaHss B TO XK€ BpeMs
CBO€ CBOMCTBO — OBITh IIOCTOSIHHBIMHU BO BCEX TOUYKAaX Kax/10i cucTeMsbl, oJ00HOH 00pasiy.

OObenuHsAs mepexo] OT sABJIEHUsS o0pa3la KO BCEM IOAOOHBIM €My, Mbl MOXEM

” !

paccMaTpuBaTb €ro0 BBIPAKCHUE X, =cxixi KaK TIpYyHIIIOBOC Hp€06p330BaHI/IC SIBJICHHUA,

1

noapasymMmeBas 1nmoa KOHCTaHTOH Cx’ IOCJICA0OBATCIIbHO €€ 3HAUCHUA OJIA Bceit TpyHIibL HOI[OGHBIX

oOpa3ily BeJTUYMH.

[TogoOue sBIEHUI MOXHO BBIPA3HTh M JIPYTUM CIIOCOOOM: HE KOHCTaHTaMH MOJ00MS, a
MOCPEJICTBOM TaK Ha3bIBAEMbIX HHBAPUAHTOB MOJ00US.

[Tepeitnem ot aOCONMIOTHON CUCTEMBI €AMHUIL, OOIIEH SISl BCEX SBJICHUM TaHHOTO Kiacca,
K OTHOCUTEJIBbHOW CUCTEME, MPUTOJHOM TOJBKO Uil OJHOTO SIBJICHUS 3TOrO Kjacca. s 3Toro
BBHIOCpEM 32 CIWHUIBI HM3MEPEHUs BEIMYMH PAcCMATPUBAEMOW CHUCTEMBl 3HAYCHUS DTHX
BEJIMYMH B KaKMX-HUOYIb TOUKaX camoil cucTeMbl. OTMETHUM UX MOACTpOoUYHBIM HHACKCOM (0).
Torna Bee Benmuunbl ', w',m’ v gpyrue ajs NeEpBOro ABJICHHS I10Jy4aT YUCICHHbIE 3HAUCHHMS:

! ! !

w m
’, _ ’, _ !
_!:La I_Wa !_M

l Wo m,

U T.AO.



Eciii BO BTOPOM SIBJIEHMH 3a €IMHMI(BI M3MEPEHUS BEJIMYUH BLIOpATh MX 3HAUECHUS B
CXOJICTBEHHBIX IIEPBOM CUCTEME TOYKAX, TO X 3HAUECHHS B OTHOCHTENILHBIX €INHHUIAX OYIyT
14 "
l_” — L”; L” — W”
A Wo
U.T.JI.
OueBuano, L", W" u 1. 1. 6ynyr e ke, uro u L', W's nepsoii cucreme.

B camom ACJIC JICTKO BUACTH, UYTO
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HCpCCTaBHHH YICHBI IIPOIIOPIUHA, ITOJTYIUM
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To xe camoe TONyYUTCS AJIS JTFOOBIX JAPYTUX BEIUYMH, XapaKTEPU3YIONIUX MMOT00HBIS
SIBIICHUSL.

[ToaToMy 3HAUKH, OTMEUAOLIME, K KAKOMY W3 SBJICHUNA OTHOCATCS BeauuuHbl L, W u T.
1., MO’)KHO OTOpPOCHUTD, TaK KaK MpU MEPexoJie OT OAHOIO SBJICHHS K IPYroMy, eMy M0oJI00HOMY,
BCE BEIIMYMHBI, BHIPAKEHHBIC B OTHOCHUTENBHBIX CIWHUIAX U3MEPEHHS, OCTAHYTCS YHUCICHHO
IPEKHUMU.

NubiMu croBamu, OHUM SIBJISIFOTCS WHBapHaHTamMu monodus. bygem o0o03HauaTh 3TO
CBOMCTBO UX CJIOBaMH inv. (MHBapuaHT) win idem (To ke camoe).

CnenoBatenbHo, L=idem, W=idem unu 1151 00111€TO CITydast X X =idem.
X0

CrnexyeT yMeTh XOpOIIO OTIUYHUTH MOHSATHS «KOHCTaHTa MOMO0OUS» M «HWHBAPUAHT
[IOJO0OUSY.

Koncranra coxpaHnsieT mocTOSIHHOE 3HaYE€HUE BO BCEX TOYKAX CHCTEMbI, HO OHA JeJIaeTCs
JIpYro#, Korja ofHa rnapa noJgo0HbIX SIBICHUN 3aMEHSETCS APYTOM.

WNuBapuant nonobusi, Ha000POT, pa3iMyueH I Pa3HbIX TOUEK CHUCTEMBI, TOCKOJIbBKY OH
n300paxkaeT OJHY U3 BEJIMYMUH 3TOW CUCTEMBI, UMEIONIYIO pa3HOE YHCICHHOE 3HaYeHHE B Pa3HbIX
TOYKAX CHCTEMBbI; HO OH HE MEHSETCS MPU MEePexoje OT OJHOTO SIBICHUS K JI0OOMY Ipyromy,
nonobHomy emy. lMHaue roBopsi, OH COXpaHSIET OJJHO U TO e 3HAUCHHUE B CXOJACTBEHHBIX TOUKaX
BCEU IPYIIIBI TOJOOHBIX SBICHUMN.

B nanpHeiineM Mbl OyZeM MOJIb30BaThCs OMpeeIeHHeM MoJ00us U Yepe3 KOHCTaHThI, U
yepe3 UHBApPUAHTHI B 3aBUCUMOCTH OT TOTO, KAKOE OMPE/EICHUE MTPU PACCMOTPEHUH PA3THUHBIX
BOIPOCOB OKa3bIBAETCs y100HEE B CMBICIIE MPOCTOTHI U3II0KEHUS.

Bo3sBpamiasice k onpeaeneHu0 mogo0us yepe3 KOHCTAHTBI MOA00Us, OTMETHM, YTO Ha
NEepBBINA B3I BHIOOp BCEX KOHCTAaHT MOJOOMS MOXET Ka3zaThCs MPOU3BOJIbHBIM. Ha camom
Jene 9TO HE Tak. BeluuuHbl, XapakTepU3YIOIIUe pa3juvyHble SBICHUS, HE SBISIOTCS
HE3aBUCHUMBIMH JpYr OT Apyra. Yacto MexJay HUMHU CYIIECTBYET OMIpENeleHHAas CBs3b. JTa
CBsI3b, HAa3bIBa€Mas 3aKOHOM IMPHUPOABI, BO MHOTHX CIy4asX MOXET OBITh BBIpaKEHA B
MaTeMaTU4ecKoil popme B BII€ YpaBHEHUS.

Hanwuaue Takoro ypaBHEHHUs, NENAIONIETO OJHH BEIUYWHBI 3aBHUCHMBIMU OT JIPYTHX,
HaJaraeT U Ha KOHCTAHTHI MOA00US ONpeaeseHHbIe OTPaHUYEHUSI.

Haxoxxnenne  3aBUCMMOCTH ~ MEXJAY  KOHCTaHTaMH  MOAOOUS,  BBI3bIBAEMOM
CYILIECTBOBAaHHEM YpPaBHEHHMsSI, CBS3BIBAIOIIETO MEXIy COOON XapakTepusyIolue sBICHUE
BEJIMYMHBI, COCTABIISIET COJICPKAHUE TEOPEMBI MTOA00HUs, KOTOpasi OyJIeT U3JI0KeHa B CleIyrolen
TJ1aBe.

YpaBHEeHUsI, OMUCHIBAIONINE PA3INYHBIC SBJICHHUS MPUPOIBI, MOXKHO PaccMaTpUBaTh, KaK
UMEIONINE PA3TUYHYIO CTEIeHb OOIIHOCTH.



HaunbGonee ob0mue ypaBHEHHs, BbIpa)kalrollMe OOILIME 3aKOHBI IMPHUPOABI, TAaKHE, Kak
o0mue 3aKOoHbl MEXaHMKH, 3aKOH COXPAHEHHUS HHEPruH, MOXKHO Ha3BaTh YpaBHEHHUIMH,
OXBAaTBHIBAIOIIMMHU LBl Kilacc siBIEHUI. TakoBbl ObUIM ypaBHEHHUS, MPEICTABIISIONINE BTOPOH
3akoH HbloTOHa M mepBbI 3aKOH TEPMOAMHAMUKU. DTH OOIIME YpaBHEHUS MOTYT IOJIy4aThb
pa3iIuyHbIe YaCTHBIC BU/BI B 3aBUCUMOCTH OT TOTO, K KAKMM YaCTHBIM BHJIAM SIBJICHUU JTAHHOIO
KJlacca OHM OyayT mpuiaraTbes. Tak oOIue ypaBHEHHs MEXaHUKU NIPUHUMAIOT BUJ ypaBHEHUs
HaBne-CTokca B NMPUMEHEHHH K TEUYEHHMIO >KUIKOCTH, BHJ ypaBHEHHS KoJeOaHUU ympyroi
cpelpl U T. II. OTH BUABI SBICHUN COJEPKAT OTIEIIBHBIC CBOWCTBA OJHOTHUIIHBIX SIBICHHH,
OTJIMYAIOIIUXCS APYT OT Apyra TOJNBKO 3aJlaHUEM Pa3JIMYHBIX YCIOBUI OJHO3HAYHOCTU SBJIICHUM.
W, HakoHel, eAMHUYHBIC SBJICHHS BBIACIAIOTCA M3 CEMEHCTBA YUCICHHBIM 3aJlaHUEM YCIIOBHUMU
OJIHO3HAYHOCTH, KOTOPBIE I KaXKI0TO €AMHUYHOTO SIBJIEHUS CEMENCTBAa OYKBEHHO OJJMHAKOBBI,
HO YHMCJICHHO OTJIMYHBI JPYT OT Apyra.

B npanpHelimem CBONCTBO ypaBHEHUH CBsI3U, KOTOpPOE€ HajaraeT Ha HHUX Iojgo0ue
SBJICHUH, OyIeT u3naraTtbcs clepBa A caMblX OOIIMX 3HAKOB NMPHUPOABI M AN HUX OynyT
BBIBOJUTHCS TeopeMbl moao0usa. OIHAKO HE MEHbllee 3HaueHUue OyJeT MMETh INPHIIOKEHUE
o01ielt TeopuM MoA00Us K YaCTHBIM CIIy4yasiM M K €AMHUYHBIM SIBIECHUAM, TaK KaK TOJbKO TaAKHM
IIyTEM OKa)KETCS BO3MOXHBIM CKPBITh Hau0O0JI€€ BayKHBIE CTOPOHBI YUEHHS O OI00UH.

3 Teopembl moxo0us

st oGecrieueHnss MakCUManbHON 3((HEKTUBHOCTH (B IIMPOKOM CMBICIIE CJIOBA) JTIOOBIX
HKCIIEPUMEHTAIBHBIX HCCICIOBAHNN 3TH MCCIIEJOBAHUS HEOOXOJMMO OPTraHM30BaTh TaK, YTOOBI
MOKHO OBUIO ONpENEeNUTh KPUTEPUH TNOA00MS U TMPEACTaBUTH IOJTYYECHHBIE pPE3yJIbTaThl
KPUTEPHATBHON (PYHKIIMOHAIBHOW 3aBUCUMOCTH. Takol MOAXOJI MO3BOJIAET MPH OTPAaHUIEHHOM
YHclie OSKCIEPUMEHTOB JaTh OLEHKY XoJa I[pollecca WM TOBEACHUS CHCTEMBbl MpU
pa3sHOOOpa3HBIX COYETAHUAX MAPAMETPOB, UX XapAKTEPU3YIOIINX, U, CIEIOBATEIbHO, IMOIYIUThH
OTBETHI Ha TE€ JIOMOJHUTENbHBIE BOMPOCKHI, KOTOPhIE OOBIUHO BO3HHUKAIOT YXKE IMOCJIEe OKOHYAHUS
HKCIIEPUMEHTAIBHO-UCCIIE0BATENILCKAX U UCTIBITATEIBHBIX Pa0OT.

PaccmoTpeHHBIE TONOXKEHHS, OIHAKO, OTHOCSATCS K CIy4al0 3aBEIOMO TOJOOHBIX
MPOLIECCOB, T.€. OMPEACIAIOT HeoOXo0uMble YCI08UsL CYWecme08anusi noooobus. B cBs3u ¢ 3Tum
BO3HHUKAET €CTECTBEHHBI BOMPOC OTHOCHUTEIBHO TOTO, KakK pacmo3HaTh Moaodue wiu
CIEIHAJIbHO 00ECIEYUTh €ro IpPU MOCTPOEHUU MOJENH, T. €. BOIPOC 00 ycrnosusx, HE TOJIBKO
HeobXx00uMblX, HO B 00CMAMOUHBIX 05l CYUecmeosanus no0oobus. Takue yCIOBHs BKIIOYAIOT B
ce0st Hapsay ¢ TpeOOBaHHEM PAaBEHCTBA KPUTEPUEB MTOT00MS CONIOCTABIIAEMBIX ITPOLECCOB TAKKE
U OIpeJeNieHHbIE TOTOJHUTENbHbIE TPEOOBAaHUSA K YCIOBHUSM OJHO3HAYHOCTH — TpeOOBaHUS
000U HaYaJbHBIX M TPAaHUYHBIX YCIOBUH COMOCTABISIEMBIX MPOIECCOB (2 MPU COOIOICHUH
TeOMETPUUYECKOTO MOI00UsS — U MOA00US T€OMETPUUYECKUX XapPaKTEPUCTUK COOTBETCTBYIOIIMX
IIPOCTPAHCTBEHHBIX o01acTeit).

W3nosxeHHbIe BbIIIE TOJOKEHUS OTHOCUTENFHO HEOOXOAUMBIX U TOCTaTOUYHBIX YCIOBUI
10100Ms1 OOBIYHO CUCTEMATU3MPYIOTCSI B BHJIE IIEPBOM, BTOPOU U TPEThEH TEOPEM O MOJ00UU;
HepBbIE IBE TEOPEMBI OMPEACNAIOT HEOOXOAUMbIE, TPETbs — HEOOXOOUMBbIE M JOCTAaTOYHBIC
ycioBus nonoous (BeickasbiBaroTcss cOOOpaXeHusl, UTO TOJIBKO BTOPasi TeOpeMa 01001 MOXKET
paccMmaTpuBaThCsi Kak TeopeMa B TOM CMBbICJIE, B KaKOM OTO TOHATHE YHOTpeOisercs B
MaTeMaTHKe, a MepBas M TPETbS TEOPEMBI SBIAIOTCS MPABHJIAMH BBISBICHUS U OOECIICUCHHS
nonobus. B 1aHHOM M3T0KEHUU COXpaHseTcs Hanboliee paclpoCTpaHeHHAs TEPMHUHOJIOTUS —
BBesieHHOe enle M. HproToOHOM Ha3BaHue nepBOi TeopeMsl U npeanoxeHHoe M. B. Kupnnuessim
u A. A. 'yxMaHOM Ha3BaHUE TPEThEH TEOPEMBI).

Ilepsas meopema nodobus. B oCHOBHOW cOBpeMeHHOU (pOpPMYTUPOBKE, YUUTHIBAIOIICH
BO3MOXXHOCTH CYII[ECTBOBAHUS Pa3IMUHBIX BHJIOB MOA00MS, TIEpBas TeOpeMa UMeeT CIIeTyIOImnii
BUJ: SIBIICHUS, MMOJOOHBIE B TOM WJIM WHOM CMBICIE (IIOJHO, MPUOIMKEHHO, (U3NYECKH, Ma-
TEMaTHUYECKH U T. [I.), UMEIOT OIpe/IeJICHHbIE COUETaHUs TapaMeTPOB, Ha3bIBAEMbIE KPUTEPUIMU
noJo0us, YWCIEHHO OJIWHAKOBBIE M TOJNOOHBIX sBieHuWid. [lepBas Teopema momoOus
Ha3bIBaeTcCs Takke TeopeMor Herotona winu Herotrona—beprpana.



[lepBas Teopema mogoOust yTBEp>KOAeT, YTO IJsi SBJICHHH (OOBEKTOB, IMPOIECCOB),
HOJOOHBIX B TOM MJIM HHOM CMBICJE, CYIIECTBYIOT OJMHAKOBbIE KpUTEpUU MOH00US —
UJCHTUYHBIE 110 (OpMe aNredpanyecKoi 3alucu U paBHbIE YHCIEHHO Oe3pa3MepHbIE CTENIEHHbBIE
KOMILIEKCHI (TIPOM3BECHHSI WIIM OTHOLIEHMS) ONpEIENCHHbIX Ipynn (pu3nueckux (hakTopos,
XapaKkTepu3yromux 3Tu sBieHud. Dopmynupys HeEOOXOIHMMBbIE YCIOBUS CYIIECTBOBAaHUS
noo6us (OAMHAKOBbIE KPUTEPUH NOJ00MS Y MOJOOHBIX ABJICHUI), IIepBast TEOpeMa, OJJHAKO, He
YKa3bIBAa€T CIOCOOBI YCTAHOBJIEHHs IMOAOOMS M CIOCOOBI €ro pealu3aluy IpU MOCTPOCHUU
MoJene.

Bmopas meopema nooodus. B ocHOBHOW (OpMyNIHpOBKE dTa Teopema, daiie
BCTpEYaoLIasicsl IOJ Ha3BaHMEM T-TEOPEMbI, HMMEeT CIEAYIOIIMNH BHJ: BCSIKOE IOJIHOE
ypaBHEHHE (PU3UYECKOT0 MPOIIecca, 3aMCaHHOE B ONPEASICHHON CHCTEME €IMHHMII, MOXKET OBITH
IpEeICTaBICHO (DYHKIIMOHAIBHONW 3aBUCHUMOCTBIO MEXKIY KPUTEPUSAMHU MOJ00US, MOTydEHHBIMU
U3 YYacCTBYIOIIMX B IIPOLIECCE TaPaMETPOB.

Ota TeopemMa yTBEp:KJAeT, 4TO MOJHOE ypaBHEHHE (PU3UYECKOT0 MPoliecca, 3alMCaHHOE B
ONpeAenEéHHON cHUCTeME EAMHMI, MOXKET OBITh IPEACTABICHO 3aBUCHUMOCTBIO MEXAY
KPUTEPUSIMH TOJOOMS, T. €. 3aBHCHUMOCTBIO, CBS3bIBAaIOLICH Oe3pa3MepHble BETUYUHBL,
oIpezieIeHHbIM 00pa30M MOJIY4YEHHbIE U3 YYaCTBYIOIUX B MpoIiecce mapaMeTpoB. Tak ke Kak u
nepBasi, BTOpasi TeopemMa MoJ00HsI OCHOBBIBAETCSA HA MPEANOCHUIKE, YTO (HAaKT Momodus Mexmay
polLeccaMl HU3BECTEH, WU YCTaHAaBIMBAE€T YUCIO KPUTEPUEB MOAOOMS U CYIIECTBOBaHUE
OJTHO3HAYHOM 3aBUCUMOCTH MeXAy HUMH. IIpu 3TOM BBIpakeHus il KPUTEPUEB MOA0OUS
MOTYT OBITH IIOJIyYEHBI, €CIM H3BECTEH COCTaB MapaMeTpoB ((pakTOpoB), y4aCTBYIOIIUX B
paccMaTprUBaeMOM IIpoLiecce, HO HEM3BECTHO €ro MaremaTtuieckoe omucaHue. Teopema 3rta,
OJIHAKO, TaKXe Kak M IIepBasi, HE YKa3blBaeT CIOCOOOB BBIABICHUS MOJO0US MEXAY
COIOCTABJISIEMBIMU ITPOLIECCAMU U CIIOCOOO0B peanu3aliy o100us Ipu MOCTPOSHUN MOJETIEH.

Bropas Teopema ycTaHaBIMBaeT BO3MOXHOCTH TMPEJICTABICHUS HMHTETpana Iud-
(epeHIManbHOro ypaBHeHUs (pu3nuecKkoro mpouecca He Kak (PyHKIMM IapaMeTpoB Mpoliecca u
CHUCTEMBI, B KOTOPOIl NMPOTEKAIOT 3TU IMPOLECCHl, a KaK (QYHKIUS COOTBETCTBYIOLIUM 00pa3oM
IIOCTPOCHHBIX HEKOTOPBIX O€3pa3MepHBIX BEIMYMH — KpuUTepueB mnopobus. Eciam ucxomnoe
muddepeHaIbHOe  YpaBHEHUE TMPOMHTETPHPOBAHO, TO (DYHKIIMOHANBHBIE CBS3H MEXIY
KPUTEPHSIMH 1I0J00Ms OyAyT OAHO3HAYHO ONpEENeHbl B COOTBETCTBUU C TEMH JIONMYIIECHUSIMH,
KOTOpBI€ ObUIM MPUHATHI IPU COCTaBICHUM M MHTETPUPOBAHUU JAHHOTO ypaBHeHHUs. Ecin xe
muddepeHMaIbHOe  ypaBHEHHE OTCYTCTBOBAJIO MJIM HE HHTEIPUPOBAIOCH, TO BUJ
(YHKIIMOHAJIBHBIX CBSI3€H MEXy KPUTEPUSAMU 000U HE Oy/IET BBISIBICH.

Bropas Teopema ocHOBbIBaeTcs Ha HccienoBaHMAX bykuHrema, ®enepmaHa U
Opendect-AdanacreBoit. BO3MOKHOCTD NpecTaBIeHUs] HHTErpaia Kak (pyHKIUH OT KPUTEPHUEB
1o00us, HaliIeHHBIX U3 TU(GEepeHIMaTbHOIO YpaBHEHUS, ObljIa CTPOTo JJ0Ka3aHa [yl YaCTHOTO
ciydast bykunremom. B 6osee o01ieM BHJie 3TO MOJI0KEHNE KaK MaTeMaTuyeckas Teopema Obuio
nokazaHo ®dexnepmanoMm. OpeHpecT-AdaHache-Ba NpuUBENa J10Ka3aTeNbCTBO B 00LIEM BHIE,
II0Ka3aB yCJOBHUS, MPH KOTOPBIX MHTETpajll MOKHO TNPEACTAaBUTh KaK (PYHKIHIO KPUTEPUEB
nogobusi. OJHOBpEMEHHO ObIIO IOKa3aHO, YTO U3 COOTHOUIEHWH, YKa3bIBalOIIUX Ha
OJTHOPOAHOCTb YPABHEHMsI, CBSA3BIBAIOIIEIO (PU3NUYECKUE BEIWYUHBI (OJMHAKOBAas pa3MEpPHOCTH
BCEX WIEHOB YPAaBHEHUs), U U3 BO3MOXHOCTH IMOJIydeHHUs! Oe3pa3MepHbIX COOTHOUIEHUH mocie
JIEJIEHUs 3TOTO YpPaBHEHHU Ha JII000H U3 €ro WIEHOB CJIENYeT BaXXKHBIN BBIBOJ O CYIIECTBOBAHUU
OIIpEICIEHHBIX COOTHOLICHUH MEXIy pa3sMEpHOCTAMH (QHU3UYECKUX MapaMeTpoB. DpeHdecT-
AdanacbeBoil ObUIO IOKA3aHO, YTO KPUTEPHUM IOJOOMS MOXKHO HaWTH IPU OTCYTCTBUM AU(-
(epeHIMaTbHOIO ypaBHEHHs IIpollecca Ha OCHOBE aHalu3a pa3MepHOCTeH (U3MUeCKHX
BEJIMYHH, YIaCTBYIOIIUX B 3TOM Ipolecce. DTa BO3MOXKHOCTH Obl1a c(hOPMYIHPOBAHA U CTPOTO
JI0OKa3aHa B BHJE TEOPEMbl, HA3BaHHON JI-TEOPEMOH, IOCKOJIbKY YHOMSHYTHIE BBILIE
Oe3pa3MepHbIe TapaMeTphl (KpUTepuu nogo0us) 0003Ha4anuch OyKBoOi J.

Tpemvsi meopema nooobus. B Hambosiee pacmpocTpaHEHHOW (HOPMYITUPOBKE TPEThS
TeopeMa UMEET CIEAYIOIUN BUJI: HEOOXOIUMBIMUA U JOCTaTOUYHBIMM YCJIOBHUSIMM JUISl CO3/1aHUS
noJ00us SABIAIOTCA MPONOPLMOHAIBHOCTh CXOJCTBEHHBIX MAapaMeTpOB, BXOIALIMX B YCJIOBHUS
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OJTHO3HAYHOCTH, U PABCHCTBO KPUTEPUEB MOI00US COMOCTABISIEMBIX sIBICHUH. TpeThsi TeopeMa
nonobusi MMEHyeTcsl Takxke o0paTHOMl Teopemol momodust win Teopemoil Kupnuuea—
I'yxmaHa.

HanomHuMm moHATHA yciaoBHM onHO3HAYHOCTH. M3BectHo, uTtOo nuddepeHuanbuoe
ypaBHEHHE B OOIIEM BHJIE OMHCHIBAET OCCKOHEYHOE MHOXECTBO IPOIECCOB, OTHOCSIIUXCS K
naHHoMmy kiaccy. Tak, Hampumep, auddepenunansHoe ypaBHeHue u=iR+Ldi/dt ommcwiBaeT
M3MEHEHHE TOKAa BO BPEMEHU B IIENH C aKTHBHBIM CONPOTHBIICHHEM R M MHAYKTUBHOCTBIO L mipu
BKJIIOUEHUU €€ Ha u=const. Y CIOBHUS, ONpeesiolie HHAUBUIYyalbHble 0COOEHHOCTH IMpoliecca
WIH SIBJICHHUS W BBIICISIIONINE W3 OOIIEro Kiacca KOHKPETHBIH MPOIECC WIH SBJICHHE,
HA3bIBAIOTCS YCJIOBUSMHM OJHO3HAYHOCTU. K HHM OTHOCATCS CleAylolue, HE 3aBHUCSIIUE OT
MEXaHH3Ma CaMOTO SBJICHHUS, (PaKTOPBI U YCIOBHS:

. F€OMETPUUYECKHE CBOMCTBA CUCTEMBI, B KOTOPOU MPOTEKAET MPOIIECC;
. (uznueckue napaMeTpsl Cpelbl U Tell, 00pa3yIolUX CUCTEMY;

. HaYaJIbHOE COCTOSIHUE CUCTEMBI (HayalbHbIE YCIOBHS);

J yCIIOBUS Ha TPaHMIIAX CUCTEMBI (IPaHUYHE UM KPaeBbl€ YCIOBHUS);

. B3aUMOJICTBUE OOBEKTA U BHEIIHEH CPEIbI.

OueBHUIHO, HENB3s1 MAaTEMATUYECKU (DOPMYIHPOBATH YCIOBHSI OJHO3HAYHOCTH B OOLIEM
BUuJe. B KaXXIOM KOHKPETHOM cilydyae OHU MOTYT OBITh pa3iM4Hbl B 3aBHCHUMOCTH OT poja
pemaeMoil 3aJaud M BHJA YpaBHEHMs. Tak, Ui BBIJENEHUS OIPEAEICHHOrO Ipolecca M3
COBOKYITHOCTH TIPOIIECCOB, OMHCHIBAEMBIX IPUBEICHHBIM YpaBHEHHEM, JOCTaTOYHO 3HATH
napaMmeTpsl U, R, L u HauanbHble YCIOBHS, Hampumep, 1=l npu t=to. B OonpmnHCcTBE 3a1ad,
CBS3aHHBIX C MCCJIEIOBAaHUEM II0JIeH, OJHO3HAYHOCTH IPOLIECCOB OMPENENeTCs HE TOJBKO
HAYaJbHBIMU YCIIOBUSIMH, HO U CBOWCTBAMHU CpPEJbl, FTEOMETPUUECKUMHU CBOMCTBAMM CUCTEMBI U
IPaHUYHBIMU YCIOBHUSIMHU.

Bmopas gopmynuposka mpemveti meopemsvt noodobus. Ilpaxtuuecku Oosee
ynayHasi (opMyIHpOBKa TpeThEH TEOpeMbl, MpEASIOKeHHAas B MOCIEAHEEe BpeMs, UMEET BH,
OTBEUAIOLIUI pealbHBbIM 3aJjauaM CO3JaHMs Pa3IM4HbIX Mojenel. JTa GopMyIUpOBKa COCTOUT
W3 TPEX MOJTOKECHUM.

Ilonoowcenue 1. Co3ganne MOAEIN BO3MOXKHO, €CIIM KpUTEpUH mojo0us (0e3pa3mMepHble
KOMIUIEKCBI), COCTaBJCHHBIE W3 BEJIMYMH, XapaKTEepPU3YIOUIUX TOJbKO €€ CHUCTEMHbIe
(MaTepualbHble) MapaMeTpbl, pPaBHbl COOTBETCTBYIOIIMM KPUTEPUSM H3y4aeMOM CHUCTEMBI-
OpUTHHANA.

Ilonoowcenue 2. B co3maHHOM, COIJIACHO IIOJIOKEHUIO 1, MOJENM OCYLIECTBIECHHE
MPOLIECCOB, MOJOOHBIX OpPUTHHAIY, BO3MOXKHO, €CIIM KPUTEPUH MOI00Us, COlepKalliue TOIbKO
napaMeTpsl IMPOLIECCOB, BXOAAIIMX B YCIOBUS OJHO3HAYHOCTM M B TOM YHUCIIE HaudajlbHbIE
ycnoBus (apaMeTpbl UCXOJHOTO PeXUMa, BOSMYIICHUH U OTKJIOHEHUH ), B MOJIEIM U OpUTHHAIE
COOTBETCTBEHHO OJINHAKOBBI.

Tonooxcenue 3. OcymiecTBICHUE MOJCIH COTTacHO (opMynmupoBkam | ¥ 2 BO3MOXKHO B
CKOJIb YTOAHO CJIOKHBIX aHU30TPOIIHBIX, HEJIMHEHHBIX WM UMEIOLIUX BEPOSTHOCTHO 3aJlaHHBIE
mapaMeTpbl cHCTeMax IMpH YCIOBHHM OJHOBPEMEHHOTO COONIOJEHUS COOTBETCTBYIOIIMX
JIOTIOJTHUTEIBHBIX TOJIOKEHUAX, CHOPMYITHUPOBAHHBIX HHUXKE.

Jlononnumenvhvie nonodcenuss meopuu noooodus. ITU TOJOKEHUS, MPEATOKEHHBIE
aBTOpaMHU, paclpOCTPAHSAIOT TPU OCHOBHBIE TEOPEMBI MOJO0US HA CUCTEMBI CIIOKHBIE, CUCTEMBI
C HENMHEWHBIMHM WJIH MEPEeMEHHBIMU MapaMeTpaMH, aHHU30TPOIMHbBIE CHUCTEMBI (C pa3lIUYHBIMU
CBOMCTBAaMM 10 pa3IM4YHBIM KOOpPAMHAaTaM) M CHUCTEMBI, 3aJaHHBIE BEPOSITHOCTHO-
CTaTUCTUYECKUMU XapaKTEPUCTHUKAMU; STUMH K€ MOJOKEHUSIMHU OXBaTHIBAIOTCS T€OMETPUUYECKU
HENOJJOOHbIE CHUCTEMBI, @ TAKXKE CHUCTEMBI, U1 KOTOPBIX MOHATHE MOAOOMS MHTEPIPETUPYETCS
HIMpe, YeM MOCTOSHCTBO MAacCHITA0OHBIX KO3(PPHUIIMEHTOB B CXOJCTBEHHBIX TOUKaX MPOCTPAaHCTBA
apaMeTPOB B CXOJICTBEHHbIE MOMEHTHI BPEMEHHU.

B ofmem ciydae NOMOJHUTENbHBIE MOJOXKEHUS TEOpUH Moao0us (GopMmynHpyroTcs
CJIeIYIOIIUM 00pa3oM:
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— nooobue CIOMCHLIX TEOMETPUUECKH TMOAOOHBIX M H30TPOMHBIX CHCTEM C
JETCPMUHUPOBAHHO  OMNPEJCIICHHBIMH  JIMHCHHBIMH  WMJU  IOCTOSHHBIMH  IapaMeTpaMH,
00pa30oBaHHBIX HECKOJIBLKHMMH COOTBETCTBEHHO MOJOOHBIMH IO OTIEIBHOCTH TOJCHUCTEMAaMHU,
o0ecreunBaeTCs, €CJIM BBITIOJHACTCS JOMOJHUTEIBHOE YCIOBHE MOM00US BCEX CXOJCTBEHHBIX
3JIEMEHTOB, SBIIAIOMINXCA OOIMMH IJISI OTHX IIOICUCTEM;

— ycnosust nodobusi CIOXKHBIX TEOMETPUYCCKH TOJOOHBIX M H30TPOIHBIX CHCTEM C
JNETCPMUHUPOBAHHO ONPECIICHHBIMH JIMHCHHBIMU U TOCTOSSHHBIMH MapamMeTpaMu MOTYT OBITh
pacnpoCTpaHeHbl Ha CIIOKHBIC CHCTEMBI C HEJIUHCHHBIMH WJIM TICPEMEHHBIMH IapaMeTpamH,
3alaHHBIMH JICTEPMUHUPOBAHHO, ©CJIH BBIMONHICTCS JOMOJHUTEIBHOE YCIOBUE COBIAJICHUS
OTHOCHUTEIIbHBIX XapaKTEPUCTUK CXOJICTBEHHBIX MapaMETPOB, SBISIFOIIMXCSA HETUHCHHBIMU WIIH
MIEPEMEHHBIMU;

— ycnosusi nodobusi NETEPMUHUPOBAHHO OIPEACICHHBIX T€OMETPHYECKH MOI00HBIX
W30TPOIHBIX CIIOKHBIX CHCTEM MOTYT OBITh PACIIPOCTPaHEHBI HA AHH30TPOITHBIE TEOMETPUUIECKU
MMOJOOHBIE CIIOXKHBIE CHCTEMBI, 3aJlaHHbIe JICTCPMHUHHPOBAHHO, €CJIU  BBITOJHACTCS
JIOTIOTHUTEIFHOE YCIOBHE OOECTEUYCHHS OJWHAKOBOH  OTHOCHUTENHHOW  QHW3OTPONHH B
COITOCTABJIIEMBIX CHCTEMAX

— ycnosusi nodobusi NETEPMHUHHPOBAHHO OIPEICTICHHBIX T€OMETPUYECKH MOI0OHBIX
AQHU30TPOIHBIX CIIOXKHBIX CHCTEM C IMEPEMEHHBIMU WM HEJIWHEHHBIMH TMapaMeTpamMd MOTYT
OBITh  pacCHpOCTpaHEHBI HA TEOMETPUYECKH  HEMOAOOHBIE  CIOXKHBIE  CHCTEMBI  C
JETCPMUHUPOBAHHO OIPEACICHHBIMU TapaMeTpaMH, €CJIM BBIMOJHICTCA JOMOJHHUTEIBHOE
yCIIOBUE 00ECIIEUCHHSI TAKOTO HETMHEHHOT0 TI0J00Us MPOCTPAHCTBA MMapaMeTPOB, IPU KOTOPOM
CYIIECTBYIOT IOJ00OHBIC M3MEHEHHS IMapaMeTPOB MPoIecca B CXOJICTBEHHBIX TOYKAX 3TOrO
POCTPAHCTBA;

— ycno6usi n0006Ust CIOKHBIX TEOMETPUUYCCKU HEMOJA00HBIX aHM30TPOITHBIX CHCTEM C
JNETCPMUHUPOBAHHO OIPEACICHHBIMA HEIMHCHHBIMU WM MEPEMEHHBIMU MapaMeTpaMu MOTYT
OBITh  PACIPOCTPAHECHBI, HA CHCTEMBI C BEPOSTHOCTHO (CTATHCTUYECKH) OINpPeacIeHHBIMU
napaMeTpaMM, €CJIM BBITIONHSIOTCS JOIOJHUTENBHBIE YCIOBUS COBMIAJCHUS IUIOTHOCTEH
BEPOSTHOCTEH CXOJCTBCHHBIX IapaMETPOB W TMPOMOPIMOHATBHOCTH HMX CTATHCTHYECKHX
MOMEHTOB, CTETICHH MACIITAaOHBIX KO3(PPHUIMEHTOB MPH KOTOPHIX COBMATAIOT C MOPSIKAMHU
COOTBETCTBYIOIIUX MOMEHTOR.

4. MonenupoBanue

[Tonobue ¢u3nyeckux MNPOLECCOB M CHCTEM IIUPOKO HCIHONb3YeTCsl B TEXHUKE IS
UCCJIEIOBAHNUS METOAOM MOJEIUpOBaHusA. B Tex ciaydasx Korja MaTeMaTHYecKOoe pelIeHue
3aJa4d 3aTPyJHEHO, a TO M IOIPOCTY HEBO3MOXKHO, BIIOJHE €CTECTBEHHBIM SBIIACTCS
oOpallleHne K OSKCIEPUMEHTAJIbHOMY MCCIEAOBAHUIO HAa MOJEISIX C  IOCIEAYIOIUM
IIepepacuyeToM IOJIYYEHHBIX PE3YyJlbTaTOB HA HATypy, KOTOpas SBHJIACh IMPOTOTUIIOM MOJEIH.
[Ipu 3TOM MOZENb U HATYpa JOJKHBI HAXOAUTHCSI MEXAY COOOM B OTHOLIEHUSX MTOI00MS.

HccnenoBanne Ha MOAEIAX MO3BOJSAET YCKOPUTh UM 3aMEIJIUTh MPOLIECCH], KOTOPHIE B
HaTYpHBIX YCJIOBUSIX Pa3BHBAIOTCS CO CKOPOCTBIO, 3aTPYNHSIONIMX BecTH HaOmoaenue. Ilpu
IIPOBEJCHUHN OJKCIIEPUMEHTA HENOCPEACTBEHHO Ha HAaType IOYTH BCErga IPUXOAUTCS
OTKa3bIBaTbCsl OT AaKTMBHOI'O IIOMCKA ONTHMAJIbHBIX KOHCTPYKTUBHBIX pelleHud, HubO 3TO
CBSI3aHO CO 3HAYUTEIILHBIMU JICHE)KHBIMU 3aTPAaTaMH, a HE PEIKO U IIPOCTO HE BO3MOXKHO.

Teopus monenupoBanus 6a3upyeTcsl Ha NPUHLMIIAX, BHITEKAIOIUX U3 TEOPUU MOA0OUS.
OTH NPUHIMIBI 3aKII0YAIOTCS B COOJIOACHUU YCIOBUM, KOTOpPbIE ONPEAETISIIOT COOTHOLICHMS
MeXy MapaMeTpaMH MOJEIN U HaTyphl, a TaK XKe MpaBUila IepecyeTa UCCIEAYEMbIX BEJIMYUH C
MOJeNu Ha HaTypy u oOpaTtHo. OJHaKo, M3BECTHO, YTO HHU OJIHA MOJIelb HE MOXET C
a0COIOTHONW MOJHOTOM BOCHPOU3BECTH H3Y4aeMbI OpPUTHMHAI — JJS 3TOTO JIOJDKHO OBITh
IOJTHOE MX TOXJecTBO. [103TOMy NpH MOAENMPOBAHUU CTApAIOTCA COOJIIOCTH B MOJEIM MO
KpaliHeil Mepe Te XapaKTepUCTUKH HaTyphl, KOTOpBIE SBISIOTCA Haubolee CyLECTBEHHBIMU B
oOmell kapTuHe (U3UYECKOro Ipolecca, obecrneunBas 3aJaHHYI0 TOYHOCTh Ppe3yJbTaToOB
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(HampuMep IpH pacyeTe CTEPHKHEBBIX KOHCTPYKIMI MpeHeOperaloT COOCTBEHHBIM BECOM, a MpU
IIPOEKTHUPOBAHNY INIOTUHBI HACHIM PACCMATPUBAIOT KaK paclpeAeICHHYIO Harpy3Ky).

1. 2 JIeknus Ne2 (2 yaca).

Tema: «PuU3nYeCKHE AHAJOTOBBIe M MaTeMaTHYeCKHe MOAEJIN 00bEeKTOB U nmpoueccoB»

1.2.1 Bonpochl JieKIum:

1. Bunsl MoenupoBaHus U UX OCOOEHHOCTH.

2. MaTemaTnueckoe MOJAEINPOBAHUE U €0 OCOOEHHOCTH.
3. ®usnueckoe MOJETUPOBAHHIE U €TO OCOOCHHOCTH

4. MeTopl TOA00MS B MEXaHUKE

5. 3akimouenue

1.2.2 KpaTkoe conep:kaHue BOIPOCOB:

1. Buabl Mo1e/IMpOBAHUSA U UX 0COOEHHOCTH.
Krnaccudukanus BUI0B MOACTUPOBAHUS CUCTEM S TIpUBE/ICHA HA PUCYHKE 1.
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Pucynok 1 - Knaccudukanys BUI0OB MOJICITUPOBAHUS CUCTEM

Jemepmunuposannoe  mooderuposanue  OTOOpa)XKaeT  MPOIECCh, B  KOTOPBIX
NpEANoaracTcss OTCYTCTBHE  BCAKUX  CIIyY4alWHBIX  BO3JCHCTBHH;,  cmoxacmuueckoe
MoOenupoeanue OTOOpakaeT BEPOSTHOCTHBIC TPOIECCHl U coObITHSA. B 3TOM ciyuae
AQHAJM3UPYETCA PsAI  pealu3aldid  CIyY4alHOro TMpoIecca W OICHUBAIOTCS  CPEIHHE
XapaKTepUCTHKH, T. €. HA0Op OJHOPOJHBIX peaTn3alui.

Cmamuueckoe mooenuposanue CIYKUT JJIsI ONMUCAHHS TMOBEACHUSA 00BEKTa B KaKOM-
au00 MOMEHT BPEMEHHU, a OUHAMUYECKOe MOOeluposaHue OTPaXaeT MOBeICHHE 00bEeKTa BO
BpeMeHU. Jluckpemnoe Mmooenupoganue CIYKUAT JUIsI ONUCAHHS TPOIECCOB, KOTOPBIC
HpeHHOHaFaIOTCSI I[I/ICerTHBIMI/I, COOTBCTCTBCHHO HerepBIBHOe MOI[GJII/IpOBaHI/IG IIO3BOJISACT
OTPa3UTh HEMPEPBIBHBIC NPOIECCHl B CHUCTEMAX, a OUCKPEMHO-HENPEPbIGHOe MOOCTUPOBAHUE
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UCIIONB3yeTCA JUISl ClIydyaeB, KOTJa XOTSAT BBIJACIUTh HaJW4YUMe KaK JUCKPETHBIX, TaK H
HEIPEPBIBHBIX MPOIIECCOB.

B 3aBucumoctu oT QopMbl mpencraBieHus 00bEeKTa (CHCTEMBI S) MOKHO BBIJIEIUTH
MBICIICHHOE U pealbHOE MOJACIHPOBAHUE.

Mpuicnennoe moodenuposanue 4acTo BISETCA €JUHCTBEHHBIM CIIOCOOOM MOJEIMPOBAHUS
00BEKTOB, KOTOphIe JTHOO MpPaKTUYECKH Hepealu3yeMbl B 3aJJaHHOM HHTEpBajie BPEMEHH,
au00 CyIIECTBYIOT BHE YCJIOBHUM, BOZMOXHBIX ISl UX (U3nueckoro co3aanus. Hanpumep, Ha
0a3ze MBICIEHHOTO MOJEIHPOBaHUS MOTYT OBITh MPOAHAIU3UPOBAHBI MHOTHE CHUTYyalluu
MHUKpPOMHpA, KOTOpblE HE TMOANAIOTCA (U3NYECKOMY OKCIEPUMEHTY. MBICIEHHOE
MOJEIUPOBAaHUE MOXKET OBITh pEaTNU30BaHO B BHUIE HAAAOHO20, CUMBOIUYECKO20 W
Mamemamuieckozo.

[lpu wuaensonom moodenuposanuu Ha 0a3e TPENCTABICHUN YEIOBEKa O PEaTbHBIX
00BbEKTax CO3Jal0TCs pa3IMUHbIE HAIVISAHBIE MOJEIU, OTOOpaKkaolue SBJIECHUS U MPOLIECCHI,
npoTekammue B o0bekTe. B OCHOBY eunomemuueckoco moodenupoeanus WccieqoBaTeeM
3aKJIa/IbIBAETCSl HEKOTOpasi TUIOTE3a O 3aKOHOMEPHOCTSAX MPOTEKAaHUs Ipoliecca B pealbHOM
00beKTe, KOTopas OTpakaeT YpOBEHb 3HaHUU uccienoBaTens o0 oObekTe u Oa3upyeTcs Ha
IPUYUHHO-CJIEACTBEHHBIX CBA3SIX MEXJY BXOJOM M BBIXOJOM H3y4aeMoOro oOOBEKTa.
['MnoTeTnyeckoe MOJAENIMPOBAHHME HCIOIB3YyeTCs, KOTJa 3HaAaHUN 00 00bEeKTe HEeJOCTAaTOYHO
JUTSL TIOCTPOCHHUS (POPMATBHBIX MOJIEIEH.

Ananozoeoe mooenupogarue OCHOBBIBACTCS Ha MPUMEHEHUU AaHAJIOTHH pPa3IHYHBIX
ypoBHe#l. HauBbicliuM ypOBHEM SIBISETCS IOJIHAS aHAJIOTHs, UMEIOLIasg MECTO TOJIBKO JJIs
JOCTaTOYHO TMPOCTHIX 00BekToB. C ycloXHEHHEM OO0BEKTa HCIOIb3YIOT aHaJIOTUU
NOCJIEYIOIUX YPOBHEH, KOrja aHajoroBas MOJEiIb OTOOpakaeT HECKOJBKO JMOO TOJIBKO
OJIHY CTOPOHY (YHKIIMOHHUPOBAHHS 00BEKTA.

CymiecTBEHHOE MECTO IIPH MBICIEHHOM HAarjsJHOM MOJEIMPOBAHUU 3aHUMAET
Maxkemuposanue. MBICIEHHBII MaKeT MOKET MPUMEHATHCS B ClIydasix, KOr/ia MpOoTeKarone
B peajbHOM OOBEKTE MPOLIECCHl HE MOAAAITCA (PU3MUECKOMY MOJEIMPOBAHUIO, TUOO MOXKET
IpeAlecTBOBAaTh MPOBEICHUIO IPYTrUX BUJOB MOJeNupoBaHHs. Eciu BBeCTH YyCIOBHOE
0003HaUYEHNE OTACJIBbHBIX MOHATUH, T. €. 3HAKH, a TAK)KE OINpEJEICHHbIE OIEpaluu MEXIy
9TUMU 3HaKaMH, TO MOXHO pealii30BaTh 3HAKOBOe MoOeluposaniue 1 ¢ IOMOIIbI0 3HAKOB
oToOpaxaTb HaOOp MOHATUH — COCTaBJIATh OTIEIbHBIE LENOYKU W3 CIOB U MPEITIOKEHUH.
Hcnonb3ys onepanuu o0beIuHEHUS, IEPECCUCHHs U JTOTOTHEHUS TEOPUU MHOKECTB, MOXKHO B
OTJIEJbHBIX CUMBOJAX AaTh ONKMCAaHUE KAKOT0-TO PEAIbHOI0 OOBEKTA.

B ocHOBe s3b1Kk06020 MoOOenuposanusi NEKHT HEKOTOpHIA Te3aypyc. llocinemuwmit
obpaszyercss u3 HabOopa BXOIAIIMX TMOHATHH, TMpUYEM OTOT HAOOp HOMKEH OBITh
¢ukcupoBaHHbpiM. CrenyeT OTMETHTh, YTO MEXAY Te3aypycoM M OOBIYHBIM CJOBapeM
UMEIOTCA NPUHIUINHAIbHBIE pa3iuuud. Te3aypyc — cioBapb, B KOTOPOM KaXJOMy CIOBY
MOET COOTBETCTBOBATH JHIIb €AMHCTBEHHOE MOHATHE, XOTS B OOBIYHOM CIIOBape OJHOMY
CJIOBY MOT'YT COOTBETCTBOBATh HECKOJBKO MOHITHUH.

Cumeonuueckoe Mmoodenuposanue TPEICTaBIAET COOOW HCKYCCTBEHHBI MpoIecc
CO3J]aHUsl JIOTMUECKOro OOBEKTa, KOTOPBIM 3aMellaeT peajbHbIi U BBIPAXKAET OCHOBHBIE
CBOMCTBa €ro OTHOLIEHUH C TOMOIIBIO ONPEACICHHON CUCTEMBbI 3HAKOB HJIM CUMBOJIOB.

Maremarnueckoe MozaenupoBanue. Ilox mamemamuueckum mooenuposanuem Oynem
MOHUMATh MPOIECC YCTAHOBIICHUSI COOTBETCTBUSI JAHHOMY pEalbHOMY OOBEKTY HEKOTOPOTO
MaTeMaTUYeCKOTro 00OBbEKTa, Ha3bIBAEMOI'0 MaTEMAaTUUYECKON MOJIEINbIO, U UCCIEA0BaHUE 3TON
MOJIeNIH, MO3BOJISIONIEe MOMyd4aTh XapaKTepUCTUKH paccMaTPUBAEMOI0 peajJbHOr0 OO0BEKTA.
Bua maremaTuuyeckoil MoJIM 3aBUCHT Kak OT IPHUPOIbl peajbHOr0 OOBEKTa, TaK U 3aaad
UccleloBaHus 00beKTa U TpeOyeMoil TOCTOBEpPHOCTH U TOYHOCTH PELICHUS ITON 3a/1auH.

Hns  ananumuueckoeo  MoOenuposanus  XapakTepHO TO, UYTO  IPOLECCHI
GYHKIMOHUPOBAHUS  3JIEMEHTOB  CHCTEMBl  3aMHCHIBAIOTCS B  BHUJE  HEKOTOPHIX
(yHKIMOHAJIBHBIX COOTHOUIEHUH (anredpanyeckux, HHTErpoauepeHInalbHbIX, KOHEYHO-
Pa3HOCTHBIX U T.N.) WU JIOTUUECKUX YCIOBUM.
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Hmumayuonnoe mooenuposariue MO3BOJIAET IO UCXOAHBIM JaHHBIM IIOJTY4YUTh CBEICHUS
O COCTOSHUM IIpoIlecca B ONPEACICHHBIE MOMEHTBI BPEMEHH, AAIOUIUE BO3MOXKHOCTH
OLIEHUTb XapaKTEPUCTHUKH CUCTEMBI S.

2. MaTtemaTH4eckoe MOJeJJMPOBAHNE U €r0 0CO0eHHOCTH

HeBo3MokHO TmpencTaBuTh cebe COBpPEMEHHYI0 HayKy ©0e3 IIMpOKOro MpPUMEHEHUS
MaTeMaTHYECKOTro MoJienupoBaHus. CylHOCTb 3TOM METOM0JIOIMH COCTOUT B 3aMEHE UCXOJHOIO
o0BekTa ero "obpa3oM" — MaTeMaTUYECKON MOJENbI0 — U AajbHEHIIeM U3y4eHUH MOJENH C
IOMOIIbI0 PEATU3YEMBIX HAa KOMIIBIOTEPAX BBIUHUCIUTEIBbHO-JIOTUYECKUX aAITOPUTMOB. OTOT
"Tpetuit Meron" MO3HAHUS, KOHCTPYHPOBAHUS, NMPOEKTUPOBAHMUS COYETaeT B cebe MHOTHe
JIOCTOMHCTBA KaK TEOpUU, TaK U JKcrepuMmeHTa. Pabora He ¢ caMUM OOBEKTOM (SIBIICHHUEM,
MIPOLIECCOM), a C €0 MOJIENbIO JaeT BO3MOXKHOCTh 0€300JIe3HEHHO, OTHOCUTENBHO OBICTPO U 0e3
CYILIECTBEHHBIX 3aTPAT UCCIIEAOBATh €r0 CBOMCTBA U NTOBEACHUE B JTHOOBIX MBICIMMBIX CUTYaLUAX
(mpeumytecTBa Teopun). B To ke Bpems BBIUMCIUTEIbHBIE (KOMITBIOTEPHBIE, CUMYJIALIMOHHBIE,
MMUTAIMOHHBIE) HSKCIEPUMEHTHI C MOJEISIMU OOBEKTOB IO3BOJIIOT, OMHMPAasCh Ha MOIb
COBPEMEHHBIX BBIUMCIUTEIBHBIX METOJAOB U TEXHHYECKHMX HWHCTPYMEHTOB HWH(GOPMATUKH,
noAPOOHO M TIIIYOOKO H3y4yaTh OOBEKTHl B JOCTAaTOYHOM IMOJHOTE, HEIOCTYIMHOW YHCTO
TEOPETUUECKHUM MMOoAX0/1aM (IIperMyIlecTBa IKCIepuMenTa). HeynuBuTeapHO, 4YTO METOI0JIOTHS
MaTeMaTHYECKOTr0 MOJETHPOBaHUA OypHO DPa3BHBAETCS, OXBAThIBasi BCE HOBBIE CQEpHI - OT
pa3paboTKU TEXHHYECKUX CHUCTEM M YIPaBJICHUS UMHU JI0 aHAJIM3a CIOKHEHIINX SKOHOMUYECKUX
Y COLUAJIbHBIX NTPOLIECCOB.

Ceiliuac mMaTeMaTH4ecKoe MOJETUPOBAHUE BCTYMAeT B TPETUN MPUHLIMIINAIBHO BaXKHBIN
3Tall CBOETO pa3BUTHS, "BCTPAaMBasCh" B CTPYKTYphl TaKk HAa3bIBAEMOTr0 HH()OPMAIMOHHOTO
oOmecTBa. Bnewarnsionii mporpecc cpeacTtB mepepabOTKH, TNepeJaud M XpaHeHUus
UH(POPMALIK OTBEYAECT MUPOBBIM TEHICHIMSM K YCIOKHEHHIO M B3aUMHOMY MPOHUKHOBEHHUIO
pa3nuuHbIX cep yeroBeueckoil nedarenbHocTU. be3 Bnaaenust uHpopmaoHHeIMU "pecypcamu’
HENb35 U 1yMaTh O PELIEHUU Bce Oosiee YKPYIHAIOMUXCS U Bce 0oJiee pa3sHOOOpa3HbIX IPOOIIEM,
CTOAIIUX Iepel MUPOBBIM coolmiecTBoM. OaHako MHQOpMAIM KaK TakoBas 3a4acTyl0 Majo
YTO JAeT JJI1 aHajdu3a U MPOTHO03a, AJIs NMPUHATHS PELICHUH U KOHTPOJS 3a UX HCIOJHEHHEM.
HyxHbl Haie)KHBIE CITOCOOBI TIepepadoTKu HHPOPMAIIMOHHOTO "ChIpbs" B TOTOBBIN "MPOIYKT",
T.€. B TOYHOE 3HaHue. McTopus MeToq0I0run MaTeEMaTUYECKOT0 MOJEIUPOBaHUS YOSKIaeT: OHA
MOKET M JOJDKHA OBITh WHTEIJIEKTYyaJlbHBIM SIpOM HHGOPMAIMOHHBIX TEXHOJOTHH, BCEro
nporiecca HHpopMaTH3aIuy o0IIecTBa.

[porpasmia AnropuTM

Pucynok 2 — AnroputM MoaeaupoBaHust
Ha nepBom srame BbIOMpaercs (Miau cTpouTcs) "IKBUBAJEHT" OOBEKTa, OTPAXKAIOUIUI B
MaTeMaTH4ecKol (opme BaXkHEMHIIe ero CBOMCTBa - 3aKOHBI, KOTOPbIM OH IOJYUHSETCS, CBA3H,
NPUCYIINE COCTABISIONIMM €ro YacTsM, U T.J. Maremarudeckas MoAenb (Win ee (hparMeHThl)
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UCCIIEyeTCs TEOPETUUECKUMH METOJIaMH, YTO MO3BOJISET MOIYYUTh BaXKHbIC NPEABAPUTEIbHBIC
3HaHUA 00 00BEKTE.

Bropoii stam — BbIOOp (MM pa3paOoTKa) ajnropuTMa A pealu3aluyd MOJEIN Ha
KoMIbloTepe. Mojenb mpencrtaBisiercs B ¢opMme, YAOOHOW Al NPUMEHEHHUS YHUCIECHHBIX
METOJIOB, ONPENENIAETCS IOCIEA0BATENbHOCTh BBIYUCIUTEIbHBIX M JIOTMUECKHUX OIEpaluid,
KOTOpBIE HYXKHO TPOU3BECTH, YTOOBI HAWTH HMCKOMBIC BEIWYHHBI C 33JaHHONH TOYHOCTHIO.
BrluucnurenbHbie  adrOpUTMBI  JTIOJDKHBI HE HMCKa)XaTh OCHOBHBIE CBOWCTBA MOJENH W,
CIIEIOBATENIbHO, MCXOJHOTO OOBEKTa, OBITh SKOHOMUYHBIMH U aJanTUPYIOUIUMHCST K
O0COOEHHOCTSIM pelIaeMbIX 3a7a4 U HCI0JIb3yEMbIX KOMIIBIOTEPOB.

Ha tperbem »sTame co34al0Tcsi MpOrpaMMBbl, '"mepeBonsiiue" MOJelb U alropuTM Ha
JOCTYIHBIA KOMIIbIOTEPY S3bIK. K HUM Taxke npeabsBifioTCs TpeOOBaHMS SKOHOMUYHOCTU U
aJanTUBHOCTU. VIX MOKHO Ha3BaTh "IJEKTPOHHBIM'" SKBHBAJICHTOM H3y4aeMOIro OOBEKTa, yKe
MNPUTOIHBIM JJIsi HEMOCPEICTBEHHOIO0 HCHBITAHMS Ha '"HKCIIEPUMEHTAIBbHOM yCTaHOBKE' —
KOMIIBIOTEpE.

CoznaB Tpuangy "Moaelb—alnropuTM—IporpamMma’’, HMcciaefoBaTeNb IONIy4aeT B pPYKHU
YHHUBEpPCAIbHBIA, THOKUH W HEIOpOTrOdl HWHCTPYMEHT, KOTOPBIH BHauaje OTJIaKUBaeTCs,
TecTUpyercss B "MPOOHBIX" BBIYMCIUTENBHBIX 3KcnepuMeHTax. Ilocine Toro kak ajaeKBaTHOCTD
(TocTaToO4HOE COOTBETCTBHE) TpUAIbl HCXOAHOMY OOBEKTY YyIOCTOBEpPEHAa, C MOJEINbIO
MPOBOJATCS Pa3HO0Opa3Hbie U MOJIpoOHbIe "OMBITH", Aatolue Bce TpeOyeMble KaueCTBEHHBIE U
KOJIMUECTBEHHBIE CBOWCTBA M  XapaKTepUCTHKU o0bekTa. llpomecc MopaenupoBaHus
COINPOBOXKAAETCA YJIYUIIECHUEM U YTOUHEHHEM, 10 MEPE HEOOXOAMMOCTH, BCEX 3BEHbEB TPUA/IbI.

bynyun wmetomonorueii, MareMaTHyeckoe MOJCIUPOBAaHME HE TMOAMEHsSeT coOoi
MaTeMaTHKy, GU3HKYy, OUOJIOTHIO W APYrue Hay4IHbIC NUCHIUIUINHBI, HE KOHKYPUPYET C HUMHU.
HaoGopoT, TpyAHO MepeoLeHnuTh ero CUHTE3UpyIomlyto poib. Co3nannue U NpUMEHEHUE TpUaIbl
HEBO3MOKHO O€3 OIIOphI Ha CaMbl€ pa3HbIE METOJbI U MOAXO0Jbl — OT KaYECTBEHHOI'O aHaIM3a
HEIMHEWHBIX MOJeNell 10 COBPEMEHHBIX S3BIKOB MporpamMMupoBanus. OHO [aeT HOBBIE
JIOTIOJTHUTEIbHBIE CTUMYJIBI CAMBIM Pa3HBIM HAIlPaBJICHUSM HAYKH.

PaccmaTpuBas Bompoc mupe, HallOMHUM, YTO MOJICJIMPOBAHKUE MPUCYTCTBYET MOYTH BO BCEX
BUJIaX TBOPYECKON aKTHUBHOCTH JIIOJEH pa3lMyHBIX 'clienuanbHOCTEH" — wucclienoBaTeneii u
npeanpuHUMaTeseil, MOJIUTUKOB W BOeHaudalbHUKOB. [IpuBHeceHne B 3TH cdepbl TOYHOTO
3HaHMS TIOMOTaeT OTrpaHUYUTh HMHTYUTHBHOE YMO3PUTEIbHOE '"MOJENHpoBaHME", paclIupser
noJjie MPWJIOKEHUH palMOHANbHBIX MeToa0B. KoHeyHO ke, MaTeMaTHuecKoe MOJETUPOBaHUE
IUTOIOTBOPHO JIMIIb IPU BBIMOJIHEHUH XOPOIIO HM3BECTHBIX MPO(ECCHOHATBHBIX TPEOOBAHMIA:
yeTkas (OpPMYJIHPOBKA OCHOBHBIX TOHATUH W TPEANOJIOKEHUHN, amoCTepHOPHBIA aHalu3
aJIeKBaTHOCTU HCIIOJB3YEMBIX MOJENel, TapaHTUPOBAaHHAS TOYHOCTh BBIYUCIUTEIbHBIX
aNropuT™MOB U T.1. Eciiu ke TOBOPUTH O MOJAETUPOBAHUU CUCTEM C YyYacTHEM '4eI0OBEYeCKOro
daxTopa"”, T.e. TpyAHO(POpPMATU3YeMbIX OOBEKTOB, TO K JITHM TpeOOBaHHAM HEOOXOIMMO
N00aBUTh aKKypaTHOE pa3rpaHUYeHHEe MaTeMaTHYeCKHX M JKUTCHCKUX TEPMHUHOB (3ByYallnX
OJIMHAKOBO, HO MMEIOUIMX pa3Hbli CMBICI), OCTOPOKHOE IPUMEHEHUE YXKe€ TOTOBOIO
MaTeMaTUYECKOTo amrmapara K M3yYeHUIO SBJICHHH M MpOLEeccoB (MpeArnoyTHTeNeH MyTh "OT
3a/a4M K MeToAy", a He HA000pOT) U s IPYTHX.

Pemass mpoGiembr nHpOpManmoHHOTO 0O0IIEecTBa, OBLIO OBl HAWBHO YIMOBAaTh TOJBKO Ha
MOIIb KOMITBIOTEPOB U UHBIX CpeAcTB HH(popMaTUKH. [10CTOSITHHOE COBEPIICHCTBOBAHHUE TPHAIBI
MaTeMaTUYeCKOT0 MOJEIMPOBAHUSA M €€ BHEIpPeHHEe B COBpPEMEHHbIE HH(POPMAIIOHHO-
MOJICJIMPYIOIIME CUCTEMBI - METOJOJOTMYECKHIl MMIepaTHB. JIMIIb €ro BBIIIOJHEHUE JAAeT
BO3MOXXHOCTh TOJIY4aTh TaK HYKHYIO HaM BBICOKOTEXHOJOTHMYHYIO, KOHKYPEHTOCIOCOOHYIO U
pa3zHOO00pPa3HYI0 MaTEPUATIBHYIO U UHTEJUIEKTYAJIbHYIO TPOIYKIIMIO.

3 du3nyeckoe MOIEJTHPOBAHUE U €r0 0COOEHHOCTH

Mogpens mpencraBisieT co0Oi CpeACTBO W CIIOCOO BBIPAKEHUS YEPT W COOTHOIICHHIA
O6’bCKTa, MMPUHATOTO 3a OpUTHUHAJI. MOHGHB — 3TO UMHUTAIHA OAHOTO UJIU psAga CBOMCTB 00BEKTA
C TIOMOIIBI0 HEKOTOPBIX MHBIX MPEIMETOB M SIBICHHA. MOJEIBI0 MOXKET OBITh BCIKUN OOBEKT,
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BOCIIPOM3BOAIINI TpeOyemble OCOOEHHOCTH oOpuruHaia. Eciu Moaens W OpurHHaI —
OJIMHAKOBON (U3MYECKOH NPUPOABI, TO MBI UMEEM €0 C (U3NYECKUM MOJEIUPOBAHUEM.
duznyecKkoe MOJEIUPOBAHUE IPUMEHAETCS KaK IIPUEM AKCIEPUMEHTAIbHOIO UCCIEI0BaHMs Ha
MOJIENIIX CBOMCTB CTPOMTEIbHBIX KOHCTPYKLMH, 34aHNHN, CaMOJIETOB, CY/I0B, KaK CIOCOO BBISB-
JIEHUS] HEJJOCTaTKOB B pab0OTE COOTBETCTBYIOIIMX CUCTEM M HAXOXKICHUS IyTeH UX yCTpaHEHMS.
Korna siBneHue onuchiBaeTcsi TOM )K€ CUCTEMON ypaBHEHHH, 4TO U MOJENUPYEMBbIH 0OBEKT, TO
Tako€  MOJEIMPOBAHUE HMEHYeTCs MareMaTudeckuM. Ecim  HEKoTopble  CTOPOHBI
MOJEIUPYeMOro o0bEeKTa NMpe/CTaBleHbl B BUJE (OPMAIBHONH CHUCTEMBI C MOMOINBIO 3HAKOB,
KOTOpas 3aTeM H3Yy4aeTcsl ¢ LIEeJbI0 NEpPeHoca MOIYYEHHbIX CBEJCHHI Ha caM MOJAEIHPYEMBIN
00BEKT, TO MBI UMEEM JIEJIO C JIOTHYECKU-3HAKOBBIM MOJETHUPOBAHUEM.

MonenupoBaHue HrpaeT OrPOMHYIO 3BPUCTUYECKYIO pPOJIb, SABIAACH IPENNOCBUIKOM
HOBOH Teopuu. MojenupoBaHue NOJIYy4aeT IIHPOKOE MPUMEHEHHE IOTOMY, YTO OHO JaeT
BO3MOXXHOCTh OCYILECTBIISITh HCCIIEJOBAaHHE IPOIECCOB, XAapaKTEPHBIX JMJI1 OpUIrMHAIa, B
OTCYTCTBHE CaMOro OpHUIMHaja. OTO 4acTo ObIBaeT HEOoOXOAMMO H3-3a Heyao0cTBa
UCCIIEIOBaHMsI camMoro oOOBEKTa M IO MHOTMM JApPYTUM COOOpaXEHUSM: JOPOrOBHU3HBI,
HEIOCTYIHOCTH, HEOO03PUMOCTH €ro U T.II.

CyliecTBEHHOE 3HAu€HUE B IMO3HABATEIbHOW AEATEIBHOCTH MMEET TaKOM METOoH, Kak
bopmanu3zanus — o6o01eHne GopM pa3IMUHBIX 10 COAEPKAHHUIO MPOLIECCOB, a0CTparupoBaHue
3TUX (opM OT uX coaepkaHus. Besdkas ¢opmanuszanus HEM30EKHO SABISETCS HEKOTOPBIM
orpyOJeHHEM peaIbHOTO 00BEKTA.

®uznyeckoe MoaeanpoBanue MeTos CBOAUTCS OOBIYHO K M3YYEHUIO MOJENEH, K-pble
OTJIMYAIOTCS OT 00BEKTa MOJEJMPOBaHHe Maciutabamu (Hamp., Jad. U NPOMOAeTHPOBAHHE
peakTopel). B ocHOBe Qu3nyeckoro MoAeTHpPOBAHHE JIEXKAT no00OUs meopus W AHAIU3
pa3MepPHOCTEN.

HeoOxonuMbIM yciioBueM (pU3NYECKOTO MOAEJIMPOBAHME SIBISIETCS PABEHCTBO B OOBEKTE U
€ro MOJIEJH T. Ha3. KPUTEPHEB 110100Us, IPEICTABIIAIONINX COOOM oIpeesieHHbIe 0e3pa3MepHbIe
KOMOMHAIMK pa3il. (u3. BEIUYHMH, OKAa3bIBAIOIIMX BIMSHHE HA IapaMeTpbl 00bEKTa U MOJEIH.
Ha npaktuke obecnednTs ykazaHHOE yCJIOBHME B Clydyae PAaBEHCTBA HECK. KPUTEPHEB IOJ00MS
Yype3BbIYalHO TPyOHO, €CIM TOJBKO HE JeNaTb MOJENIb TOXAECTBEHHOM OOBEKTY
mMoJeaupoBanne [TorTomy ucnonb3yeTcst NpuOIMKEHHOE (PU3NUIECKOe MOAeTHPOBAHME, IIPU K-
POM BTOPOCTENEHHBIE MPOLIECCHI, MPOUCXOASIINE B 00BEKTE, JTUOO0 HE MOJEIUPYIOTCSI COBCEM,
oo  MmopjenupyroTcst npubmmxkeHHo. Hamp., MaccooOMeHHass TapenbuaTas —KOJIOHHA
MOJIETIMPYETCS HACATOUYHOM J1a0. KOJIOHKOM; MpU 3TOM NMOA0OME THAPOAMHAMHUY. OOCTAaHOBKHU B
00BEKTE U MOJENU HTHOPHPYETCS, a MOJCIUPYETCs JHILIb Pa3/IeIUT. CIOCOOHOCTh ammnapaTa,
onpezenseMas TEPMOJIUHAMUY. 3aKOHOMEPHOCTSIMU MexX(pa3zHOTo paBHOBECHS.
JlocTOMHCTBa (PU3MUECKOr0 MOAETHPOBAHME: BO3MOXKHOCTb M3Y4EHHUS! OOBEKTOB C MEHBIIUMHU
3aTpaTamM (ChIpbsl, YHEPIHH, BPEMEHH); BO3MOKHOCTb UCCIIEN0BaHUS O0OBEKTOB, B K-pbIX (hU3.-
XMMOJeJTUPOBAHME CYIIHOCTb IIPOLIECCOB MaJI0 U3y4YEHa; BO3MOKHOCTh POBEIEHHUS HA MOAEIH
U3MEpEHMI, CIIMIIKOM CJIO’KHBIX Ha o0BeKTE MO/ieIUPOBaHUeE
Henocratku MeToza: BO3MOXKHOCTb MPOSIBIEHUS COOCTB. CB-B  MOJENU  BCIEACTBHE
HECOOTBETCTBUSl KpUTEpUEB 1moaoOus oObekTa M Mojeau (Hamp., pasil. YCIIOBUS
IepeMeIINBaHMs); HEOOXOAUMOCTh IPUMEHEHUS  aHAJOTHMYHBIX  KOHTPOJIBHO-U3MeE-pUT.
npuOOpoB Ha MOJENU U OOBEKTE; OTHOCHUT. CIOXKHOCTb IOCTPOEHHUS (U3. MOAEIH, OOBIYHO
IpeCTaBIAIoIIEH COO0H 3HAUNTENBHO YMEHBIIEHHYIO KOIIHIO 00bEKTa; TPYJHOCTh JOCTOBEPHON
OKCTPANOJSIIMM  PE3yJIbTaTOB Ha Jp. MaclTaObl M3-32 IIOJHOTO OTCYTCTBHUS HAaJEKHBIX
KPUTEPHEB JOCTOBEPHOCTH MacuiTabHoro mnepexona. HecMoTps Ha mnepeduci. HEAOCTATKH,
¢uznueckoe MOJEJIMPOBAHUE YACTO CIYKUT E€IUHCTB. CP-BOM HCCIIEIOBAHMUSI XUMUKO-TEXHOIL.
nporeccoB (0COOEHHO Mallo M3y4eHHbIX). [IpM 3TOM OHO BO MH. cCilydasx MpeAlIecTBYET
MaTeEMaTUYECKOMY MOJeJMPOBaHUe, SBIAACh MCTOUHUKOM SKCIIEpUMOAECIHPOBAHHE JTaHHBIX
JUIs IOCTPOCHUS U IPOBEPKU MaT. MOZEIEH.

4. MeToanl Noao0Ms1 B MEXaHUKeE
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Heuscenue mamemamuuecko2o MaamuuKka

B kadectBe mepBOro mnpuMepa Mbl pacCMOTPUM KJIACCHYECKUN IMPUMEP O ABUKEHUU
MaTEMaTUYECKOTO MasiTHUKA.

Marematuyeckuit MasTHUK (puc. 1) mpenctaBiseT coOOM TKEIYIH0 MaTepHUaIbHYIO
TOUYKY, TOJBEIICHHYI0O Ha HEBECOMOM M HEpacTsDKMMOM HMTH, KOTOpas 3aKpeIuleHa APYTUM
CBOMM KOHIIOM HenoABUk HO. COBOKYITHOCTh BO3MOKHBIX JBUKEHUN Mbl OTPAHUYHUM YCIIOBUEM,
YTO ABM)KEHMSI MaATHUKA IIJIOCKHE.

:“E_-.:n

B
Puc. 1. MaremaTu4ecKuil MasgTHUK.

Bsenem 0003HaUEeHHS: | — mimHa MaATHHKA, (G — Yrojl MEXIy HUTBIO H

BEepTUKAIIbIO, t — BpeMs, m — Macca Trpy3a u N — HaTsbDkeHHMe HUTH. Ecim mpeneOpeub

CUJIaMU  CONPOTHUBICHUSA, TO 3ajJada O JABW)KCHUU MAasTHUKA IIPUBOJUTCA K PEILICHUIO
YpaBHEHUU

d? :

dtgo :—§51ngo, (1)
2

m(%} [ =N-mgcosp (2)

C HAYaJIbHBIM YCIIOBUEM
pu t=0 o=@y u @ =0,
dt

T. €. 32 HA4YaJbHbII MOMEHT BPEMEHHU MPUHAT TOT MOMEHT, KOTJa MasiTHUK OTKJIOHEH Ha
yroJl (09, @ CKOPOCTh paBHA HYIIO.

U3 ypauenuit (1), (2) u HayanbHOrO YCIOBHUS OUYEBUAHO, UYTO B KauecCTBE
OTIPEACIIAIONINX TAPAMETPOB MOXKHO B3SITh CJIECIYIOIIYIO CUCTEMY:

t, 1, g, m, @o.

YucnoBble 3HaYEHHSI BCEX OCTaJIbHBIX BEJIMYUH OMPENESIOTCS MOJHOCTHIO 3HAUCHUSMU

3TUX nmapameTpoB. CrenoBaTeNbHO, MBI MOKEM HANUCATh
=0 (ta Do, 1’ g, m)’ N:mgf(t’ ®o, 1’ g, m) (3)
rae ¢ u f — 6e3pazMepHbie BETUUYUHBI.

Yucnosble 3HaueHUs (GyHKIUNA ¢ U f He MOMKHBI 3aBUCETh OT CHUCTEMBl EIUHUIL
u3Mepenus. Bug stux QyHKIU MoxkHO ompenenuTs aubo0 pemras ypasHenus (1) u (2), mbo
9KCIIEPUMEHTAIBHBIM CITIOCOOOM.

N3 o6mux cooOpakeHUi, HM3T0KEHHBIX BBIIIE, BBITEKAECT, YTO IMSITh AapryMEHTOB
byHkuit @ u f MOKHO CBECTH TOJBKO K JBYM apryMeHTaM, KOTOpBIE MPEACTaBISAIOT COOOM
Oe3pa3MepHble KOMOWHAIIMM, COCTAaBJICHHbIE W3 t, |, g m m @), TaKk Kak HMEIOTCS TpHU
HE3aBUCHUMbIE €TUHUIBI U3MEPEHUSI.

W3 BemmumH t, 1, g m uW @p MOXHO COCTaBUTH JBE HE3aBUCHUMBbIE Oe3pa3MepHBbIC
KOMOHMHAINH

Qo " t % (4)
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Bce npyrue 6e3pa3mepHble KOMOMHALIMH, COCTABICHHBIC U3 t, 1, g, m 1 @ WK BooOIIE U3
TOOBIX BEJIUYHH, OMPESIAEMbIX 3THMH IapaMeTpamu, OynyT (QyHKIusMu KoMOuHanui (4).

CHCHOBaTCJIBHO, MO>KHO HaIlnucaTtb
g
0= Pty |- (5"

g
N =mgf| ¢,,t T (5"
®opmyist (5), MOTyYSHHBIE ¢ TIOMOIIBIO METOJIa Pa3MEPHOCTH, MOKA3bIBAIOT, YTO 3aKOH
JBUKCHHSI HE 3aBUCUT OT MAacChl Tpy3a, a HATSHKCHHE HHUTU MPSIMO MPOMOPIHUOHAIBLHO Macce
rpy3a. OTH BBIBOJBI BBITEKAIOT TAK)KE HEMOCpPEACTBEHHO W3 ypaBHeHui (1) m (2). Benmuuny

fy/g/l MOXKHO paccMaTpuBaTh Kak BPEMS, BBIPAKEHHOE B CIENUAILHONH CHCTEME €MHUIL

U3MEpEeHHs, B KOTOPOW HAJMHA MasTHUKA U YCKOPEHHE CHJIbI TSHKECTH HPUHATHI PaBHBIMU
eAMHUILE.

O6o3HaunM yepe3 I’ kakoi-HUOYIh XapaKTepHBIH NMPOMEXKYTOK BPEMEHHU, HaIpUMep
BpeMs JBW)KCHHS MasTHHKAa MEXIYy KpalHUM W BEPTUKAIBHBIM IMOJOXCHHSIMH WIA MEKIY
IBYMsI OJMHAKOBBIMU (pazaMu, T. €. Mepuoja KoieOaHus, U T. 1. (CyUIECTBOBaHHE MEPUOIM-
YECKOr0 JBI)KCHHUS MOXHO NPHUHATh Kak TUIIOTE3Y WM Kak pe3yJbTaT, W3BECTHBIN U3
JOTIOTHUTEIBHBIX JaHHBIX). IMeeM

/
= f(o,,l,g,m)= \/gfz(@)’l:g’m)-

bynaknus f; npeacrasisieT codoit 6e3pa3MepHyIO BEIMUNHY, a TaK Kak u3 |, g 1 m Henb3s
COCTaBHUTH Oe3pa3MepHyI0 KOMOMHAIINIO, TO OYE€BUIHO, 4TO (yHKIMA f> He 3aBHCHUT OT |, g U m.

CiegoBaTeibHO,
/
F:\/gfz((po)- (6)

@®opmyna (6) ycTaHaBIMBAET 3aBUCHMOCTh BpeMeHH [ oT /uimHbl MasTHHUKA. [lomyduTs
Bun ¢yakuun fr(Qp) ¢ TOMOIIBEI0 TeopwH pasMepHOCTH Henb3sa. Onpenenenue (o)
HE00XO0IUMO MPOU3BECTH JIMOO TEOPETUUECKH, Ha OCHOBaHUU ypaBHeHus (1), mnbo sxcrepumen-
TaJbHO.

®opmyny (6) MOXKHO MOITYYUTh HEMOCPEACTBEHHO U3 cooTHoweHwui (5'). B camom nexne,
JUTs TIeprojia Konebanuii cooTHomeHue (5') gaet

Oy =@ (/)Oar\/%

Pemrast 5T0 ypaBHeHue, moxyduM Gopmyiy (6).

Ecnu I' ectb nepuon konebanusi, To U3 COOOpakeHUN CUMMETPUN OUYEBUTHO, YTO MEPHOJ]
I' He 3aBucHT OT 3HaKa @, T. €.

f2(@0)= £2(-¢o).

CrnenoBarenbHo, GpyHKIHUs f; sBIsieTcss yeTHOW (yHKIMeEH aprymeHTta ¢o. Ilpeamomnaras,

YTO MPHU MaJBIX Qo GyHKIHS £r(() peryisipHa, MOKHO HAIMKCATh
£2(Po) = €1 + C200” + C390" +... (7)

Jlnsa maneix KojeOaHUN YiIEHBI CO CTENEHSMH @) M BBIIIE MOKHO OTOPOCUTH, M AJIS

nepuona I MbI momydaem Gpopmyry

I'=c |—. (8)
g
Pemenue ypaBuenus (1) mokassiBaet, 4to ¢; = 2m. Takum 06pa3om, MbI BUAUM, YTO JJIS
ManbIX KoyieOaHWil MasTHUKA C MOMOIIBIO TEOPHUH PA3MEPHOCTH MOXKHO MOJIY4YUTH (HOpMyIy
nepuo/ia KojebaHusi MassTHUKA C TOYHOCTBIO /IO TIOCTOSTHHOTO MHOYHTEJIA.
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®opmyinbl (5) u (6) coxpaHSAT CBOIO CHPABEAJIMBOCTh U B TOM Cllydae, €CJIM BMECTO
ypaBHeHus (1) Mbl BO3bMEM ypaBHEHHE
Lo __2 1)
- s
ar’ l
rae f(p) ects mobas Gynkmus yriaa ¢. BooOmie cnpasemmuBocth dhopmyn (5) u (6)
BBITCKACT W3 E€JAMHCTBEHHOTO YCIOBHS, KOTOPOE COCTOMT B TOM, YTO COCTOSIHHE JBHIKCHUS
oTpezieNisieTcs mapaMeTpaMu

t, 1, g, m, @o.
s ycTaHOBJIEHUS 3TOM CUCTEMbl MapamMeTpPOB HaM MOCTYKWJIM YpaBHEHUS JIBHKEHUS,
HO €€ MOXXHO yKa3aTh M He mpuberas K ypaBHEHUsM JBWXKeHUA. B camom nene, nms
XapaKTepUCTUKH MasTHHKA Hamo yka3aTh | m m. [lanee HeoOXoauMo yKaszaTh g, TaK Kak
CYIIHOCTh SIBJICHHS ONpenessieTcs cuiiol Tsbkectu. Hakonen, HE0OX0IMMO yKaszaTh (g H f, Tak
KaKk KOHKPETHOE JBW)KEHHUE M COCTOSIHUE JBWIKCHHUS OIPEIECTSAIOTCA YIJIOM KpailHero
OTKJIOHEHHS (g U pacCCMAaTPUBAEMbIM MOMEHTOM BPEMEHHU 1.
Hcmeuenue mascenoii ncuoxocmu uepes 6000C1U8
PaccMoTpuM 3amauy o CTpyHHOM ABMXKEHHMH TSKEJION JKMJIKOCTH 4epe3 BOAOCIHB (puC.
2), KOTOpBIA TpEICTaBIsIeT COOOW BEPTUKAIBHYIO CTEHKY C TpPEYTOJbHBIM OTBEPCTHEM,
pPacnoyioKEHHBIM CUMMETPUYHO OTHOCHUTEIHHO BEPTUKANIM, MPUYEM YTOJ OTBEPCTHS 0 PaBEH
90°. XXuakocTh BBITEKAeT IOJ HAMOPOM h, KOTOPBIM paBeH BBICOTE YPOBHS >KHIKOCTH HaJ
BEPIIMHON TPEYTroJIbHUKA HA JATICKUX PACCTOSHHIX OT OTBEPCTUS BOJOCIHBA. J{JIsl MPOCTOTHI MBI
MPUMEM, 4YTO COCYJ, B KOTOPOM HAaXOJUTCS KUJIKOCTh, OYEHb BEJIMK, U MO3TOMY JBUKECHHE
KUJKOCTU MOXKHO CUMTATh yCTaHOBUBIIMMCS. [Ipu cTpyilHOM NBHXKEHUM KHJAKOCTH OCHOBHOE
3HAYEHHWE MMEIOT CBOMCTBAa MHEPIMU U BECOMOCTH, KOTOPBIE XapaKTEPU3YIOTCS 3HAYCHUSAMHU
MJIOTHOCTH P U YCKOPEHUS CUIIBI TSXKECTH g.

Puc. 2. Ileperexkanune TSKeN0M )KUIKOCTH YEPE3 BOJOCIHB.

VYcTaHOBHBILIEECS TEUEHHUE XUAKOCTH 4YEPE3 PacCMAaTPUBAEMBIM BOJOCIIMB IOJHOCTBIO

OIpEENACTCS CIEAYIOIUMY TapaMeTPaMHU:
p’ g: h

Bec xmaxoctu Q, BBITEKAIOIIMN Yepe3 OTBEPCTHE BOAOCIMBA B €AUHHILY BPEMEHH,

MOXeT ObITh (PYHKIIMEH TOJIBKO 3THX IapaMeTpPOB
Q=1(p, g, h).
C nomo1uip0 TeOpUH Pa3MEPHOCTH HETPYIHO HAWTH BUJ 3ToH QyHKIMH. B camom xerne,

pasmepHOCcTh Q paBnsercsa krc/c. KomOumarms pgh’y/g/h Takxke mMeeT pasMepHOCTH Krc/c.
[TosTOMy OTHOLIEHHE

0
s

ABIsieTCs Oe3pa3MepHOl BEIMYMHOM. DTO OTHOLIEHUE ABIseTcsl QyHKIMEH BEJINYMH p, g,
h, 13 koTOpbIX HENb3s 00pa3oBaTh Oe3pa3zMepHON KOMOMHALIMU, IO3TOMY MOYKHO HaIlUCaTh

_9 _¢
e
NI
0=Cpg"h™, ©)
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rae C ecTh aOCONIOTHAs MOCTOSHHAS, KOTOPYIO MPOIIE BCErO ONPEICIUTh U3 OIbITA.
[Tony4yeHHass ¢GopMyina TOJHOCTHIO OMpPEICISACT 3aBHCUMOCTh KOJHUYECTBA MPOTEKAIOIICH
KHUJIKOCTH OT Harmopa h u OT MIOTHOCTH p.

COBOKYITHOCTh paccMaTpUBaEMbIX JBM)KEHUI MOYKHO PacCIIUPHTh, TOIYCKas BOJAOCIUBEI
C pa3IMYHBIMH yIJIaMH o. B 3TOM ciiydae cucTema OmpenelsiouX MapaMeTpoB TOMOTHSIETCS
yriiom o, u popmyia (9) mpumer B

3 5
0 =Cla)pe ™, (10)
T. €. K03 urment C Oyner 3aBUCETD OT yIJia .

Ecnu BomocanB nMeeT npsMOyroiabHYI0 GOpMy HIMPHHON b, TO cucTeMa OnpeieNsonnx
napaMeTpoB OyaeT

p, g h,b.
Bce Oespa3mepHble BEeTHMYMHBI ompenensiorcs napamerpoMm h/b. @opmyna (9) B 3Tom
cllydae 3aMEHUTCS CIEeAYIOIIeH:
h 3/ 5
0- f[;jpg@ﬁ . (1)

Oynaknuo f(h/b) MOXHO ompenenuTh OMBITHBIM ITyTeM, HaOMomass TEYCHHE Yepe3
BOJIOCJIMB PA3IUYHON MMUPHHBI b, HO ¢ MOCTOSHHBIM h. OmpenenuB TakuM Croco0oM () YHKITUIO
f(h/b), popmyimy (11) MOKHO TPUMEHSATH K CIIy4asiM TIOCTOSTHHOW IITUPHHBI b=const, HO ¢ pa3Iny-
HBIM Harmopowm h, T. €. K ciiydasiM, B KOTOPBIX OIBIT HE TPOU3BOTUIICS.

DTOT TpUMEp MOKa3bIBaeT, YTO COOOpaKEHHs, MOJYYCHHBIC C TIOMOIIBI0 METOAA
pPa3MEpPHOCTH, MOTYT TPUHOCUTH OOJBIIYIO IONB3y TPHU TOCTAHOBKE OIBITOB, MO3BOJISS
OTPaHUYUBATH WX KOJMYECTBO U MOITYYaTh OJaroaaps 3TOMy 3KOHOMHUIO HE TOJBKO B CPEJCTBAX,
HO M BO BpeMcHHU. V3MeHEeHHe OTHUX BEJIMYMH MOXKHO 3aMEHSTH B OIBITaX M3MEHEHUEM JIPYTHX
BeMYMH. Ha OCHOBE ONBITOB, MPOU3BEICHHBIX C BOJIOW, MOKHO JIaTh UCUEPIBIBAIOIINE OTBETHI O
SIBJICHUU BBITEKaHUSI HEQTH, PTYTH U T. 1.

5. 3akir04enue

Tpu Teopembl 10100MsI COCTABIIAIOT IVIABHYIO OCHOBY TEOPHUH ITOA00MS.

Bot kpaTkoe cofep:kaHue U3J10)KeHHON TEeOpUH MOA00Us:

D)IlonoOuble sBIEHHUS MPOTEKAIOT B TEOMETPUYECKH TMOJOOHBIX CHCTEMax W
OIHUCBIBAIOTCS OYKBAIbHO OAMHAKOBBIMU YPABHEHUSMH CBSI3H.

OTu ypaBHEHUS AOJDKHBI ObITh O€3yCIOBHO MJIM YCIOBHO OJHOPOIHBIMH.

2)VCIoBHO OAHOPOAHBIMU (PU3MUECKUE YpaBHEHMsS AETAOTCS MPUCOCAMHEHUEM K HHUM
«00yCJIOBIMBAIOIIMX PABEHCTB», KOTOPBHIE YCTAHABIMBAIOT PABEHCTBO E€AMHUIIE WHIUKATOPOB
nogo0usi, MOJYYalolUXCs W3 YpaBHEHWM, WM, 4TO TO K€, OJAMHAKOBOCTh Ul MOJOOHBIX
SIBJIGHUN KpUTEpUEM NOJ00us.

3)OnHoponHBIE ypaBHEHHS MOTYT OBbIThb IpPEACTaBIEHbl KaK (YHKIUU CTEHNEHHbBIX
KOMIUIEKCOB (KpUTEPUEB) U CUMILJIEKCOB.

Takue «xpurepuanbHbIe» ypaBHEHUS YUCICHHO OMHAKOBBI IS BCEH TPYIIIBI MOJOOHBIX
SIBJICHUI.

4)[TooOHBI Te sABJIEHUSA, YPAaBHEHHUE CBSA3M KOTOPHIX OYKBEHHO OJMHAKOBBI U YCIIOBHS
OJIHO3HAYHOCTH KOTOPBIX MOJOOHBI, T. €. Y KOTOPHIX OJHOMMEHHBIE MOHOBAJIEHTHI (BEJIUYUHBI,
BXOJSIIME B YCJIOBUS OJHO3HAYHOCTHM) HAXOMATCS B UUCIEHHO IMOCTOSIHHOM OTHOUICHUH, a
OJIHOMMEHHbBIE MOHOBAJICHTHbIE (ONPEAEISAIONINE) KPUTEPUH OJUHAKOBBI.

Teopus mogobus naet, cienoBaTeabHO, OOLIME METOINYECKUE YKa3aHUs, KaK IOCTyNaTh
B KaX/JOM OTAEIbHOM CiIy4yae IIpU aHajlu3€ YPAaBHEHMH, ONMCHIBAIOLUIUX SBICHHUE, IpU
IIOCTAaHOBKE U 00pabOTKe AAHHBIX ONbITA HAJ HUM M IPU PACIPOCTPAHEHUU PE3YIbTATOB OIBITA
Ha japyrue siBiaeHus. Ecinu ke naHa HaTypa M UCCIENOBAaTh €€ XOTIT Ha MOJAEIHU, TO Teopus
noJ00HUs COAEP)KUT METOAMUYECKHE YKa3aHUS IO pacueTy U IMOCTPOCHHUI0 MOJEIH, MOJ00HOH
HaType.
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OcCHOBHBIE METOJUYECKHE YKa3aHHE O MPUMEHEHUU TEOPHUM MOA0OMS K OIBITY, OyAb TO
bu3nueckoe IKCIEepPUMEHTUPOBAHNE UM TEXHUYECKOE MOAETHUPOBAHNUE, COCTOUT B CIEIYIOLIEM.

[Ipn uccnenoBaHuM SBIEHUS HAJO YCTAHOBUTH I HETO YpaBHEHHUS CBSI3M, NAIOILIUE
B3aMMHYIO CBS3b (DU3MUYECKHUX BEJINYMH, YIACTBYIOIIUX B SBJICHUU.

OTu ypaBHEHMS JOJIKHBI ObITH (POPMYIMPOBAHBI Ui TOTO YaCTHOTO Ciy4yasi, KOTOPBII
ABIsieTCd 00BEKTOM HucciiefioBaHus. IlpucoequHenne K HUM yCIOBUH OJHO3HAYHOCTU JIEaeT
MCCJIEJOBAHHUE ONPECIICHHBIM U I103BOJISIET IPUMEHUTH TEOPHUIO MOI00US.

[TosToMy BO Bcex ciydasx, KOTJa YpPaBHEHHUS CBA3M MOTYT ObITb HalJ€HBI, METOA
aHAJIN3Y ypPaBHEHUN €CThb €JUHCTBEHHO IPABWIBHBIM NyTh NPUMEHEHUS TEOPUM IOAOOMS U
TOJIBKO TOIZa, KOIZla YCTAHOBUTh MAaTEMAaTHYECKYH0 3aBHUCHUMOCTb MEXKIYy BEJIMYMHAMM,
XapaKTepU3yIOIIMMH SIBIIEHUE, HE YAAeTcsd, HAIIEKUT OOpaTUThCA K METOAY aHaau3a
pa3MepHOCTU. DTOT IMyTh MEHEE HAJEKEH U MMO3TOMY PE3Y/IbTaT €ro He0OXOIUMO MPOBEPATH Ha
onbiTe. MIM He cinexyeT npeHebOperaTh, Tak Kak BO MHOTHX CIIy4asX aHaJIU3 Pa3MEpPHOCTH JAeT
pu 00pabOTKE OIBITOB LIEHHBIE BBIBOJIBI.

B Hacrosiiiee Bpemst Teopust TOA00MS UMEET CIIEYIOIINE HAIIPABICHUS.

IlepBbIM 1O BpeMEHU HaNpPaBICHUEM SBISETCA MPHIOKEHUE TEOpUU MOJ00us K
U3YYEHHUIO Pa3HOOOPa3HbIX TEXHUUYECKUX COOPYKEHUM U MOJETEH.

MogenupoBaHue CTajlO0 MOILIHBIM CpPEACTBOM [Uuld OOHAapyKeHHs  pa3IM4YHbIX
HEJ0CTaTKOB, UMEIOIIMNXCS B CIEAYIOUIMX TEXHUUYECKUX YCTPOMCTBAX, U JJI U3BICKAHUA ITyTEH K
UX YCTPAHEHHUIO.

Janee MonenupoBaHHE YK€ CTajl0 IIMPOKO TPUMEHATHCA A IPOBEPKU BHOBB
KOHCTPYUPYEMBIX OOBEKTOB, TaK 4YTO JO HUX BBINOJIHEHHUS, B IpOLECCE MPOEKTUPOBAHMUS,
MOJIEJIMPOBAaHUE I03BOJISIET COBEPIICHCTBOBATh HOBBIE, €IlI€ HE ONPOOOBAHHBIE HAa IPAKTUKE
KOHCTPYKLUH.

Teopuss momgobus Hamula Takke NPUMEHEHHE IpHU 0000LeHHMH pabouMx IMoKa3aTenei
LEJIBIX TPYNI OJAHOTHUIIHBIX MAallMH U YCTPOWCTB, TaK YTO HAa OCHOBAHHUU OOpPaOOTKH JTaHHBIX
MHOT'OYNCJIEHHBIX MCIBITAHUM OKAa3bIBA€TCS BO3MOXKHBIM CO3/JaBaTb HOBBIE, OCHOBaHHBIE Ha
KPUTEPHSIX 110100us, CIOCOOB! pacueTa pa3iIn4HbIX TEXHUYECKHX O0OBEKTOB, KOTOPbIE MPUBOMIST
K YCTaHOBJIEHHMIO PAalllOHAJIBHBIX, CBA3AHHBIX C 3KOHOMUEN 3HEPTUU PEKUMOB.

Teopus momobus crasa HaydyHOH OCHOBOW OOOOLICHMS NaHHBIX (U3MKO-TEXHUYECKUX
UCIIBITaHUH, CBOErO poja TEOPUEH SKCIEPUMEHTA, YKa3bIBAIOLIEH BO BCEX TEX CIIydasX, KOIAa
pemenue nupdepeHInaNbHbIX ypaBHEHUH (PU3MKN HATAJIKUBAeTCA Ha TPYAHOCTH, NMyTh K TaKOH
IIOCTAaHOBKE OIBITOB, YTO HX pE3yJbTaThl MOTYT OBITh pPacHpOCTPaHEHbl Ha BCIO 00JIacTh
U3Yy4aeMBbIX SIBJICHUM.

B nocnennee Bpemst Teopust MoAo0Ms HE TOJNBKO HCIIOJIB3YET ypaBHEHUS (U3MKHU IS
0000111eHUs ONBITHBIX JaHHBIX, HO U , 0OpaTHO, MpHU BbIBOJE AU(p(EepeHInaNbHBIX YpaBHEHUN
OHAa JaeT yKa3aHUs, C OJHOW CTOPOHBI, O BBEJCHUU B YypPaBHEHUS KPUTEPUEB MOAOOUS U
0e3pa3MepHbIX NEPEMEHHBIX U, C JIPYroil CTOpOHBI, 00 MCHOJIb30BAHUU O0OOIIEHUS METOAAMHU
TEOpUHU NMOAO0OUS ONBITHBIX JAHHBIX, SBJSIOLIMXCS UCXOAHBIMH JUIsl COCTABIICHUS ypaBHEHUI. B
KayecTBE IpuUMepa d3TOr0 HOBOIO HANpaBJIEHUS TEOPUU TMOA0OUS MOXKHO IPUBECTH
YCTAaHOBJIEHUM s TYypOYJIEHTHOIO IOTOKAa aBTOMOJEIBHOCTU OTAEIBHO JUIsI IOTPAHUYHOTO
CJIOSl M OTZENBHO AJIS TYpOYJIEHTHOTO sJIpa, YTO MO3BOJISIET NOJYYUTh 00jiee MPOCTYIO U TOYHYIO
(bopMyiy rHIpaBIMUYECKOr0 CONpOoTUBIeHU TpyO. Takum oOpa3oM, Teopus noao0us Ha HAIMX
IrJ1a3aX CTAaHOBUTCSI HEOTHEMIIEMOM YaCThIO TEOPETHUECKON (PU3HKH.

1. 3 Jleknusa Ne3 (2 yaca).

Tema: «MaremaTu4ecKkue MOAeJN HAIEKHOCTH CUCTEM 00CTYKMBAHUS CEJIbCKOI0
X03s1iicTBa)»

1.3.1 Bonpochl JieKnum:
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1. TeopeTI/I‘leCKI/IC IMOsACHCHU A

1.3.2 KpaTkoe coaep:xkaHue BONPOCOB:

1. TeopeTnyeckue MOSICHEHUs

Bo mHOrmx ClIydadXx BO3HHUKACT 3aJa4a Ha OCHOBC HMMCIOIINXCSA OaHHBIX Ha6JIIO,HeHI/II71
WIM WCIBITAHUA Ha HAAEKHOCTb OIpENeIUTh 3aKOHBI paclpeselieHus IoKaszarenei, Kak
HEKOTOPBIX CIIy4alHBIX BEJIUYMH.

K coxanenuto, B HacTosIIee BpeMsl He CYIIECTBYET HUKAKOTO CItoco0a HemoCpeICTBEHHO
IMOJIYYUTh U3 HCKOTOPBIX CTATUCTHYCCKUX NAHHBIX MATCMATHYCCKYIO MOICIIb (MaTeMaTI/I‘ICCKOC
BbIpaXXCHHE) 3aKOHA paclpelesieHus Tmoka3arens. l3BecTHble METOIbI MO3BOJISIOT JIHILIb
MMOATBCPAUTDH (I/IJII/I HE HOHTBCpHI/ITB) COOTBCTCTBUC HAHHOI'O CTATUCTHYCCKOI'0 Marcpurajia
HEKOTOpOW 3apaHee BBIABHHYTOW THIIOTE3€ O 3aKOHE pacmpeneneHus. Takum oOpazom,
npolenypa HaXO0XKACHUS XOpoIled MaTeMaTHuecKOW MOJEeNH - 3aKOHa pachpeneieHus
CIIy4aifHOM BEJIMYUHBI, BCET 1A CJIaraeTcsl U3 AByX JTaIoB:

1. BBI,HBI/I)KGHI/IG TUIOTE3 O MATCMATUYCCKUX MOJCIAX PACTIPCACICHUA.
2. HpOBepKa COOTBCTCTBUA BBIABUHYTBIX THIOTEC3 HWMCIONIUMCA CTATUCTUYCCKUM

JAHHBIM.

['umore3sl 0 3aKOHE pacrpeneseHus] MOTYT BBIIBUTaThCAd HA OCHOBE TEOPETHYECKOIO
aHanu3a (u3MYECKOW TPHUPOABI M CBOWCTB pacCMaTPUBAEMOW CIydyalHOW BEITWYUHBI.
HCTOYHMKOM 3TUX THIIOTE3 MOXKET CIIYKUTh MIPEABAPUTEIbHBIN aHAIN3 TEXHUYECKUX CUCTEM Ha
JTanax MPOEKTUPOBAHUS, MCHBITAHUM W HKCILTyaTallMd, a TakKe MPU OLIEHKE NPaBUIbHOCTH
YCTaHOBJICHUS U MPOJIEHUS PECYPCOB U CPOKOB HX KCILTyaTalluH.

3HaHUE TEOPETUUYECKUX 3aKOHOB PACIPEECICHUS MOKa3aTeael Hale)KHOCTH MAallluH JaeT
BO3MO>XHOCTb TIPOTHO3UPOBATh HAAEKHOCTh TEXHUKH HA OMNPENCIICHHBIN MEPHUOJ C 3aJaHHOMN
BEPOSATHOCTHIO, IJIAHUPOBATh CPOKH U TPYAOEMKOCTH PEMOHTa, ONTHUMHU3HPOBATH OOBEM
3aMacHbIX YacTel U MaTEPHUAIOB U pPeliaTh APYyrue 3a1auH.

MHoroneTHUl ONBIT HCCIENOBAaHUS HAIEKHOCTH aBTOMOOWJIEH IOKa3bIBaeT, 4YTO B
KaueCTBE MATEMAaTUYECKUX MOJENEH B OCHOBHOM MOKHO HCHOJIB30BATh OTPAHUYEHHOE YHCIIO
3aKOHOB PacCIpeesICHUN CTy4aiHbIX BEJIUYHH:

- HOpMaJIbHOE pacupenenenue (pacnpenenenue ["aycca);

- pacupenenenue Belibynna;

HKCIOHEHIMATIbHOE (IT0Ka3aTeIbHOE) pacipeiesieHue

HopmMmanbHoe pacripeneneHie 04eHb YacTO UCIIOIb3YETCs Ha IPaKTUKE.

OcHOBHast ero OCOOEHHOCTb COCTOMT B TOM, 4YTO OH SBJIAETCS TaK Ha3bIBA€MbIM
IpelelbHBIM 3aKOHOM, K KOTOPOMY HpHOIMKAIOTCS Jpyrue 3akoHbl. Pacmpenenenue
1oKa3aress MOAYMHSIETCS HOPMaJIbHOMY 3aKOHY, €CIIM Ha U3MEHEHME IO0Ka3aTeNs OKa3blBaloT
BJIMAHUC MHOTI'O paBHO3HAYHBIX q)aKTOpOB, CJIOKCHUC HCCKOJIBKUX OAWHAKOBBIX WJIW PAa3JIAYHBIX
TEOPETUYECKUX 3aKOHOB PACIpENeNIEHUs] TaK K€ B UTOre IPUBOIUT K 3aKOHY HOPMAJIBHOTO
pacrpeieneHusl.

MOI[CJIB HOPMAJIBHOI'O pacCpCaACICHUS NPUMCHACTCA JI1 OTMCAHUA:

- paCcCCUBaHUA IMOJHBIX 10 PEMOHTHBIX, MCXKPCMOHTHBIX PCCYPCOB U CPOKOB CJ'Iy}K6BI

MAaIIMH U UX COOPOUYHBIX €IUHHILL;

- paccenBaHUs AAHHBIX O BPEMEHU M CTOMMOCTH BOCCTAHOBJIEHHS pabOTOCIIOCOOHOCTH
MalInH NOCJI€ OTKA30B;

- pacceuBaHMsI pa3MepoB pabOUYMX MOBEPXHOCTEH JeTayiell y3JI0B M arperaToB U MHOTHX
JIpYrux rnokazarenei

OTiMUYUTENBHON  OCOOEHHOCTBIO  HOPMA@JIBHOTO  pAacHpEelesieHUus  SIBISETCS  €ro
CUMMETPUYHOCTh OTHOCUTENIBHO CPEAHETO 3HAUCHUS.
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3akoH pacnpenenenus BeiOyiia 3aHuMaeT oAHO U3 Haubojiee 4acTO MPUMEHSEMBIX B
OLICHKE HAJCKHOCTH TEXHUYECKUX CUCTEM IO PE3ybTaTaM HCIBITAHUN M JKCIUIyaTallUH. JTO
pacnpenenenue BeilOynn paspaboran g ONMCaHUs PAacCEUBaHUS MapaMETPOB YCTAJIOCTHOU
IIPOYHOCTH CTaJIM U MPENEIIOB €€ YIPYTOCTH, a B JAJIbHEHIIEM IPUMEHMI JUIsl PEIIEHUs IPYruX
3aznad. B HacTosiee Bpems 3ak0oH pacnpeneneHus BeilOynna Hamen npuMeHeHue Juist:

- ONMCaHUs XapaKTePUCTUK PACCEUBAHUS HApaOOTOK MEX]ly OTKa3aMH;
- ONMCaHUS PAaCCEUBAHMS PECYpPCOB JETalei, 0TKa3 KOTOPBIX BO3HHMKAET B CIIECIACTBUU

W3HAIIMBaHUS pab04YUX MOBEPXHOCTEH;

- IPU ONHCAHWM HAJCKHOCTU CIOKHBIX TEXHMYECKMX CUCTEM M BO MHOTMX IPYTHUX

CIIydasx

1. 4 Jleknus Ne4-5 (4 yaca).

Tema: «(I)mnqecmle, AHAJOIoBbIC H MATEMATH4Y€E€CKHUE MOAEC/IN 00bEeKTOB H nmpoueccoB»

1.4.1 Bonpocsl JieKIIuM:
1. MeToasl mogo0us B MEXaHUKE

2. 3aKjroueHue

1.4.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. Metoabl mogoousi B MEXaHUKe
Jleusicenue mamemamuuecKkozo MasmHuKa

B kadecTBe mepBOro mpumepa Mbl PacCMOTPUM KIACCHYECKHUM MpUMEpP O JIBUXKEHUU
MaTeMaTUYECKOTO MasTHHUKA.

Maremaruueckuii masTHUK (puc. 1) mpeacrtaBisieT coOOM TSXKEIYI0 MaTepUabHYIO
TOUYKY, TOJBEIICHHYI0O Ha HEBECOMOH M HEpacTsDKUMON HHMTH, KOTOpas 3aKpeIuieHa APYTruM
CBOUM KOHIIOM HenoABUk HO. COBOKYITHOCTh BO3MOKHBIX JBMKEHUN MBI OTPAHUYHUM yCIIOBUEM,
YTO ABM)KCHUSI MaATHUKA MJIOCKHE.

o
!

:“E_-.:n
B
Puc. 1. MaremaTu4yecKkui MasgTHUK.

Benem  ob6o3HaueHuws: | — anuMHA MasATHHKA, @ — Yroll MeEXAy HUTBIO U
BEepTHKaNblo, t — Bpems, m — Macca rpy3a u N — HarTsbkeHue HHUTH. Ecnu mpeneOpeub
CUJIaMH  CONPOTHUBJIEHHUS, TO 3aJadya O JABWKCHUM MAATHUKA IPUBOJIUTCS K PELICHUIO
YpaBHEHUH

d’ .

dtgo=—§sm(o, (1)
2

m(%) =N—-mgcose (2)
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C HAYaJIbHBIM YCIIOBUEM
pu t=0 ¢=@o u e =0,
dt

T. €. 32 HA4YaJbHbII MOMEHT BPEMEHHU MPUHAT TOT MOMEHT, KOT/Ja MasiTHUK OTKJIOHEH Ha
yToJI (09, @ CKOPOCTh paBHA HYIIO.

N3 ypauenuit (1), (2) u HayalnbHOrO YCIOBHUS OYEBUAHO, UYTO B KauecCTBE
OTIPECIIAIONINX TApaMETPOB MOYKHO B3SITh CJIEIYIOIIYIO CUCTEMY:

t, 1, g, m, @o.

YucnoBble 3HaYEHUsI BCEX OCTaJIbHBIX BEJIMYUH OMPENESIOTCS MOJHOCTHIO 3HAUCHUSMU

3TUX mapameTpoB. CrenoBaTeNbHO, MBI MOKEM HANUCATh
=0 (ta Do, 1’ g, m)’ N:mgf(t’ ®o, 1’ g, m) (3)
rae ¢ u f — 6e3pazMepHble BETUUYHUHBI.

Yucnosble 3HaueHUs (GyHKIUNA ¢ U f He MOMKHBI 3aBUCETh OT CHUCTEMBl EIUHUIL
u3Mepenus. Bun stux QyHKIU MoxkHO ompenenuTsh aubo0 pemras ypasHenus (1) u (2), 6o
9KCIIEPUMEHTAIBHBIM CIIOCOOOM.

N3 o6mmx cooOpakeHUi, HM3T0KEHHBIX BBIIIE, BBITEKAECT, YTO IMSITh AapryMEHTOB
byHkuii @ u f MOKHO CBECTH TOJBKO K JBYM apryMeHTaM, KOTOpBIE MPEACTaBISAIOT COOOM
Oe3pa3MepHble KOMOWHAIIMM, COCTAaBJICHHbIE W3 t, |, g m W @), TaKk Kak HMEIOTCS TpHU
HE3aBUCHUMbIE €TUHUIBI U3MEPEHUSI.

N3 BemuumH t, 1, g m U @p MOXHO COCTaBUTH JBE HE3aBUCHUMBbIE Oe3pa3MepHbIC
KOMOMHAINH

gon 1% @)

Bce npyrue 6e3pa3mepHble KOMOMHALIMH, COCTABICHHBIC U3 t, 1, g, m 1 @ WK BooO1IIE U3
TOOBIX BEJUYHH, OMPESIAEMbIX 3THMH IapaMeTpamu, OynyT (QyHKIusMu KoMOuHanuii (4).
CrnenoBarenbHO, MOKHO HAaIMCaTh

© =@l gt % , (5)

g
N =mgf| ¢,,t T (5"

@opmyiisl (5), MOTYyYEHHBIE € IOMOLIBI0 METOJIAa Pa3MEPHOCTH, MTOKA3bIBAIOT, YTO 3aKOH
JBUKEHMSI HE 3aBUCUT OT Macchl Ipy3a, a HaTSKEHHE HUTU IPSIMO IPONOPLUOHAIBHO Macce
rpy3a. OTU BBIBOJABI BBITEKAIOT TAK)K€ HENOCPEACTBEHHO U3 ypaBHeHuil (1) m (2). Bennuuny
fy/g/l MOXKHO paccMaTpuBaTh Kak BpEMS, BBIPAKEHHOE B CIEIUAILHONH CHCTEME €MHUIL
U3MEpEHMs, B KOTOPOW NAJMHA MasTHUKA U YCKOPEHHE CHJIbl TSDKECTH IPUHATHI pPaBHBIMU
eIMHUIIE.

O6o3HaunM yepe3 I’ kakoM-HUOYIb XapaKTEpHBIH INPOMEKYTOK BPEMEHHU, HaIpUMeEp
BpeMsl JBM)KEHUS MasTHMKA MEXAY KPaHUM U BEPTUKAJIbHBIM IOJOKEHUSAMH WIH MEXITY
JIBYMsl OJMHAKOBBIMH (ha3zaMH, T. €. MEepHoJ] KoieOaHHs, ¥ T. A. (CyIIECTBOBaHHE MEPUOIU-
YECKOro JABMJKEHHMs MOXKHO TNPUHATh Kak TUIOTE3y WM Kak pe3yiabTaT, HW3BECTHBIM U3
JIOTIOTHUTENBHBIX 1aHHBIX). IMeeM

/
I'= fl((DO,l,g,m) = \/;fz(qﬁo’l:g’m)-

dbynaknus f; npeacTariseT codoit 6e3pa3MepHyIO BEIMUNHY, a TaK Kak u3 |, g 1 m Henb3s
COCTaBHUTH Oe3pa3MepHyI0 KOMOMHAIINIO, TO OYE€BUIHO, 4TO (yHKIMA f> He 3aBHcHUT OT |, g U m.

CiegoBaTeibHO,
l
I'= ,/gfz (@) (6)
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®opmyrna (6) ycTaHaBIMBACT 3aBUCHMOCTh BpeMeHH [ oT /uimHbl MasTHHUKA. [lomyuuTs
Bun ¢yakuun f(Qp) ¢ TOMOIIBEI0 TEeopwH pasMepHOCTH Henb3sda. Onpenenenue (o)
HE00XO0UMO MPOU3BECTH JIMOO TEOPETUUECKH, Ha OCHOBaHUU ypaBHeHUs (1), mnbo sxcrnepumen-
TaJbHO.
®opmyny (6) MOXKHO MOITYYUTh HEMOCPEACTBEHHO U3 cooTHoweHwui (5'). B camom nene,
JUTs TIeproJia Konebanuii cooTHomeHue (5') gaet
P = @| P, %
Pemras 5T0 ypaBHeHue, moxyduMm Gopmyry (6).
Ecnu I ectb nepuon konebaHusi, To U3 COOOpakeHUN CUMMETPUN OUYEBUTHO, YTO MEPHOJ
I" He 3aBucHT OT 3HaKa @, T. €.
£(0o)= f2(-¢o).
CrnenoBarenbHo, GpyHKIuUs f; sBIsieTcss yeTHOW (yHKIMeEH aprymeHTta ¢o. Ilpeamomnaras,
YTO MPpHU MaJBIX Qo GyHKIHS £r(() perysipHa, MOXKHO HAIMKCATh
£2(Po) = €1 + C200” + C390" +... (7
Jlng maneix KojeOaHUN YIIEHBI CO CTENEHSMH @ M BBIIIE MOKHO OTOPOCUTH, M AJIS
nepuona I MbI momydaem Gpopmyiry

I'=c¢ |—. (8)
g
Pemenne ypaBuenus (1) mokaseiBaer, uto ¢; = 2n. Takum 006pazoM, Mbl BUIUM, UTO IS
MaJIbIX KOJICOaHWI MasTHUKA C MOMOIIBI0 TEOPHH PA3MEPHOCTH MOXHO TOIYYUTH (HOPMYITY
nepuoja KojaebaHus MasTHUKA C TOYHOCTBIO JIO MMOCTOSIHHOTO MHOHUTEJIS.
®opmyinbl (5) u (6) coxpaHSAT CBOIO CHPABEIJIMBOCTh U B TOM Cllydae, €CIM BMECTO
ypaBHeHus (1) Mbl BO3bMEM ypaBHEHUE
d2
=1
rae f(p) ects mobas GyHkmus yriaa ¢. BooOmie cnpasemmuBocth dhopmyn (5) u (6)
BBITCKACT W3 E€JAMHCTBEHHOTO YCIIOBHS, KOTOPOE COCTOMT B TOM, YTO COCTOSHHE JBFIKCHUS
oTpezieNisieTcs mapaMeTpaMu

t, 1, g, m, @o.
st ycTaHOBJIEHUS 3TOM CUCTEMbI MapamMeTpPOB HaM MOCTYKWJIM YpPaBHEHUS JIBHKEHUS,
HO €€ MOXXHO yKa3aTh M He mpuberas K ypaBHEHUsM JBWXKeHUA. B camom nene, nmis
XapaKTepUCTUKH MasTHHKA Hamo yka3aTh | m m. [lanee HeoOXoauMo yKaszaTh g, TaK Kak
CYILIHOCTh SIBJICHHS ONIpenessieTcs cuiiol Tsbkectu. Hakonel, HE0OX0IMMO yKaszaTh (o H f, Tak
KaKk KOHKPETHOE JBW)KEHHUE M COCTOSIHUE JBWIKCHHUS OIPEICTSAIOTCS YIJIOM KpailHero
OTKJIOHEHHS (g U pacCMAaTPUBAEMbIM MOMEHTOM BPEMEHH 1.
Hcmeuenue masrcenoii ncuoxocmu uepes 6000C1U8
PaccmoTpuM 3amauy o CTpyHHOM ABM)KEHHMH TSKEJION JKMJIKOCTH 4epe3 BOAOCIUB (puC.
2), KOTOpBIA TPENCTaBIsICT COOOW BEPTUKAIBHYIO CTEHKY C TpPEYTOJbHBIM OTBEPCTHEM,
PacnoyioKEHHBIM CUMMETPUYHO OTHOCHUTEIBHO BEPTUKANIM, NMPUYEM YTOJ OTBEPCTHS 0 PaBEH
90°. XXuakocTh BBITEKAeT IOJ HAMOpoM h, KOTOPBIM paBeH BBICOTE YPOBHS >KHIKOCTH HaJ
BEPIINHON TPEYTroIbHUKA HA JATICKUX PACCTOSHUIX OT OTBEPCTUS BOJOCIHBA. J{JIsi MPOCTOTHI MBI
MPUMEM, YTO COCYJ, B KOTOPOM HAaXOJUTCS KUJIKOCTh, OYEHb BEJIMK, U MO3TOMY JABUKEHHE
KUJKOCTH MOXKHO CUMTATh yCTaHOBUBIIMMCS. [Ipu cTpyilHOM IBHXKEHUM KHJAKOCTH OCHOBHOE
3HAYEHHWE MMEIOT CBOMCTBA MHEPIMU U BECOMOCTH, KOTOPBIE XapaKTEPU3YIOTCS 3HAYCHUSAMHU
MJIOTHOCTH P U YCKOPEHUS CUIIBI TSXKECTH g.
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Puc. 2. Ileperexkanne TSKeIOM )KUIKOCTH YEPE3 BOJOCIIHB.

VYcraHOBHBILIEECS TEYEHUE JKUIKOCTH 4YE€pe3 pacCMaTpUBAEMbI BOJOCIUB IIOJHOCTBHIO

OIIpEeEIIAETCS CIEAYIOIUMHA TapaMeTpaMHu:
p, & h.

Bec xumaxoctu Q, BBITEKAIOIMN 4Yepe3 OTBEPCTHE BONOCIHMBA B E€IMHHIYY BPEMEHH,

MOXeET OBITh (PYHKITUEH TOIBKO 3THX HapaMeTpOB
Q=1(p, g, h).
C nomouIpo TeOpUH Pa3MEPHOCTH HETPYIHO HAWTH BUJI 3TOH QyHKIMH. B camom xerne,

3
pasmepHocTh Q paBusiercst kre/c. Kombunanms pgh’y/g/h Takke uMeer pasMepHOCTb Krc/c.
[TosTOMY OTHOIIICHHE

0
JREEY:

ABIIsIETCS Oe3pa3MepHON BEIMYMHON. DTO OTHOILICHHE sBIseTCs (QYHKIMEH BEIHYUH p, g,
h, u3 KOTOpBIX HeNb3s 00pa3oBaTh Oe3pa3sMepHON KOMOMHAIMHU, TOATOMY MOXHO HAalKCaTh

0
—5 57 =C
e
NN
0=Cpg"h’, ©)

rae C ecTh aOCONIOTHAs MOCTOSHHAS, KOTOPYIO MPOIIE BCETO ONPEICIUTh U3 OIbITA.
[Tony4yeHHass ¢GopMyina TOJHOCTHIO OMpPEIEISeT 3aBHCUMOCTh KOJHUYECTBA MMPOTEKArOIIEH
KHUJIKOCTH OT Harmopa h u oT MIOTHOCTH p.

COBOKYITHOCTh paccMaTpUBaEMbIX JIBM)KEHUI MOYKHO PacCIIUPHTh, TOIYCKas BOJIOCIUBEI
C pa3IMYHBIMH YIJIaMH o. B 3TOM ciiydae cucTema OmpenelsiouX MapaMeTpoB TOMOTHICTCS
yriom o, u popmyina (9) nmpumer B

3 5
0 =Cla)pe ™, (10)
T. €. K03 urment C Oyaer 3aBUCETD OT yIJia .

Ecnm BomocanB nMeeT npsMOyroiabHYI0 GOpMyY HIMPHHON b, TO cucTeMa OnpeieNsonnx
napaMeTpoB OyaeT

p, g h,b.
Bce Oe3pa3mepHble BEeTMYMHBI omnpenensiorcs napamerpoMm h/b. @opmyna (9) B 3Tom
ClIy4ae 3aMEHUTCS CIIEAYIOLIEH:
h 3/ .5
0-1( 2o, (an

Oynkuuio f(h/b) MOXHO oOmpenenuTh ONBITHBIM ITyTeM, HaONogas TeUCHHE uepes
BOJIOCIIMB pa3IMYHON MUPUHBI b, HO ¢ MOCTOsAHHBIM h. OmnpenenuB TakUM COCOOOM (YHKLHUIO
f(h/b), hbopmyny (11) MOKHO TPUMEHSTH K CIy4asiM MOCTOSTHHOM IIMPUHBI b=const, HO ¢ pa3nIny-
HBIM Harnopom h, T. €. K ciiy4asiM, B KOTOPBIX OIBIT HE MPOU3BOIHIICS.

OTOT TpUMEp TMOKa3bIBaET, YTO COOOpaKEHHs, MOJYYCHHBIE C IIOMOIIBI0 METOAA
pa3sMEpHOCTH, MOTYT HPHUHOCHUTh OOJBIIYI0 MOJNb3y IPH IOCTAHOBKE OIBITOB, MO3BOJISSA
OTPaHUYMBATH UX KOJIMYECTBO M MOIYy4aTh OJarogapst 3ToMy 3KOHOMHUIO HE TOJIBKO B CPEICTBAX,
HO U BO BpeMeHHU. V3MeHeHHe OHUX BEJIMYMH MOXKHO 3aMEHSTh B OIBITaX U3MEHEHUEM JAPYIHX
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BeauunH. Ha ocHoBe OIIBITOB, IMTPOU3BCACHHBIX C BO,HOfI, MOXKHO JaTh UCUCPIIBIBAIOIINE OTBETHI O
SBJICHUH BBITCKaHUA HC(l)TI/I, PTYTU U T. I.

2. 3aki04eHue

Tpu Teopembl 10100MsI COCTABIIAIOT IVIABHYIO OCHOBY TEOPHUH ITOA00MS.

Bot kpaTkoe cofiep:kaHue U3J105)KeHHON TEOpUH MOA00Us:

D)IlonoOuble sBIEHHUS MPOTEKAIOT B TCOMETPUYECKH TMOJOOHBIX CHCTEMax W
OIUCBIBAIOTCS OYKBAIbHO OAMHAKOBBIMU YPABHEHUSIMH CBSI3H.

OTu ypaBHEHUS AOJDKHBI ObITh O€3yCIOBHO MJIM YCIOBHO OJHOPOIHBIMH.

2)VCcnoBHO OAHOPOAHBIMU (PU3MUECKUE YpaBHEHMs AETIAOTCS MPUCOCAMHEHUEM K HHUM
«00yCJIOBIMBAIOLIMX PABEHCTB», KOTOPHIE yCTAHABIMBAIOT PABEHCTBO E€AMHUIIE MHIUKATOPOB
nogo0usl, MOJYYalolUMXCs W3 YpPaBHEHWM, WM, 4TO TO JK€, OJAMHAKOBOCTh Ul MOJOOHBIX
SIBJIGHUN KpUTEpUEM IO00uS.

3)OnHoponHBIE YpaBHEHHS MOTYT OBbITh IpPEACTaBIEHbl KaK (YHKIUU CTEHNEHHBIX
KOMIUIEKCOB (KpUTEPUEB) U CUMILJIEKCOB.

Takue «xpurepuanbHbIe» ypaBHEHUS YUCICHHO OMHAKOBBI IS BCEH TPYIIIbI MOJOOHBIX
SIBJICHUI.

4)ITooOHBI Te sBJIECHUSA, YPAaBHEHHUE CBSA3M KOTOPHIX OYKBEHHO OJMHAKOBBI U YCIIOBHS
OJIHO3HAYHOCTH KOTOPBIX MOJOOHBI, T. €. Y KOTOPHIX OJHOMMEHHBIE MOHOBAJIEHTHI (BEJINYUHBI,
BXOJSIME B YCJIOBUS OJHO3HAYHOCTHM) HAXOMATCS B UUCIEHHO IMOCTOSIHHOM OTHOUICHUH, a
OJIHOMMEHHbIE MOHOBAJICHTHbIE (ONPEAEIAIONNE) KPUTEPUH OJUHAKOBBI.

Teopus mogobus naet, cienoBaTeabHO, OOLIME METOINYECKUE YKa3aHUs, KaK IOCTyNaTh
B KaX/JOM OTAEIbHOM Cily4yae IIpU aHajlu3€ YPaBHEHMM, ONMCHIBAIOLUIMX SBICHHUE, IpU
IIOCTaHOBKE U 00pabOTKe AAHHBIX ONbITA HAJ HUM M IPU PACIIPOCTPAHEHUU PE3YIbTATOB OIBITA
Ha JApyrue sBiaeHus. Ecinm ke naHa HaTypa M UCCIIEOBAaTh €€ XOTIT Ha MOJAEIHU, TO TEopus
noJ00HUs COAEPKUT METOAMUYECKHE YKa3aHUS MO pacueTy U IMOCTPOCHHUI0 MOJEIH, MOJ00HOH
HaType.

OCHOBHBIE METOAMYECKHE yKa3aHHE O MPUMEHEHUH TEOPHH M0J00us K ONBITY, OyAb TO
¢u3nUecKoe IKCIEPUMEHTHPOBAHNE HITH TEXHUYECKOE MOACTHPOBAHNE, COCTOUT B CIEIYIOLIEM.

Ilpu uccnenoBaHuM sBIEHHUS HAAO YCTAHOBUTH JJISI HErO ypaBHEHMs CBS3H, AAIOLIHUE
B3aUMHYIO CBS3b (DU3MYECKUX BEJIINYMH, YIACTBYIOIIUX B SBJICHUU.

OTH ypaBHEHMsI JOJKHBI ObITh ()OPMYIMPOBAHBI AJIS TOTO YACTHOIO Ciydas, KOTOPBIH
sBIIAEeTCS O0BEKTOM HccienoBaHus. [IpucoequHeHre K HUM YCIOBUH OJHO3HAYHOCTH JENAET
UCCIIEIOBaHHE OTIPEIENIEHHBIM U 1103BOJIIE€T IPUMEHUTH TEOPHUIO OAO0MSL.

[loaTomy BO Becex ciydasiXx, KOrja ypaBHEHHUS CBSI3U MOTYT OBITh HaiIE€HbI, METOJ
aHalM3y ypaBHCHWH €CTh €AMHCTBEHHO MNpPaBWIBHBIA MyThb NMPUMEHEHHUs TEOpHH MOJ00Us U
TOJIBKO TOIZa, KOIZIa YCTAaHOBUTh MaTEMAaTHUYECKYIO0 3aBHUCHUMOCTb MEXKIY BEJIWYMHAMM,
XapakTepU3yIOIUMHU SBJICHHE, HE YyIaeTcs, HaUIeKHUT OOpaTUTbCAd K METOAY aHalu3a
pa3MepHOCTH. DTOT IyTh MEHEE HA/EKEH U IOITOMY PE3YJIbTaT €ro He0OX0IMMO IPOBEPSTH HA
onsite. IM He cnenyer nmpeHeOperaTh, Tak Kak BO MHOTHX CIydasX aHajU3 Pa3MEPHOCTH JaeT
pu 00pabOTKE ONBITOB LIEHHBIE BHIBOABI.

B Hacrosiiee Bpems Teopust NoA00Us UMEET CIIEAYIOIINE HalpaBIeHuUs.

[lepBpIM 1O BpEMEHM HaNpaBICHUEM SBISETCS MPWIOKEHHE TEOPUM NOoH00usd K
U3Yy4EHHIO pa3HOOOpa3HBIX TEXHUYECKUX COOPYXKEHUH U MOJETIEH.

MopnenupoBanue CTajJo MOUIHBIM  CPEICTBOM s OOHapyXEHHs  Pa3IUYHBIX
HEI0CTaTKOB, MMEIOLIUXCS B CIEAYIOUIMX TEXHUYECKUX YCTPOMCTBAX, U JUI U3bICKAaHUS MyTeHl K
UX YCTPaHEHHUIO.

Jlanee MoJenupoBaHHE YK€ CTajl0 IIUPOKO MPUMEHAThCS [UIs HPOBEPKH BHOBb
KOHCTPYHPYEMBIX OOBEKTOB, TaK 4YTO 1O MX BBIIIOJHEHHUS, B HPOLECCE IPOEKTUPOBAHMUS,
MOJICIUPOBaHKE TO3BOJISIET COBEPIIEHCTBOBATH HOBBIE, €Ill€ HE ONPOOOBaHHBIC HAa IPAKTUKE
KOHCTPYKIUH.
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Teopus momobus Hamula TakXke MPUMEHEHHE IpHU 0000LeHHH pabouMx IMOoKa3aTenei
LEJIBIX TPYNI OJHOTHUIIHBIX MAallMH U YCTPOWCTB, TaK YTO HAa OCHOBAHHUU OOpPaOOTKH JTaHHBIX
MHOT'OUYNCJIEHHBIX MCIBITAHUM OKAa3bIBA€TCS BO3MOXKHBIM CO3/JaBaThb HOBBIE, OCHOBaHHBIE Ha
KPUTEPHSIX 110100us, CIOCOOB! pacueTa pa3iInYHbIX TEXHUYECKHX O0OBEKTOB, KOTOPBIE MPUBOIST
K YCTaHOBJIEHHMIO PAalliOHAJIBHBIX, CB3AHHBIX C 3KOHOMHUEN 3HEPTUU PEKUMOB.

Teopus momobus crasa HayyHOH OCHOBOW OOOOLICHMS NAaHHBIX (PU3UKO-TEXHUYECKUX
UCIIBITaHUH, CBOErO poja TEOPUEH SKCIEPUMEHTA, YKa3bIBAIOLIEH BO BCEX TEX CIIydasX, KOrnaa
pemenue nuddepeHInaNbHbIX ypaBHEHUH (PU3MKN HATAJIKUBAeTCA Ha TPYAHOCTH, NMyTh K TaKOH
IIOCTAaHOBKE OIBITOB, YTO HX pE3yJbTaThl MOTYT OBITh pPacHpOCTPAHEHbl Ha BCIO 00JIacTh
U3Yy4aeMBbIX SIBJICHUM.

B nocnennee BpeMst Teopust MoAo0Ms HE TOJIBKO HCIIOJIB3YET ypaBHEHUS (U3MKHU IS
0000111eHUs ONBITHBIX JaHHBIX, HO M , 0OpaTHO, MpHU BbIBOJE AU(p(epeHINaNbHBIX YpaBHEHUN
OHa JaeT yKa3aHUs, C OJHOW CTOPOHBI, O BBEJCHUM B YypPaBHEHUS KPUTEPUEB MOAOOUS U
0e3pa3MepHbIX NMEPEMEHHBIX U, C JIPYroil CTOpOHBI, 00 MCHOJIb30BAHUU O0OOIIEHUST METOAAMHU
TEOpUHU NMOAO0OUS ONBITHBIX JAHHBIX, SBJSIOLIMXCS UCXOAHBIMH JUIsl COCTABIICHUS ypaBHEHUIl. B
KayecTBE IpuUMepa STOr0 HOBOIO HANpaBlIEHUS TEOPUU TMOAO0OUS MOXKHO IPUBECTH
YCTaHOBJIEHUM MJs1 TypOYJIEHTHOIO IOTOKAa aBTOMOJEIBHOCTU OTAEIBHO [UIsl HOTPAHUYHOTO
CJIOSl M OTZENBHO AJIS TYpOYJIEHTHOTO sJIpa, YTO MO3BOJISIET NOJYYUTh O0jiee MPOCTYI0 U TOYHYIO
(dopMyily THApaBIMUECKOrO CONpOTUBIeHUS TpyO. Takum oOpas3oM, Teopus noao0us Ha HAIIMX
IJ1a3aX CTAaHOBUTCSI HEOTHEMIIEMON YaCThIO TEOPETHUECKON (PU3HKH.

1. 5 Jleknus Ne6 (2 gaca).

Tema: «MaremaTu4ecKkue MOAeJN HAIEKHOCTH CUCTEM 00CTYKMBAHUS CEJIbCKOI0
X0351iicTBa)»

1.5.1 Bonpochl JieKnum:

1. IToHsATHE HAZEKHOCTH CUCTEM OOCITY)KMBAaHUS B CEJILCKOM X03HCTBE

2. Ilytu nomny4eHus JaHHBIX: BCEOOIIMI KOHTPOJIb, BHIOOPOYHOE UCCIIEJOBaHUE,
IUTAHUPOBAHUM SKCIIEPUMEHTA

3. DKcnepTHBIE OLIEHKHU

1.5.2 KpaTtkoe coaep:xkaHue BOINPOCOB:

1. I[ToHsAATHE HAIEXKHOCTH CUCTEM O0CJYKMBAHUS B CEJILCKOM X0351liCTBE
Teopus HaIE)KHOCTH - HayKa, U3y4aroIas:
- 3aKOHOMEPHOCTH BO3HUKHOBEHHS OTKA30B CHCTEM;
- HOpPMUPOBAHHBIE KPUTEPUH U KOJMYECTBEHHBIE XapaKTEPUCTUKU HAJAC)KHOCTH;
- METO/IbI aHAJIU3a CJIIOKHBIX CUCTEM 10 KPUTEPHUSIM HAJC)KHOCTH,
- METOJIBI OBBIIIEHUS HAJIEKHOCTH;
- METOJBI MCITBITAHUH HA HAIEKHOCTD;
- METO/IbI 3KCIUTyaTallui CUCTEM C YYETOM HaJIeKHOCTH (00OCHOBaHHUE MEPUOTUIHOCTH
TEXHUYECKOTO 0OCITYy)KMBAHUS CHUCTEM, HOPM 3allaCHBIX YacCTEeH, METOIOB OTHICKAHUS
HEHUCIPaBHOCTEN);
- METOJIbI cOOpa M aHaIM3a CTATUCTHYECKUX JIAaHHBIX 00 OTKa3axX CHUCTEM.
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CrnyualiHplii XapakTep BPEMEHU BO3HUKHOBEHHUS OTKAa30B, CIOKHOCTh OOBEKTOB MO3BOJISIET
3aKIIIOYMTh, YTO MAaTEMaTHYECKUM allapaToM TEOPUU HAJEKHOCTH MOXKET OBITh TEOopHs
BEPOSATHOCTEH W MaTeMaThdecKkash CTaTUCTUKA, a Tak)Ke TEOPHsl MacCOBOTO OOCTYKUBaHUS
(Teopus rpadoB u nenu MapkoBa).

N3-32 HEBO3ZMOKHOCTH TOYHOTO TPEJCKA3aHUs 0TKa3a KakK CIYYaiiHOTO COOBITHS MO BPEMEHH U
MECTy BO3HHUKHOBEHUS CIIEAYET, YTO MOJHOCTHIO MPEIyNPEIUTh OTKa3bl HEBO3MOXKHO. OIHAKO
MOTYT OBITh IPUHSATHI MEPHI 111 YMEHBIIICHUS X YaCTOTHI.

Teopust BEpOATHOCTEN U3yUaET:

a) cIly4aitHbIe COOBITHS;

0) ciydaiiHble BEJIMUUHBI;

B) CITy4aliHbIE TIPOIECCHI (CIydaiHble () YHKITHH).

Ecnmu mpm MaccoBBIX COOBITHSX, HAlpUMeEp, TPU MACCOBBIX HCIBITAHHUSIX, O005S3aTEIHHO
IMPOUCXOIUT HEKOTOpPOe COOBITHE, TO TaKoe COOBITHE Ha3bIBaeTCs IOCTOBepHbIM. Ecnu ke
HEKOTOPOE COOBITHE 3aBEAOMO HE MOXKET IPOM30HTH, TO €ro HAa3bIBAIOT HEBO3MOXHBIM.
CoObITusI, KOTOpBIE MPH Ka)XJOM OTIEIbHOM SIBIICHUHU (ciyyae, HCIBITAHUU) TMpEeAcKazaThb
HEBO3MOXKHO, Ha3bIBAIOT CITYYAHBIMHU.

CnyyaiiHO BeMMYMHOM Ha3bIBAeTCsl IEpeMeHHas BEIWYMHA, KOTOpas B pe3ysbTare
UCTIIBITAHUHN WU MPU KAKUXTO SIBICHUSIX MOXET MPHHUMATH TO VI MHOE 3HAYCHHE (HAIpUMED,
OTKJIOHEHHE pa3Mepa W HU3JelHs OT HOMHHAJIBHOTO 3HA4YeHMs, BpeMs O0e30TKa3HOH padoThI
W3ACIHUHN U TIp. ).

CnyyailHpIM mpollecCOM WM clydyailHOM (yHKIMEH Ha3bIBaeTCsi COBOKYIMHOCTH
CIIyYailHBIX BEIMYMH, OTBEYAIOIIUX PA3UYHBIM 3HAYCHHUSM HEKOTOPOr0 HECITYJaiHOTO
napaMerpa: M3MEHEHHe IuaMeTpa IO AJUHE BajluKa, BHYTPEHHHE UIYMbI, (DIIOKTyallud B
AIIEKTPUIECKUX EMAX U T.JI.

3aKOHOM pacrpeieNieHus CIIy4aifHON BEeJIMYMHBI Ha3bIBAIOT COOTHOLICHHE, TO3BOJISIONIEEe
OTIPEACIIUThL BEPOSITHOCTh HAXOXKJCHHUS CIy4ailHOW BENWYHMHBI B JIOOOM HHTEpBaJe ee
BO3MOXXHBIX 3Hau€HUH. AHAJUTHUYECKHM BBIPOKECHHEM 3aKOHAa pacHpeleseHus ClaydaiHon
BEIMYMHBI HapaOOTKM 10 OTKa3zaf? sBisercs (QyHKuums pacrnpexneneHus F, paBHas
BEpOATHOCTH () TOTO, YTO ClIydaiiHas BEJTMYMHA f IPUMET J1I000e 3HAaUeHHEe, MEHbIlee 3aJaHHOU
HapaboTtkuT

F)=Q(t<T)

CrnenoBaTenbHO, BEPOATHOCTh OTKa3a 3a BpeMs £ uuciaeHHO paBHa QyHkiuu F(t) pacupeneneHus
BpEMEHH HapaOOTKH CHCTEMBI Ha OTKa3. DTOT BaKHEUIIUI BBIBOJ MO3BOJISIET HEMIOCPEICTBEHHO
UCIIOJIb30BaTh 00IME 3aKOHOMEPHOCTU U CBOWCTBA (DYHKIIMM PACIpEeAEICHUS sl ONpeaeIeHus
nokasareneil HaleKHOCTH, T.e. QYHKUHUS pacHpeleeHus CIydaliHON BETUYMHBI SBISETCS ee
HCYEPIIBIBAIOIIECH BEPOATHOCTHON XapaKTEPUCTUKOM.
Mertoasbl pacyera HAIEKHOCTH TEXHUYECKHX CHCTEM
Kaaccndukanns MeTon0B pacueToB HA/IEKHOCTH
['1aBHBIM Ha3HAYEHHEM PACUETOB HAJAEKHOCTHU CIEAYET CUUTATh
- CPaBHUTEJIbHBINA aHATU3 PA3TUYHBIX KOHCTPYKTUBHBIX (CXEMHBIX) BAPUAHTOB U3JIETUS
Ha CTaJUU €ro MPOEKTUPOBAHUS AJi1 000CHOBAHHOTO BHIOOpA KOMILIEKTYIOLIUX
AJIEMEHTOB, 00ILEH CTPYKTYPHOU CXEMBI, CIIOCOO0B PE3EpPBUPOBAHMSI, METOI0B KOHTPOJIS
U 00CITy)KMBaHHUS;
- OPMEHTHPOBOYHAsI, IPOTHO3UPYEMasi OLIEHKA HAJE)KHOCTH U3/1€TIUs Ha dTare
YTBEPXKACHUS TEXHUYECKOT0 IpOeKTa AJisi 000CHOBAaHHUS BBIBOJIA O TOM, YTO
IPOEKTUPYEMOE U3/EINE MOXKET ObITh U3TOTOBJIEHO YIOBJIETBOPSIOLUIUM TPEOOBAHUAM
110 HA/IE)KHOCTH;
- OPMEHTHPOBOYHAs, IPOTHO3UPYEMasi OLIEHKA HAJEKHOCTH CI0KHOTO M3/EIHUs Ha dTane
0TpabOTKH OMBITHOTO 00pasia s 000CHOBaHMSI pacmpeiesieHus TpeOoBaHMil K
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HaJaCKHOCTHU qacTel HU3OCIUA U O6OCHOBaHHOFO, XOTA U OPpUCHTUPOBOYHOTIO,
OIIPCACIICHUS COCTAaBa U KOJIMUCCTBA 3aIIaCHBIX qacTten u CPOKOB O6CJ'Iy}KI/IBaHI/I$I.

[IpuMeHUTENTFHO K CTaaAHMsIM J>KH3HCHHOTO IIMKIA CHCTEM pa3INYaloT pacuemsvl Ha
cmaouu npoexkmuposanus (IPOTHO3UPYIONINE pacyeThl) M HA CTAJAWM OKCIUTyaTallud |
UCTIBITAaHUH (TJIaBHBIM 00pa30oM - KOHCTaTHpYIOmue pacueThl). K mepBoil OTHOCATCS pacyeTsl,
OCHOBAaHHBIC HA aHAIM3€ CTPYKTYpPhl CHUCTEMBI M 3aJaHHBIX YCJIOBHUH paboThl. X mpuHSATO
Ha3bIBaTh PACUYCTHOAHAIMTHYCCKUMHU WM pacueTaMH HaJIeKHOCTH. Ko BTOpoH - pacuersi,
CBsI3aHHBIE ¢ 00pa0OTKOM Pe3yabTAaTOB AKCIEPUMEHTA WU dKcIuryatanuu. OHU Ha3BIBAIOTCS -
PacYETHOIKCIIEPUMEHTATBHBIMU HJIM  0OpAa0OTKOW OMBITHBIX, CTATHCTHYECKUX MaHHBIX. [lo
MPUHIMITAATHFHBIM OCHOBAM PACUETHI JENATCS Ha DJIEMEHTHBIC (CHCTEMHBIC) M ()YHKIIMOHATHHBIC
(4acTHBIM CiTydaeM KOTOPBIX SIBIISFOTCS pacueThl MapaMeTPUUIECKUE).

Ilo xapakmepy yuumolgaemvlx 0mKa3o6 pa3INdarOT pacueThl ¢ y4€TOM OJIHOTO BHJIA
OTKa30B (BHE3AIHBIX, MOJHBIX) U C YUETOM XapaKTEPUCTHUK OTKa30B (BHE3aIHBIC, TOCTETICHHBIC,
MOJTHBIC, YaCTUYHBIC, THIIA 3aMBbIKAHKUE, OOPBIB, COOU U T.1.).

Ilo 6udy cucmem - pacdeTbl POCTHIX CHUCTEM M CIIOKHBIX CHUCTEM. PacdeThl mpOCTHIX
CHCTEM B CBOIO OYEpE/Ib JCIISITCS Ha pacueThl PE3ePBUPOBAHHBIX U HE PE3EPBUPOBAHHBIX CUCTEM,
cucteM 0€3 BOCCTAHOBJICHHSI U C BOCCTAHOBJICHHEM. PacyeThl CIOKHBIX CHUCTEM JENATCS Ha
pacdeTsl HaJEKHOCTU KOHTYPOB YIIPaBJIEHUS U PACUEThl COCTOSIHUM CHCTEM.

Hx pasButHe wuaer mo MyTH pa3pabOTKH BCe HOBBIX Mojeieil pacuera. PeanmbHbie
CHUCTEMBI COOTBETCTBYIOT MOJICIIH pacyeTa ¢ HEKOTOPBIM KO3 MHIIMEHTOM IOI00HS.

W3 mpuBeneHHBIX B KJIACCH(PUKAIMK PACYCTOB HAIEKHOCTH HamOoJiee MPOCTHIMU M
OCBOCHHBIMH SIBJISTFOTCS 3JIEMEHTHBIM, CHUCTEMHBIA pacdeT C y4eTOM OJHOTI0 BHJa OTKA30B
(BHe3amHOTO, TOJHOTO). K Hambomnee TpymoeMKUM OTHOCATCS (YHKIIMOHAIBHBIH pacuer ¢
Y4E€TOM XapakTepa OTKa30B (0COOEHHO cOOEB), a TakKe pacyeT HAaJECKHOCTU CJIOXKHBIX H
OOJIBIITUX CHCTEM YITPaBJICHUS.

2. IlyTu mojty4yeHusi JAHHBIX: BCEOOIHI KOHTPOJIb, BLIOOPOYHOE HCCIIe0BAHME,
IUIAHNPOBAHUH JKCIIEPUMEHTA

Bei0opouHoe uccnenoBaHue npeacTaBiseT co0oi crnocod cucteMarnyeckoro coopa
JaHHBIX O TIOBEJIEHUU M YCTAaHOBKAaX JIIOAEH IMOCPEICTBOM ONpoca ClelnaIbHO 0100paHHON
IpYyMIIBI PECTIOHIEHTOB, JAlOUIMX HH(popMaluio o cede U cBoeM MHEeHUU. CBOe Ha3BaHUE OHO
HOJIy4nsI0 OJ1arojaps UCIOJIb30BAHUIO CIIEHUATbHON IPOLEAYPHI 0TOOpa U3 OTPOMHOM
COBOKYIHOCTHU €IMHUI] UCCIIE0BaHUS (T€HEPabHOW COBOKYITHOCTH) HEOOIBILION YacTH
(BBIOOPOUYHOM COBOKYITHOCTH ), KOTOpasi OUE€Hb TOYHO OTPAKaeT OCHOBHBIE NTapaMeTPhI LIEJIOTO.
[Iponeypa mocTpoeHus BHIOOPKH OCHOBaHA HAa METO/IaX MAaTEMaTHYECKOM CTaTUCTUKHU U
OasupyeTcs Ha NPUHIMIAX TEOPUHU BEPOSTHOCTU. BriOopouHOE HccaenoBanue bosee
SKOHOMHYHO U HE MEHEE Ha/IekKHO, YeM CIUIOIIHOE, XOTs TpeOyeT Oosiee U30LIPEHHON METOANKH
U TEXHUKU. B KaTteropuio crenuaamucToB 1o BEIOOPOUHBIM HCCIEN0BaHUAM (Survey
Research) BkitouaroT nccienoBaTeneil B MapKeTUHIOBO - HCCIEI0BATENbCKUX pUpMaXx,
OpraHM3aIMIX, U3y4aloluX 00IEeCTBEHHOE MHEHUE, TOCYAapCTBEHHBIX OpraHax, OusHece,
TEJIEBUACHNUU, HEKOMMEPUYECKUX UHCTUTYTAX, a TAKKE B pUpMax, 3aHUMAIOLIUXCS OIPOCHOM
CTaTUCTUKOH (survey statistics), MOTUTHYECKUMU, IKOHOMUYECKUMHU, COITUATBHO-
IICUXOJIOTHYECKUMH U PHIHOYHBIMH UCCIIEAOBAHHUSIMH.

Bonpocel, Ha KOTOpBIE OTBEYAIOT CJIy4aiiHO MOIABLINE B BBIOOPOUHYIO COBOKYITHOCTh
PECIIOH/IEHTBI, MOTYT OBITh KaK MCbMEHHBIMH, TaK U YCTHBIMH. B niepBoM citydae BEIOOpOUHOE
MCCJIEJOBAaHHME HA3bIBAETCSl aHKETUPOBAHUEM, BO BTOPOM -- HHTEpBbIoMpoBaHueM. [lomumo
TPaJUIIMOHHOTO AaHKETUPOBAHUS U TPAAULIMOHHOTO HHTEPBBIO (HA COBPEMEHHBIM MaHep OHO
HazbiBaeTcs face-to-face MHTEpBBIO, WIIM JTMUHOE HHTEPBBIO) CETO/IHS UCIIOJIbB3YIOTCS HOBBIE
METOAMKH, B YaCTHOCTH HHTEPHET-0Npoc (OH-JaiH-01poc), Tele()OHHOE HHTEPBBIO U T.].
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TpaguioHHOE aHKETUPOBaHUE 3a pyOEKOM UMEHYETCsl TUCbMEHHBIM onpocoM (Written
Survey). BelaensioT mo4ToBslii OIpoc, rpyninoBoe aHKETUPOBAHUE, NHANBUYaIbHOE
AHKETUPOBAHHUE.

ITpuMeHeHHe BEIOOPOYHOTIO METO/1a, B3aMEH CIUIOIIHOTO, UCTIOIb3yEeMOT0
roCy/1apCTBEHHON CTaTUCTHUKH, JAET BO3MOXHOCTb ITy0Xe OpraHn30BaTh HAOJI01eHuS,
obecreunBaeT ObICTPOTY €ro NPOBEIEHHs, IPUBOAUT K SKOHOMUHU CPEACTB U TpyJa Ha
noJrydeHue u 00paboTKy HHPOpPMAITUH.

Bb100pouHBIil METO/ UCCIIEIOBAHMSI - 3TO HauboJIee COBEPIICHHAs C HAYYHOW TOUKHU
3peHusl Pa3HOBUIHOCTH HE CIUIOIIHOIO CTATUCTUYECKOTO UCCIIEI0BAaHUS HA OCHOBE
CTaTUCTHUYECKONW MHAYKIUH, IPU KOTOPOM XapaKTEPUCTUKU BCEH CTATUCTHYECKON
(renepanbHO) COBOKYNMHOCTHIO (N) MOJTy4aroTCsl B pe3ysibTaTe U3y4eHHs] HEKOTOPOH €€ YacTu
(n), oTOOpaHHOM ¢ COOJIIOICHUEM OTIPECIICHHBIX MPaBIII (Ha OCHOBE CIYYaifHOTO 0TOOpa) 1
IIO3TOMY SIBIISIIOILEHCS PENPE3CHTATUBHOM, T.€. PENPE3CHTaTUBHON U JOCTOBEPHOM.

Camblii BaXHBIH IPHU3HAK BEIOOPOYHOTIO UCCIIEIOBAHMS - CITy4aiiHbIi xapakTep BEIOOPKH,
a rjaaBHasi €ro 0COOEHHOCTD 3aKJII0YAETCs B TOM, YTO IIPU 0TOOpE €AMHUIL COBOKYITHOCTH IS
o0ciieioBaHus 0OecreunBaeTcsl paBHasi BO3MOKHOCTh B OTOOPaHHYIO 4acTh JIFOOOH U3 eMHMUII.

[Tpu nocTpoeHNH COLMOIOTNYECKON BEIOOPKHU UCIOIb3YETCS MHOXKECTBO CIEIIMATIbHBIX
TEPMUHOB, B TOM UHUCJIE /IBa B)KHEHIIIUX -- TeHepaJIbHas U BEIOOPOUYHAsi COBOKYITHOCTH.

I'enepasibHasg coBOKYNHOCTH (N) - COBOKYITHOCTb €IMHUL], U3 KOTOPOM IPOU3BOAUTCS
0TOOP HEKOTOPOH MX YacTH Il CTATUCTUYECKOTO HCCIIEeI0BAHHUS.

Bri6opounasi COBOKYIHOCTH (n) - COBOKYITHOCTh €IMHHMII, KOTOpasi 0TOOpaHa u3
reHepabHON COBOKYITHOCTHU U MO/ABEPTHYTa HAOIIOIEHHIO (PETUCTPALlUK HHTEPECYIOIUX HAC
IPU3HAKOB).

I'enepanbHas COBOKYIHOCTH (a CIe10M 3a Hell U BBIOOPOYHAs COBOKYITHOCTbD) MOXKET
OBITH KOJIMYECTBEHHON WJIM KaUE€CTBEHHOMW, YTO 3aBUCUT OT TOTO, SIBJISIOTCS JIU IPU3HAKU
CBOWCTBA €MHMI HAOIIOACHUS KOJMYECTBEHHBIM (BO3PACT) WIIM Ka4€CTBEHHBIM (110J1). DTO
pa3ianyne IpeanosaraeT, 4To CTaTUCTUYECKOE ONUCAaHNE COBOKYITHOCTU IIPUHUMAET JIM00
dbopmy cpenHuX apudmMeTnueckux, 1100 Gopmy yaenpHoro Beca (1osm). CoBepIieHHO
€CTECTBEHHO, UTO MEXAY ATUMHM I10Ka3aTeIsIMU (CPEAHUMHU WM JOJISIMU) T€HEPATIbHOU U
BbIOOPOYHOI COBOKYITHOCTSIMU UMEETCSI KaKOe-TO pa3inyuue, HHaue TOBOps, CYLIECTBYET
omunoOKa B ONpeAeeHNH MoKa3aTenel (CpeAHUX WK A0J€i) BHIOOPOYHON COBOKYITHOCTH
UMEHHO M0TOMY, YTO MOCIIEIHsS ABISETCS YaCThIO FT€HEPaIbHOW COBOKYITHOCTH.

OmuOKM penpe3eHTaTUBHOCTH MIPEACTABISAIOT COOON PacX0XKIEHUE MEKIY
HIOKa3aTeIsIMU BEIOOPOUHON U IreHepalIbHOM COBOKYITHOCTH, MOAYUHSIOTCS ONPEAEICHHBIM
CTaTUCTUYECKUM 3aKOHOMEPHOCTSIM, YTO U MO3BOJISET PACCUUTHIBATH 00BEM BBIOOPOUHOM
COBOKYNMHOCTH. OHM MOTYT OBITh CUCTEMaTHUECKUMHU U CilydaiiHbIMU. Eclii niepBble BO3HUKAIOT
B CBSI3M C OCOOCHHOCTSIMU IIPUHATOM cUCTEMBI 0TOOpa U 00pabOTKU JaHHBIX HAOJIIOIEHUI WK B
CBSI3U C HapyIIEHUEM YCTaHOBIIEHHBIX ITPABUJI 0TOOPA, TO BTOPHIE - CIEACTBUE HEJOCTATOUHO
pPaBHOMEPHOTO MPEACTABIEHNUS B BEIOOPKE OTAEIbHBIX BUAOB €AMHUI F€HEPATbHON
COBOKYTTHOCTH.

I'maBHOM npoOIEeMOii BEHIOOPOYHOTO METO/A SIBIISIETCS TO, HACKOJIBKO YBEPEHHO MOKHO
10 CBOMCTBAM OTOOpPaHHBIX OOBEKTOB CIEIUTh O JEHCTBUTENIBHBIX CBOMCTBAX IeHEPAIbHOM
COBOKYIHOCTHU. ITo 3TOMY BCSIKOE CyX/A€HUE, CAETaHHOE HA OCHOBE BBIOOPKH, HEU30E)KHO UMEET
BEPOSTHOCTHBIH XapakTep, U 3a/laua CBOJUTCSA K TOMY, YTOObI CTEIIEHb BEPOSTHOCTH
IIPABWJIBHOCTH CYKJEHUS (TOYHOCTh CTATUCTUYECKUX OLIEHOK) Obliia, BOZMOXKHO, OOJIbILIEH.

IlnanupoBanue 3xkcnepuMeHnTa (experimental design techniques) — KOMIUIEKC METOI0B
MaTeMaTUYECKON CTAaTUCTHKH, HANpPABJIEHHBIX Ha IIOCTAaHOBKY OIBITOB U IPOBEIEHUE
palMOHAIBHBIX U3MEPEHUH, TOABEP)KEHHBIX CIy4aiHbIM OLIMOKAM.

OOmass cxema NMPOBENEHUS SKCIEPUMEHTA BBIMIAIUT cleAyomuM oOpa3zom. Co ciaydailHIMU
OLIMOKaMU U3MEPSETCs] HEKOTOPBIE BBIXOAHbIE IEPEMEHHBIC U3y4aeMOM CUCTEMBI, 3aBUCAIIINE OT
HEU3BECTHBIX 3HAUYEHUI MapaMeTPOB U M3BECTHBIX 3HAUEHUI NEPEMEHHBIX-(AKTOPOB, a TAKKE
U3 BO3MOXKHBIX B3auMozencTBuil. OCHOBHAs LieNb IUNIAHUPOBAHUS 3KCIIEPUMEHTA — JOCTHIKEHHE
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MaKCUMaJIbHOM TOYHOCTH MU3MEPEHUN MPU MUHUMAIBLHOM KOJIMYECTBE MPOU3BEIACHHBIX OMBITOB
Y COXpPaHEHUH CTATUCTUYECKON TOCTOBEPHOCTH PE3YJIHTATOB.

OcHOBHBIE 3Tarbl JIAHUPOBAHUS IKCIIEPUMEHTA:

YcraHoBieHUE 1€MW ASKCIEPUMEHTa — TOCTaHOBKA ILeJied M 3aJad MpOBEACHUSA
AKCIIEPUMEHTA;

YTouHeHHE yCIOBUI MPOBEACHUS IKCIIEPUMEHTA — BBIOOp 000pYyI0BaHMs, CPOKOB padoT,
croco0a MpoBeIeHUs HIKCIIEPUMEHTA U T.I1.;

Bp1Oop BXOJHBIX ¥ BBIXOJHBIX TApPaMETPOB — BBHIOOP 3aBUCUMON H3MepseMOi
NEePEMEHHOM, ONpeeNIeHNE CyUYaiHbIX U I€TEPMUHUPOBAHHBIX HE3aBUCHUMBIX MIEPEMEHHBIX;

YcraHoBIEeHHE HEOOXOIUMOI TOYHOCTH PE3YIHTATOB U3MEPEHHUI — BBIOOP KOMITPOMHECCA
MEXAYy MUHHUMAJIbHBIM YUCJIOM HCTIBITAHUNA U CTATUCTUUYECKON JOCTOBEPHOCTHIO MOIY4aeMBbIX
pe3yJIbTaTOB;

CocrapnieHue MmiaHa U IpOBEICHUE YKCIIEPUMEHTA — KOJUYECTBO U MOPSIIOK UCIIBITAHUM,
3aJlaHle COBOKYITHOCTH 3HAYEHUN 3aJ]aBaeMbIX IePEMEHHBIX-(PaKTOPOB U UX B3aUMOJICHCTBUIA B
AKCIIEPUMEHTE;

Craructudeckass 00pabOTKa pe3ylnbTaTOB OJKCIIEPUMEHTA — IPUMEHEHHE METOJ/IOB
MaTEMaTUYeCKOW CTAaTHUCTUKU [UIsi OOpabOTKM pE3yNbTaToB, MOCTPOCHUE MaTEeMaTUYeCKOU
MOJIETU PKCIIEPUMEHTA;

®opMynHpOBaHKE BHIBOJIOB.

[InanupoBaHue SKCIEPUMEHTa MIMPOKO HMCIOJIB3YIOT B MPOMBIIUICHHON cTaTucTHKE. B
YCIOBHUAX IPOMBILIICHHOTO 3KCIIEPUMEHTA €r0 OCHOBHAs ILENb 3aKJIIOYAETCA B OINPEICICHUU
MaKCUMaJIbHOTO  KOJWYeCcTBa HWHQPOPMAIMKM O BIUSHUM  U3y4aeMbIX  (DAKTOpOB  Ha
MPOU3BOJICTBEHHBIN MPOIECC C MOMOIIBI0O HAUMEHBIIETO YUCIA JOPOTOCTOSIINX HAOIIOACHUM.
Mertoapl aHanmM3a  JTaHHBIX MPOMBIIIJICHHBIX SKCIIEPUMEHTOB OINHUPAIOTCA Ha TEOPHUIO
BEPOATHOCTEM W  METOJAbl MAaTEMaTUYECKOW CTaTUCTUKU: KOPPEJALUOHHBIA  aHAJU3,
pETPECCUOHHBIN aHAIN3, TUCTIEPCUOHHBIN aHATHU3.

3 DKkcnepTHbIE OUEHKHU

JkcnepTHas oneHka (methods for expert evaluation) — 3To MeTo/ moKcKa U pe3yybTaT
IPUMEHEHHS METOJa, IOJyYEHHBI Ha OCHOBAaHMM HCIOJb30BAaHUS IEPCOHAIBHOIO MHEHUS
JKCIIEpTa WU KOJUIEKTUBHOTO MHEHUS IPYIIIBI 3KCIIEPTOB.

JKCNepT — KOMIIETEHTHOE Il BEIPAaOOTKHU OLIEHKH JIUIO, UMEIOIIee CIIeLUaIbHbIA ONbIT
B KOHKPETHOW 00JIaCTH M Yy4acTBYIOIEE B HCCJIEIOBAaHUU B KAaueCTBE MCTOYHHMKA IOJIyYEHUs
uHpopmanuu. O4eBUIHO, B KaUeCTBE 3KCIIEPTOB HEOOXOIUMO HCIIOJIB30BaTh TEX JIOJEH, 4bU
CYXKIEHHs NOMOI'YT MNpHHATHIO afekBaTHOro peuieHus. Ilpu moxbOope skcmepToB ciieqyer
YUUTBIBaTh OINACHOCTb JIMYHOM 3aMHTEPECOBAHHOCTU B TOM MJM HWHOM pEIIEHUH, KOTOPBIN
MOJKET CTaTh CYILIECTBEHHBIM MPENSATCTBUEM ISl MOTYYEHHSI OObEKTUBHOTO PEILICHUS.

MeToabl 3KCIEPTHBIX OLEHOK — 3TO METO/Ibl OpPraHU3aluu paboThl CO CHENHUATNCTaMU-
JKCIIEpTaMU U 00pabOTKU MHEHHUN IKCIIEPTOB.

CymHOCTHL MeETOJ0B JKCIEPTHBIX OLICHOK 3aKJII0YacTcd B TOM, 4YTO B OCHOBY
IPUHSITOTO PELIEHMs], IPOTHO3a, BBIBOJA 3aKJIaIbIBAETCS MHEHHUE CIIELUANINCTA WIN KOJIJIEKTUBA
CIELMAINCTOB, OCHOBAaHHOE HAa MX 3HAHUAX M MPAKTUYECKOM NPOo(ecCHOHAIBHOM omblTe. B
IEPBYK0 O4Yepelb, OSKCIEPTHOM JOCTOMHA Ha3bIBaTbCd TOJIBKO Ta OLEHKA, KOTOpas
IPUIEPKUBAETCS MPaBHII 00BEKTUBHOCTU U YECTHOCTH.

MeToabl NOTy4eHHUs IKCIEPTHOM OLIEHKH:

. Ha OCHOBe KONIEeKMUBHOU pabomul IKCNEpMHOU 2pynnsl, KOTJa UTOrOBask OLEHKa
IPEJICTaBIsIET COO0M KOJIJIEKTUBHOE MHEHME SKCIIEPTOB, IOJYyYEHHOE METOIOM KOHCEHcyca —
IPUHATHEM PELIeHUs Ha OCHOBE 00IIero coriacus 6e3 NpoBeJeHNs TOJI0COBaHUS;

. Ha OCHOBE UHOUBUOYATbHO20 MHEHUs YIEHOB SKCIEPTHON TPYIIbI, HE3aBUCUMO
JPYT OT Apyra GOpMyIUPYIOIIUX OLEHKY MJIM Ha OCHOBAaHUM MHEHHUS JIMJepa MHEHUS.

MeTtoabl KOJIEKTMBHOH pPadoThl IKCHEPTHOH TPYyNIbI IPEANOIAraloT MOJyYeHHE
00I11er0 MHEHHUS B X0/1€ COBMECTHOTO 00CYKICHUS pelIaeMoi mpooaemsl.
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. M03208as amaka (M0320680U wimypm)— BBICTYIIJIEHUE 3KCIEPTOB, Ha KOTOpHIE
HaJIOXKEHO OJITHO OIPAaHUYECHUE — HEJIb3s KPUTUKOBATh IPEUIOKECHUS IPYTHX;

. MemoO «635» — omHA W3 PA3HOBHIHOCTEW Mo3roBoul ataku. Lludpsr 6, 3, 5
0003HAYalOT MIECTh YYACTHUKOB, KaXJbli M3 KOTOPHIX OJDKEH 3alucaTh TPU UIECHU B TEUCHHE
ATH MUHYT. JIuct xoaut no kpyry. Takum oO6pa3zoM, 3a oj4aca KaKIablil 3alIUIIET B CBOM aKTUB
18 uneii, a Bce BMecte — 108;

. 0eno6asi uecpa — MeToJl, OCHOBAaHHBI HAa MOJEIMPOBAHUHU (YHKIHOHUPOBAHUS
COLIMAJIbHOW CHCTEMBI YIIPABJICHUS IIPH BBIIIOJIHEHNUHN OIEpalluii, HAIPaBJICHHBIX HAa NOCTH)KEHUE
IIOCTaBJICHHOW LIEJIN.

. oyenKa Komuccueu — ONUH W3 METOJIOB JKCIIEPTHBIX OLIEHOK, OCHOBAaHHBIA Ha
paboTe crenuanbHbIX KOMUCCUH. ['pynmnbl 3KCHepToB 3a "KpyriabsIM CTOIOM" 00CYXIAIOT Ty WM
UHYIO IIPOOJIEMY C LIEJIbIO COTIACOBAHUS TOUYEK 3PEHUS M BBIPAOOTKU €IMHOIO MHEHHS.

. "cyo" — mMeTon, peanu3yeMblil 10 aHAJIOTHMU C BEIEHHEM CyneOHOro mpolecca,
KOTJia B pOJIM "MOACYIUMBIX" BBICTYNAIOT BBIOMpPAEMble BADUAHTHI PELLICHMS,;

Metoabpl moJy4eHMsT HMHAMBHAYAJIbHOTO0 MHEHHS YICHOB S3KCIEPTHOM TIpYIIIIBI
OCHOBAaHbl Ha TNPEABAPUTEIBHOM MOJYyYEHHH HH(GOpPMAIMKU OT 3KCIEPTOB, ONpPAIINBAEMbIX
HE3aBUCHMO JIpYT OT ApYTa, C Mocieayomel 00paboTKOM MOITy4eHHbIX JaHHBIX.

. memoo "Menvghu" — pa3zpaboTka mporpaMmbl TOCJIEIOBATEILHBIX MHOTOTYPOBBIX
UH/IMBUIYAIbHBIX OMPOCOB;

. MemooO unmep8vio Mpenoaaraet 6ecey ¢ SKCIepToM Mo CXeMe BOIIPOC — OTBET;

. MemoO Ooknada MpelyCMaTpuBaeT TIIATEIbHYIO CaMOCTOSTEIbHYIO paboTy

OKCIICPTa HaJl aHAJIM30M, C IPECAOCTABJICHUEM MHCHUS B BUIC AHAJIMTUYECKOM 3aIMHCKH.

Cnoco0bl BblpﬂﬁOTKPl KaK KOJUICKTUBHBIX, TaK U IICPCOHAJIbHBIX SKCIICPTHBIX OLCHOK!

. OYyeHKa Ha oCHoge accoyuayuti — cocod, OCHOBaHHBIN Ha U3yUYEHUU CXOXKEro IO
CBOICTBaM 00BEKTa C APYTUM O0BEKTOM;

. OYeHKa HA OCHO8e NO-NAPHBIX (OUHAPHBIX) CpagHeHull — CHOCOO, OCHOBAHHBIN Ha
COTIOCTABJICHUHU HKCIIEPTOM aJIbTEPHATUBHBIX BApUAHTOB;

. OYyeHKa Ha OCHOBe 6eKMOpO8 NpeonoumeHuti — crocod, OCHOBAHHBIM

Ha 9KCIIEPTHOM aHalu3e U rmepedopa Bcero Habopa albTepHATUBHBIX BAPHAHTOB U ONPEACICHUH
HauboJee MPeANnoYTUTENBHOTO.

. OYeHKa HA OCHO8e (POKALHBIX 00beKmM0o8 — CTI0CO0, OCHOBAHHBIN HA MIEPEHECCHUH
MPU3HAKOB CIIy9ailHO OTOOPAHHBIX AHAJIOTOB HA UCCIIETyEeMBIi OOBEKT.
. OYeHKA HA  OCHOBe  NOUCKA  cpedHell  mouku —  (HOPMyITUPYIOTCS — 1Ba

albTepHATUBHBIX BapuaHTa pemeHus. [locie 3Toro skcnepty HE0OXOaUMO MOI00paTh TPETHUH
aJbTEPHATUBHBIA BapHAHT, OLIEHKA KOTOPOr'0 PaclojOKeHa MEXAY 3HAa4CHHUM MepBOU U BTOPOU
aIbTEPHATUBBI.

IIpuMeHNMOCTL MeTO0a IKCIEPTHBIX OLEHOK. DKCIIEPTHBIE OLEHKH IPUMEHSAIOTCS Ha
J000M JTale HUCCIEJOBaHMS: B ONPENEICHMM LENM M 33Jadyd CaMOIo HCCIIEJOBAHUS, B
IIOCTPOCHMM M MPOBEPKE THIOTE3, IpPU BBIABICHUM NPOOJIEMHBIX CUTyalluii, B Xoje
MHTEPIpPETalNN KaKuX-TH00 MPOIECCOB, COOBITHI WK (HaKTOB, 1IE 000OCHOBAHHS aJIeKBATHOCTH
UCIIOJIb3yeMOI0 MHCTPYMEHTApHsl, B Mpolecce BbIPaOOTKH PEKOMEHAALUI U T.J. DKCIEepTHBIE
METO/Ibl OLICHKU NMPUMEHSIOT B CUTYalUsAX, KOr/a BbIOOp, 00OCHOBAaHUE U OLIEHKAa PELICHUH He
MOT'YT OBITh BBIIIOJIHEHBI HA OCHOBE TOYHBIX PacyeTOB.

1. 6 Jleknus Ne7-8 (4 yaca).

Tema: «TeXxHHKO-IKOHOMHYECKHE MO/Ie/IH ONTHMHU3ALMHU IAPAMETPOB M Pe:KMMOB PadoThl
MaIIMH U 000pyA0BAHUSA»
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1.6.1 Bonpochl JieKnum:

1. Ienn TEXHUKO-?PKOHOMHYECKOM OLIEHKU IapaMeTPOB U PEKUMOB MAILVH U
000pyI0BaHUA B CETbCKOM XO3SICTBE

2. [TpuMmepsl Mozienelt OLIEHKH 11eJ1ecO00pa3sHOCTH HHHOBALIMOHUPOBAHUS

3. CymHOCTb IMHEHHOTO MPOTPAMMUPOBAHHUS

1.6.2 KpaTkoe coaep:xkaHue BOINPOCOB:

1. llesiM TEXHUKO-IKOHOMHYECKOH OIleHKH NMapaMeTPoOB M PeKUMOB MALIIMH U
000py/10BaHNS B CeJILCKOM X035 CTBE

Lenu _mexnuko-)KOHOMUYECKO20 _AHAIU3A KOHCTPYKIUH MalIMH MOTYT  OBITh
pa3NIUYHBIMHM:  OILEHKa  MOTPEOUTENHCKMX  KAueCTB  MPOCKTUPYEMOW  MaIlMHBI, €€
KOHKYPEHTOCIIOCOOHOCTH 110 CpPaBHEHHUIO C JCHCTBYIOIIMMH, a TaKKe MepCIeKTUBHBIMU
MalIMHAaM{ ~ AHAJIOTMYHOTO  JKCIUTyaTallMOHHOTO  Ha3HauyeHUs, OTOOp Hawiydlled 1o
SKOHOMMYECKUM TIOKa3aTeNsM KOHCTPYKIIMM W3 MHOTHMX BapHaHTOB H T. JA. Bapuanr
KOHCTPYKIIMM MAalIuHbI, MPUHUMAEMONW K TPOU3BOJICTBY, JOKEH HMMETh CYIIECTBEHHbIE
IpeuMyllecTBa IO CpaBHEHHIO C JPYTMMHM BapuaHTaMu: o0O0ecredyuBaTh BBICOKYIO
MPOU3BOAUTENBHOCTh OOIIECTBEHHOTO TPY/Ja U BBICOKOE KAYECTBO MPOU3BOJAMMON MPOIYKIUU;
obJserdarh Tpya paOOTHUKOB U JIP.

Hcnwuumenvno 601buioe _3HAUeHUE UMEEHMCBOCBPEMEHHOCTh U BBICOKOE Ka4eCTBO
TEXHUKO-DKOHOMHUYECKOro aHanu3a (1T93A4). B mnpakThke, K COXaJC€HUIO, MHOTOYUCICHHBI
cly4yau, -Korjga u3-3a HHU3KOro kadecTBa TDAHOBBIX KOHCTPYKIMH WJIH TMO3HETO €ro
IPOBEJCHUS B NMPOM3BOJACTBO MPUHUMAIUCh SKOHOMHUYECKH Hed(hdexkTuBHbIe MamuHbl. [laxe
pacydeTsl, MPOBEJACHHBIE O Hayajla CEPUMHOTO0 M3TOTOBJICHUS HOBOW MAIlIMHBI, HE UCKIIOYAIOT
ONpeeNIeHHBIX TIOTEePh, CBSI3aHHBIX C 3aTpaTaMd Ha CO3JaHHE€ W OCBOEHHE HOBOU
texuuku (COHT) B Tex ciydax, Korjga »JTa MalllUHa OKa3bIBa€TCs SKOHOMUYECKH
Hed(h(PEKTUBHOM.

VYxe K KoHIY (OopMUpOBaHUS MPUHLUIHAIBHON CXEMbl MAalIUHBI U OCHOBHBIX €€
XapaKTepUCTHUK MpepeniaeTcs npuMepHo 75 % 3arpaT Ha ee M3TOTOBJIEHHE W DKCIUIyaTalluio,
xotd 3arpatsl Ha COHT eme He nocturim u 5 % obmell cymMMbl. B CBA3M ¢ 3TUM pacueTsl
9KOHOMMYECKOH 3((EeKTHBHOCTH HOBOM MAalIMHBI JOJDKHBI HAUMHATHCA elle Mpu paszpaboTke
TeXHU4YecKoro  3amanus (73) u MIOCTEIIEHHO  YTOYHSATHCS (KO  Mmepe  HAKONJIEeHUs
uHgopmayuu) Ha BCeX CTAIUAX MPOCKTHUPOBAHUS, YTOOBI KaK MOYKHO PaHbIIE MPEIOTBPATUTH
BO3MOYKHOCTH MOJIYYEHHS IKOHOMUYECKU HEAI(D(PEKTUBHON KOHCTPYKIUU.

Heo6x00umo _obecneuyump NOCTaTOUHO BBICOKYIO TOYHOCTH pAacuyeToB Ha OCHOBE
orpanudeHHoN nHpopmanuu. CKyIHOCTh MCXOAHON HH(OPMAIMK OCOOCHHO XapaKTepHa Ui
IPEIIPOEKTHON CTaquu U paHHUX CTaAUN MPOEKTUPOBAHHUS.

B npouecce pazpadomku T3 v Ha cTaiuu TEXHUYECKOTO MPEATIOKEHHS HHPOPMALIUS 1O
IPOEKTUPYEMO MallliHEe YacTo OrpaHMyYeHa 3HAYCHUSIMH HECKOJIBKHX OCHOBHBIX €€
napameTpoB. OHAKO yXe Ha 3THX CTaAUSAX HEOOXOAMMO UMETh YBEPEHHOCTb B TOM, UYTO 3THU
3HaYeHHWs BHIOpaHbl NPAaBWIBHO W JaibHeWmas pa3paboTka MpoekTa Ha uX 0asze jgacT
YKOHOMHYECKHU IP(EKTUBHBIE PE3YIIbTATHI.

Cpedu _mexHurko-skoHomuueckux _noxazamenei 6 cghepax COHT u_npou3zsodocmea
gvldenam:

Pacxonnpie mokaszaTtenu - MaTepUaioeMKOCTh U TPYJOEMKOCTh, Ha OCHOBE KOTOPBIX
NPOTHO3UPYIOT B pAlle CiIy4yaeB Cce0ECTOMMOCTh MAIlWHBI, €IWHOBPEMEHHBIE 3aTpaThl
Ha COHT, kanuTanoBnoXeHus B TPOU3BOJICTBO.
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YHu(pUKanuoOHHBIE W CTaHAAPTU3ALMOHHBIE MMOKA3aTeN, CYIIECTBEHHO BIUSIONIUE HA
BEJIMYMHY EIMHOBPEMEHHBIX M TEKYIIUX 3arpaT B cdepax MPOM3BOACTBA U SKCILTyaTalluu
MAIIHHEL.

Bpemennsie MoKazaTe, oTpeieNsonne CPOKHU 3aTpar B chepax
npousBoacTBa(ékarouas COHT) n sxcrutyaTanyi.

Cpedu nokazameneii 8 chepe IKCnIyamayuy bl0e1a0m:

[TokazaTenu mMpou3BOAUTEILHOCTH MAIIMHBI B €IMHUILY BPEMEHHU.

[Tokazarenu HaJEeKHOCTH MAIIUHBbI: 0€30TKa3HOCTb, JOJITOBEYHOCTH,
PEMOHTONPUTOAHOCTD U JIP.

pacxoJHbIe TIOKAa3aTeNU - 3aTpaThl HA AKCIUTyaTal[MI0 MallMHbl B €UHUILY BpEMEHH, Ha
eIUHUILY MPOAYKIIUU WM padOTHI, @ TAKKE COMYTCTBYIOIIME KAMUTAIOBIOKECHUS, CBA3aHHBIE C
ee MpUOOpPETEeHUEM U HKCILTyaTalle.

Cuctema mokaszaTenei, BIUSAIOMMX Ha SKOHOMUYECKYIO 3((GEKTUBHOCTh MAIIUHBI,
noka3ana Ha puc. 4.1.

Hcxo0a w3 paccmMompeHHbX mpedosanuii 1 HEoOXOJUMOCTH  NPEABAPUTEIBHOIO
oTpezieNieHUs] OCHOBHBIX SKOHOMHUYecKHX nokasareneil B cucteme COHT,nmpon3BoICTBEHHBIX U
HKCIUTYaTaIllMOHHBIX IMapaMeTPOB W IOKa3aTened, MOXKET OBITh MOCTpOeHA MPUHIHUIHAATBHAS
CX€Ma CpaBHUTEIBHOTO MHOTOBAapUAaHTHOTO TIA npoekTupyeMoit MalliuHsbl (puc. 4.2).

Ilpogodumple pacuembvl 00.12cHbL OOECTIEUNTh HE TOJIBKO BO3MOKHOCTH BBISBIICHUS
9KOHOMHYECKOH 3(h(hEeKTUBHOCTH KOHCTPYKLIMU MAIIMHBI, HO U TIOMOTaTh B ONpEAeNICHUH MyTen
€€ MOBBIIICHUS HAa KaXXI0M CTaANU MPOSKTUPOBAHUS.
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Puc. 4.1. Cucrema mokazareneil, OMNpENENAIOMNUX 3IKOHOMUYECKYI0 3()PEeKTUBHOCTD
MAIIHHEL.

Memodbl _pacuemog, OCHOBAaHHBIE Ha MCCIEAOBAHWU B3aUMOCBS3€H YHCIEHHBIX
3HAYCHUH TEXHUYECKUX IapaMeTpOB MAIIMHBI M €€ 3KOHOMHYECKHMX II0Ka3aTelei, a Takxke
pacueTHble (DOPMYIIBI, OTpaKalOIIME ATy B3aUMOCBA3b, JOJDKHBI JaBaTh BO3MOXHOCTb
KOHCTPYKTOpPY IPEIBHIETh, C OJHOM CTOPOHBI, KAaK H3MECHEHHE YHCIICHHBIX 3HA4YCHUU
napaMeTpOB MAIIMHBI BIUSIET HA YKOHOMHUYECKYIO 3(PEKTUBHOCTH €€ NCIOIB30BAHMUS, C APYron
CTOPOHBI,  «BBIXOJUTb» HAa  DJKOHOMHYECKM  ONTHUMAJbHBIC  YHCIEHHBIC  3HAYCHUSA
KOHCTPYKIMOHHBIX [1apaMETPOB.
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[ToaTomy BCE qarie UCIIOJIb3YETCS MOHSITHE TEXHUKO-DKOHOMHUYECKast
ontumu3zanus (730), npu KOTOpoil mpouecchl KOHCTpyupoBaHUud U TIACTaHOBATCS €IUHBIMH,
T. e. 010k  «DKOHOMHUKAY, O0COOEHHO B  CHCTEMax  aBTOMAaTH3UPOBAHHOTO
npoektupoBanus (CAIIP), HenocpeqCTBEHHO BCTPAWBAETCA B CHCTEMY KOHCTPYKTOPCKHUX
pacueToB (puc. 4.3).

Henvo _makonu TIO sBAseTCsT HENMOCPEACTBEHHBIN BBIXOJ Ha CUCTEMY 3KOHOMUYECKHU
ONTUMAIBHBIX YUCJICHHBIX 3HAYEHUN MMapaMeTpOB KOHCTPYKIIUHU, YCTAHABIMBAEMbIX HA JTaHHOU
cTanuu TmpoekTupoBaHus. Ilpu oSToM 3HaYeHHs, €CTECTBEHHO, JOJDKHBI IOJHOCTHIO
yIOBIETBOPATH TpeboBanusm T3.

T30 peanuzyemcsa 8 0uanozoeom pexcume pavoomot CAIIP na ocnose:

Teopernyeckux M METOAUYECKUX pPa3pabOTOK MEKOTPACIEBOIO U  OTPaCIE€BOTO
XapakTepa, KOTOpbIe KIaayTcsi B OCHOBY odunuanbHbXx MeToauk TIA u TIO st Bcex craauid
MPOCKTUPOBAHUSI.

MatemaTtuueckoro anmapara, 00ecrneqiBaronero BO3M0OXHOCTh TPOBEACHUS JOCTaTOUHO
TOYHOTO U HaJiexKHOTO TAA nnu kauectsennou TIO.

JlocTaTOYHOTO  Kpyra  CTaTUCTHYECKHX  JAaHHBIX IO  TEXHUKO-3KOHOMHYECKHM
napameTpaM M IOKa3aTesiM IPYrUX MalllMH aHAJIOTMYHOTO Ha3HAYEHHS, TEXHOJIOTHYECKUM U
OpPTaHU3AI[IOHHBIM YCIOBHUSAM HX MPOU3BOACTBA, TEXHUKO-IKOHOMUYECKUM SKCILTyaTalllOHHBIM
napameTpam M 1oKa3aressiM U T. .

BbICOKOTIPOU3BOIUTENBHON BBIYMCIUTENBHON TEXHUKU C OOJBIIUM OOBEMOM IMaMSITH,
ABTOMATU3UPOBAHHBIX CUCTEM TE€XHHKO-3KOHOMHUYECKOU HH(POPMALIUH.

Hcnonb3oBaHus OOYYEHHBIX CIEHUANTMCTOB, YMEIOIIUX CBS3aTh B €AMHYIO CHCTEMY
pPa3HOPOJIHBIE TapaMeTpbl M TOKAa3aTelld, MOCTPOUTh TEXHUKO HKOHOMHYECKHE, a 3aTeM U
SKOHOMHUKO-MaTeMaTUYeCKue MOAEIN UX B3auMocBszel, npoectd TIA u TIO no npaBuiabHO
BBIOPAaHHOMY 3KOHOMHYECKOMY KPUTEPHUIO.

DT ycI0BHsI CO3/IaHBI MTOKA JIUILb B OTAEIBHBIX OTPACIAX MAIIUHOCTPOCHHUS U TO JAJIEKO
HE MOJIHOCTBIO.
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{madun
npoexmupofanun

f

Pacyem
U KOWCMPYRMApcKuY
ananus naparempol rawuH,
anpedennermsix Ha OaHHGU
cmaduy

Hom Ydobnembopenue Kpumepui
mpedobanui IKOHOMUYECKOU
Jjakavusa Fppexmubrocmy
' Ja

(pabnumensroii
MeXHUKO -FKOHOMUYEC KUY
ananus Bapuanmol

KOHCMPYRULU

Jdecnevenue
IROHORUYECKOU
sppexmubnocmy

Hem

Via

Omdop Sapuaﬁmﬁ

FROHOMUYECKOU

KOHCMpYKYuu € MAKCUManbHod

Fppexmulinocmoro

K cnedyrowed cmaduu npoexmupolanus

Puc. 4.2. Ykpynuennas cxema nposenenusi TIA MamuHbl Ha CTaIUsAX TPOSKTHPOBAHMUS.
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Cmadus
npaexmupobfarun

U MEXHUKD — IKONOMUYECKOA
gnmumuaayus ﬂﬂpﬂﬁfmpﬂﬁ MaWwuH,
onpedensemuix Ha dannou
cmaduu

-

Kpumepud Ydobnembopenue
IKOHOMUYELKOU mpedolanui
sppexmubnacmu Jaxasyura | Hem |
u odecneyenue
FKOHOMUYELKOU
Fppexmubrnocmu

{ Ja

Omdop Bapuanmol
KOHCMPYKYUY € MAKCUMANbHOU
FKOHOMUYELKOU
¢ gexmubrocmew

K cnedyrouged cmaduu npoexmupafanus

Puc. 4.3. Ykpynnennas cxema nposenenust TO Ha ctagusx IpoOeKTUPOBAHMUS.

2. [Ipumepbl MojieJieii OLIEHKH 11€J1eCO000Pa3HOCTH HHHOBAIMOHUPOBAHUS

I/IHHOBaLII/IOHHaﬂ JCATCIIBHOCTb — JACATCIIBHOCTL I10 JOBCACHUIO Hay‘-IHO-TCXHPI‘ICCKI/IX
uael, n300peTeHnid, pa3paboToK 10 pe3ybTara, MPUTOJHOTO B MIPAKTUYECKOM HCIIOJIb30BAHHH.
B IIOJTHOM 06’b€Me HMHHOBAIIMOHHAsA HOCATCIIBHOCTh BKIIFOYACT BCEC BUIAbBI OCATCIBHOCTHU
1o pa3paboTKe, OCBOCHHUIO U MTPOU3BOCTRY, & TAK)KE PeaIM3alliid WHHOBAIIMHA

B uem cywynocms skonomuueckoil agpgekmusHocmu UHHOBAYUOHHOU OessmelbHOCmuU?

OcyiecTBiieHHE THHOBAIMOHHOM, KaK | JIFOOOH IpYroi, NesaTeIbHOCTH BCETJa CBSI3aHO
C pa3iiIMYHbIMHA BHYTPCHHHUMHA 1 BHCIIIHUMHU 3aTpaTaMu. HOBTOMy t-ITO6I:I OonpCaACIINTb
SKOHOMHUYECKYI0 3(P(PEKTUBHOCTh WHHOBAIIMOHHOW JIEATEILHOCTH, HEOOXOJAMMO OIICHHTH
3¢ (GEeKTUBHOCTH 3aTpaT Ha Hee.

Cnenyer pa3nuuath 3¢Q(EKTUBHOCTh 3aTpaT Ha MHHOBAIMOHHYIO JESATEIHHOCTH
y IpOU3BOAUTENEH (ITPOJABIIOB) U y NOKYTATENEH.
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Yem  paszmuuaemcs — paccmampusaemas — d¢hgexmusHocms Y npousgooumerneti
u nokynameneu?

OCHOBHBIM KpUTEpHUEeM 00OCHOBAHHS SKOHOMHYECKOH 3 (EKTUBHOCTH MHHOBAIIMOHHON
NEeSATENIbHOCTH  y Mpou3BoauTeNed  (MIPOJABIOB)  SBJISIETCS €€ pe3ynbTar:  YHCTHIN
JTUCKOHTUPOBAHHBIN JJOXO0/, KOTOPBIM OMpenensieTcss MyTeM CpaBHEHMsI MPOU3BEICHHBIX 3aTpaT
U TIOJTy4aeMbIX pPe3yJbTaTOB U MpPUHUMaeTca 3a 0a3y Juis BceX MOCIEAyoIUX 000CHOBaHUN
IKOHOMHUYECKOW I(DPEKTUBHOCTH KOHKPETHOIO WHHOBAIIMOHHOTO TMpoekTa. Kpome Toro
SKOHOMHYECKas 3P PEeKTUBHOCTh HHHOBALIMOHHOMN NESTEIBHOCTH BKIIOYAeT B ce0s ompeneieHue
U APYTHUX PACCMOTPEHHBIX HaMHU TOKaszaTeled: HMHACKCa JOXOIHOCTH, CPOKa OKYIaeMOCTHU
KalUTaJdbHBIX 3aTpaT W BHYTPEHHEH HOPMBI JOXOJHOCTH WIPOEKTa. 3aBeplIacTcsl OIeHKa
OnpeIeJICHUEM YCTOMUUBOCTH M YYBCTBUTEIBHOCTH OCHOBHBIX SKOHOMUYECKHUX XapaKTEPUCTHUK
IPOEKTa K N3MEHEHUIO BHYTPEHHUX M BHEITHUX [TapaMeTPOB.

DKOHOMHYECKYIO 3((DEKTHBHOCTh HMHHOBAIIMOHHOW JISATEIBHOCTH Y TIOKYIIaTeIeH HY)KHO
paccMmatpuBaTh ¢ UHOM cTOpoHBbI. [lokynaTens, mpuoOpeTast HOBIIECTBA, COBEPIICHCTBYET CBOIO
MaTepUAIbHO-TEXHUYECKYI0 0a3y, TEXHOJIOTHIO MPOU3BOJCTBA U yrpaBieHus. OH Hecer
3aTparhl, CBSI3aHHBIE C MOKYNKOH HOBIIECTBA, €ro TPaHCHOPTUPOBKOW, OCBOCHHEM U Jp.
D} dexTUBHOCTH 3aTpaT MOKYMATENs Ha UCIIOJIb30BAHUE HOBIIESCTB MOKHO OMPEEISITh, a TAKIKE
YIPaBIATH €10, Uepe3 CpaBHEHUE CIEIYIOMINX MOoKa3aTeNei:

. 3aTpaThl Ha NIPOU3BOJCTBO M PEAIM3ALMI0 MPOAYKLIHMH OO U MOCJIE€ BBEICHUS
HOBILIECTB;

. BBIPYUYKY OT peajii3alluy NPOJYKIIMHU 0 U MOCJIE€ BBEICHHS HOBILIECTB;

. CTOUMOCTbH MOTPEOISIEMBIX PECYPCOB JI0 U MOCIIe BBEJICHHUS HOBIIECTB;

. CPEOHECIIHCOYHYIO YHCIEHHOCTD IEPCOHAJIA U T.[I.

Ymo mbi noHumaem noo ycmoudusocmuio?

Ilon yCTOMYMBOCTBIO TIPOEKTAa TIOHMMAETCSA TMPEACIbHOEC HEraTUBHOE 3HA4YCHUE
aQHAJTM3UPYEMOTO TOKa3aTels, MPU KOTOPOM COXPAHSIETCS SKOHOMHYECKas I1eJ1eco00pa3HOCTh
pealn3aii TpoeKTa. YCTOMYMBOCTh MNPOEKTa K U3MEHEHUIO aHAJIM3UPYEMOIro IOKa3aTess
paccuuThIBaeTCA UCXO U3 TpupaBHUBaHMs K 0 ypaBHeHHs 11 pacueta NPV,

IIpoexT cuuTaeTcss YCTOMYUBBIM, €CIM TIPU OTKJIOHEHUM I[IOKa3aTeliell MpoeKTa
(KarmuTambHBIE BIOKEHHS, 00bEM MPOAaXK, TEKYIIHE 3aTpaThl © MAKPOIKOHOMUYECKHE (haKTOPHI)
Ha 10% B Xyauyio cTtopony, coxpansiercs yciosue NPV = 0.

Ymo mbi noHumaem noo YyeCmeumeibHoCmvio?

YyBCTBUTEIBHOCTh K M3MEHEHUIO TTOKA3aTeNsl ONPEACISECTCS TaKKE C TTOMOIIBIO aHAIIN3a,
KOTJla aHaJIM3UPYyEeMbI mokazarenb u3MeHsercs Ha 10% B CTOpOHY HETraTUBHOTO OTKJIOHEHHS.
Ecimn mocime »toro NPV  ocraeTcs MNONM0XKUTEIBHBIM, TO MHHOBAIMOHHAS OCATCIBHOCTH
CUMTACTCS HEYYBCTBUTEIBHON K M3MeHEeHHWIo naHHoro (akropa. Ecmauke NPV npunHumaer
OTpHULIATENIEHOE 3HAYEHUE, TO JESITEIIbHOCTh UMEET YyBCTBUTENIBHOCTh MeHee 10%-Horo ypoBHs
Y TIPU3HAETCS PUCKOBAHHOM IO JaHHOMY (hakTopy.

Ymo ewe credyem yuumvl@amv Hpu OyeHKe IPPeKmueHocmu UHHOBAYUOHHOU
OdesmenvrHocmu?

B pBIHOYHBIX  YCIIOBUSIX XO3SIMCTBOBAaHMUS OYEHb BaXKEH TakOW IIOKaszaTellb, Kak
MPUBJIEKATCILHOCT, MHHOBAIIMOHHBIX  IPOCKTOB, ONpeaeisieMas CTpaTerueil  (pupMbI-
WHHOBATOpa, YCJIOBUAMH  TPUBJICYEHUS  (PUHAHCOBBIX PECYpPCOB M MX HCTOYHUKAMH,
NUBUIEHIHON TIOJMTUKOW HWHHOBaTopa. Kpome TOro, JomMyCTUMOCTh MPOEKTOB JIOJKHA
MPEBHINIATh CTAaBKM OAHKOBCKHMX JEMO3WTOB, Ha YTO, KakK IPaBUJIO, OOpaIlIar0oT BHUMAaHHE
WHBECTOpPBL. HeoOXoaumMo Takke ONpeneNsITh €Ime | TOYKY O0e3yOBITOYHOCTH PabOThI
opraHu3anuu-uHHOBaTOopa. OHa ompeaensieTcs 00beMOM peau3aluy MPOAYKIIUH, TTPU KOTOPOM
MOKPBIBAIOTCS BCE M3ICPKKHU Mpou3BoacTBa. ClienoBaTeIbHO, BHIOOp 00beKTa HHBECTUPOBAHUS
MPEeACTaBISIET COO0ON OJIHY M3 BaXXKHBIX MpoOsieM. Hanmbonpmmum mpeamouyTeHrueM MOJIb3YIOTCS
T€ BUJbl MHHOBAIIMOHHON AESATEIbHOCTH, KOTOpBIE ITO3BOJISIIOT MMETh CBEPXMOHOMOJIBHYIO
npuOBLIL, YTO BECbMa YacTO 3aBUCUT OT YCTOWUYMBOIO CIPOCa HA HOBBIE BUABI MPOJYKIIMH HIIU
OKa3bIBAEMbIC YCIYTH.
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3 CymHOCTb JIMHEHHOr0 NPOrpaMMHUPOBAHUS

JIuneitHoe mporpaMMUpOBAaHME - OJMH U3 MEPBBIX U Hanbosiee MOIPOOHO HM3YUEHHBIX
pa3zenoB MaTeMaTHYecKOro IpOrpaMMHUpOBaHMsA. VIMEHHO JIMHEHHOE MPOrpaMMHUPOBAHUE
SIBWJIOCH TEM PA3JEJIOM, C KOTOPOTrO Hayaja pa3BUBAThCA caMa JUCIHUIUIMHA «MAaTeMaTUYECKOE
IporpaMMupoBaHue». TepMHUH «IporpaMMUpPOBaHUE» B Ha3BaHUU AUCHUILUIMHBI HUYEro O0IIero
C TEPMHHOM «IIPOrpaMMHUpPOBaHuE (T.€. cOCTaBlieHHe mnporpamm) ainsg 9BM» He umeer, Tak Kak
JUCLUIUINHA (IMHEHHOE MPOrpaMMHPOBAHME» BO3HHUKIA €Ie A0 TOr0 BpeMeHH, korga OBM
CTaJIi MIMPOKO MPUMEHSATHCS NPU PELIEHUH MaTEMaTHYECKHUX, MHKEHEPHbBIX, SJKOHOMUUYECKUX U
Ip. 3ana4. TepMuH «IMHEHHOE IPOrPaMMHUPOBAHUE» BO3HUK B PE3YJIbTAaTE HETOYHOTO IMEPEBOAA
anrimiickoro «linear programmingy». OJHO U3 3HaYEHUH CJIOBa «programming» - COCTaBJICHHE
IUIaHOB, MIaHUpoBaHue. CienoBaTenbHO, IPAaBUIBHBIM IepeBoioM «linear programmingy OblI0
Obl HE «IMHEHHOE NPOrpaMMHMPOBAHHUE», a «IMHEHHOE IJaHUPOBAaHUE», YTO OoJjiee TOYHO
OTpakaeT cojAepkaHue IUCHUIUIMHBL OnHako, TEPMHUH JMHEWHOE IIPOrpaMMHUpPOBAHUE,
HEJIMHEWHOE NPOrpaMMHUpPOBaHHE U T.JA. B HAIIEH JIUTEpaType CTAIH OOIECTPUHATHIMU.

Urak, nuHelHOE TPOTpaMMHUPOBAHUE BO3HUKIIO Tocie Bropoit MupoBoit BolHbl U cTan
OBICTPO pa3BUBATHCA, IPUBJIEKas BHUMAaHUE MAaTEMAaTUKOB, 3KOHOMHCTOB M WH)KEHEPOB
6saroapsi BO3MOKHOCTH LIMPOKOTO MPAKTUYECKOTO NMPUMEHEHHs, a TaK >K€ MaTeMaTH4ecKOn
«CTPOMHOCTH.

MoHO cKa3aTh, YTO JIMHEHHOE IPOrpPaMMHUPOBAHHE NPHUMEHUMO [UIl HOCTPOCHHUS
MaTeMaTUYECKUX MOJIETIEHN TeX MPOLIECCOB, B OCHOBY KOTOPBIX MOKET OBITH IOJIOXKEHA TUIIOTE3a
JMHEMHOIO NPEJCTABICHUS pPEaJbHOTO MHUpPA: SKOHOMHYECKUX 3a/ad, 3a]ad yNpaBICHUS H
IUTAHUPOBAHMS, ONTUMAJILHOTO pa3MeLeHUsI 000py10BaHUS U TIp.

3aza4amMu JUHEHHOTO MPOrPaMMUPOBAHMS Ha3bIBAIOTCA 3a/1a4M, B KOTOPBIX JTMHEHHBI KaK
neneBas (QYHKIWS, TaK M OTPAaHUYCHHS B BUAC PABEHCTB M HepaBeHCTB. Kparko 3amauy
JUHEHHOr0 MPOrpaMMHUPOBAHMS MOKHO COPMYIUPOBATH CIETYIOIUM 00pa3oM: HATH BEKTOP
3HaYCHUH NEPEMEHHBIX, JOCTaBISIOMIMX SKCTPEMYM JMHEWHOH IeneBod (GYHKIMH TpU m
OTrpaHUYEHUAX B BUJIC JIMHEHHBIX PABCHCTB MM HEPABEHCTB.

JIuneitHoe mpOrpaMMUpPOBAaHUE MPEACTABISET COOONW HamboJee 4YacTO MCIIOJIb3YEMBIH
MeTo ontuMu3anuy. K yuciy 3a1a4 JIMHEHHOTO IPOrpaMMHUPOBAHHS MOYXKHO OTHECTH 3aJJa4H:

* PallMOHAJILHOT'O UCIIOJIB30BAHUS ChIPbS U MAaTEPUAJIOB; 3a/1a4ll ONTUMHU3ALUU PACKPOS;

* ONTUMU3ALUHU IPOM3BOACTBEHHON MPOTrpaMMBbl IPEIITPHUATHIA;

* ONTUMAJIBHOTO PAa3MEILEHUS U KOHIIEHTPAIK IPOU3BOJICTBA;

* COCTaBJICHUs ONITUMAJILHOTO IJIaHa NePEBO30K, pabOThl TPAHCIIOPTA;

* YIpaBJIEHUs] IPOU3BOJCTBEHHBIMHU 3a11acaMu;

* 1 MHOTHE ApyrHe, IpuHaaIexKalue chepe ONTUMaIbHOIO MNIaHUPOBAHUS.

Tak, 1o oOLlEHKaM aMEpUKaHCKUX JKCIEpTOB, OKojlo 75% oT oOwmero uucia
IPUMEHAEMBIX ONTHMHU3ALMOHHBIX METONOB INPUXOAMTCA Ha JHMHEWHOE IMPOrPaMMHPOBAHHUE.
Oxko10 uyeTBEepTH MAIIMHHOIO BpPEMEHH, 3aTPAdeHHOIO B IIOCJIE€JHUE TOJbl Ha IPOBEIEHUE
HaY4HBIX UCCIIEZIOBAHUH, OBIIO OTBEIECHO PEIICHUIO 3a/1a4 JUHEHHOTO MPOrpaMMHUpPOBaHUS U UX
MHOTOYHCIICHHBIX MO (pUKALN.

ITocraHoBKa 3ajauM ONTHMH3ALMH IPEIIOJIAraeT CYLIECTBOBAHUE KOHKYPUPYIOIIUX
CBOMCTB Ipoliecca, HallpuMep:

* KOJINYECTBO MPOAYKLIUHU - PACXOJ] ChIPbs

* KOJIMYECTBO IIPOLYKLUHU - KAYECTBO MPOLYKIUN

Bb100op KOMIPOMHCHOTO BapHaHTa [Ull YKa3aHHBIX CBOMCTB M IPEJCTaBIsAET COOOH
IIPOLIEYPY PELICHMS ONITUMHU3aLMOHHOM 3aa4H.

ITpu nocraHoOBKe 3aja4uu ONTUMM3ALUN HEOOXOIUMO:

1. Hanmuume oObekTa onTUMHU3AIMM M 1eau ontumu3anuu. [lpu stom dopmynmposka
KaX0M 3a7audl ONTUMM3ALMU JIOJDKHA TpeOOBaTh SKCTPEMAlbHOTO 3HAYEHUS JIMIIb OJHOU
BEJIMYMHBI, T.€. OJHOBPEMEHHO CHUCTEME HE JOJDKHO NPUIIMCHIBATHCA JBA M 00jiee KPUTEpUEB
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ONTUMM3ALMM, T.K. IPAKTHUECKU BCETJa HKCTPEMYM OIHOIO KPHUTEPUS HE COOTBETCTBYET
JKcTpeMyMy npyroro. I[IpuseneM nmpumepsl.

TunuynHeli NpuMep HENPABUILHOW IIOCTAHOBKH 33a4Xd ONTUMHU3ALUN:

«[TomyunTh MaKCUMaJIBHYIO TPOU3BOAUTENBHOCTD IPU MUHUMAIbHON ce0€CTOMMOCTIY.

Ommbka 3aKiIr04aercss B TOM, YTO CTaBUTCS 3a7ada OMCKa ONTUMAIBHOCTH 2-X BEJTUYHH,
IIPOTUBOPEYAILUX IPYT IPYTy IO CBOEH CYTH.

IIpaBriibHAs MOCTAaHOBKA 3a/1a4l MOIJIA OBITh CIIETYIOILAs:

a) NOJYYUTh MaKCUMAJIbHYIO IPOM3BOAUTENIBHOCTD MPH 33/1aHHON ce0eCTOMMOCTH;

0) NOJy4YNTh MUHUMAJIbHYIO C€0€CTOMMOCTD MPHU 3aJaHHOW ITPOU3BOIUTENIBHOCTH;

B nepBoM ciydae KpHUTEpHl ONTHMMM3ALMKM - IMPOU3BOIUTEIBHOCTb, @ BO BTOPOM -
ce0eCTOUMOCTb.

2. Hanuume pecypcoB ONTHMMH3ALMH, TOJ KOTOPHIMU IOHMMAIOT BO3MOKHOCTh BbIOOpa
3HaUEHUI HEKOTOPBIX N1apaMETPOB ONTUMHU3UPYEMOT0 OOBEKTA.

3. BO3MOXHOCTb KOJMYECTBEHHOM OLICHKHM ONTHMHU3UPYEMOM BEIMYMHBI, MOCKOJBKY
TOJILKO B 3TOM CJIy4ae MOXHO CpaBHUBATh 3()(EKTHI OT BHIOOPA TEX WIM MHBIX YIPABISIOMINX
BO3€HCTBUI.

4. Y4er orpaHU4EHHUH.

OObluHO  omTUMHU3UpYyeMas BeJIMYMHA CBA3aHa C  SKOHOMUYHOCTBIO  paboThI
paccMarpuBaeMoro oObekTa (ammapar, LexX, 3aBof). ONTHMHU3MpPYEMBIH BapuUaHT pabOThI
00BEKTa JJOJKEH OLICHUBATHCS KAKOM-TO KOINYECTBEHHON MEpOii - KpUTEpUEM ONTUMATbHOCTH.

KpurepueMm onTUManbHOCTH Ha3bIBA€TCS KOJIMYECTBEHHAs] OLIEHKA ONTHUMH3HPYEMOIO
Ka4yecTBa 0ObEKTa.

Ha ocHOBaHMM BBIOpPAaHHOTO KPUTEPHUS ONTUMAIBHOCTH COCTABIISIETCS LieeBas GyHKINS,
IpeCTaBiIsAIomas COO0i 3aBUCUMOCTb KPUTEPUS ONITUMAIBHOCTH OT NapaMeTpOB, BIUAIONINX HA
ee 3HaueHue. Bua kputepust ONTUMaIbHOCTH MIIH LIEJIeBON (DYHKIIMU ONpEAesieTcs: KOHKPETHOM
3aJa4yell ONTHUMU3ALINH.

Takum o0pazom, 3aaya ONTHMHU3ALMUA CBOJUTCS K HaXO0XKAECHUIO 3KCTpPEMyMa LEJIEBOMN
byHKIIHUH.

B 3aBucumocTH OT CBOEH IOCTaHOBKH, JIH00asi U3 3a/1a4 ONTUMHU3ALUN MOXKET peIIaThes
pa3IMYHBIMU METOJIaMH, U HA000POT - J1000H METOA MOXKET IMPUMEHSTHCS IS PEIIeHUs] MHOTUX
3a1a4. MeToabl ONTUMHU3AIMU MOTYT OBbITh CKaJSPHBIMU (ONTUMU3ALMS IPOBOJUTCS 110 OHOMY
KPUTEPHIO), BEKTOPHBIMU (ONTHMHM3ALUS MPOBOAUTCS 1O MHOTHM KPHUTEPHSIM), MOMCKOBBIMU
(BKJIIOYAIOT METOJIbI PETYJISIPHOTO M METOMbI CIy4ailHOro NOMCKa), AaHATUTUYECKUMU (METOIbI
Iu(pepeHaIbHOr0  MCYUCICHHUs, METOAbl  BapUAIlMOHHOIO  HCUUCIEHUS M [1p.),
BBIUNCIIUTEIbHBIMH (OCHOBaHBI HA MAaTEMaTHYECKOM IIPOrPaMMUPOBAHUHU, KOTOPOE MOKET OBITH
JVHEHHBIM, HEJIMHEWHBIM, IUCKPETHBIM, TUHAMHUYECKHM, CTOXACTUYECKUM, IBPUCTHUYECKUM H
T.A.), TEOPETUKO-BEPOSITHOCTHBIMU, TEOPETUKO-UTPOBBIMU U Jp. IlonBeprarbes ontuMuzanuu
MOTYT 3a/1a4M KaK ¢ OTPaHUYEHUsIMH, TaK U 0€3 HUX.

DKOHOMHMKO-MaTeMaTH4ecKasi MoJieNlb JII000H 3aJaud JIMHEHHOro MpOorpaMMHpPOBAaHUS
BKJIIOYAET: LIeJIEBYI0 (YHKIMIO, ONTUMAJIBHOE 3HAYEHUE KOTOPOH (MAKCHUMyM WJIM MUHHMYM)
TpeOyeTcs OTBICKATh; OIPAaHUYEHUS B BHUJIE CUCTEMbI JIMHEHHBIX ypaBHEHUI WM HEPABEHCTB;
TpeOOBaHUE HEOTPULATENBHOCTH IEPEMEHHBIX.

B o01iem Buie MOAIENb 3alIUCHIBAETCA CIEAYIOIIMM 00pa3oM:

- esieBast QyHKLUA:

= clxl + ¢2x2 + ... + cnxn >
max(min); 1.1)

- OTpaHUYCHUA:

allxl + al2x2 + ... + alnxn {? =
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21 bl, 1.2)
a2lx1 + a22x2 + ... + a2nxn {?

?} b2,

amlx1l +am2x2 + ... + amnxn {? =
?} bm;

- TpeOOBaHUE HEOTPHUIIATEITHHOCTH:
j?0, 1.3)

ITpu aTowm aij, bi, ¢j () - 3aaHHbIE TIOCTOSHHBIE BEINYNHBI.

3amaya COCTOMT B HAXOXKJIEHHMM ONTUMaIbHOro 3HadyeHus ¢yHkuuu (1.1) npu
cobmonennn orpannuenuii (1.2) u (1.3).

Cuctemy orpanudenuil (1.2) Ha3piBalOT (QyHKIIMOHAIBHBIMU OIpaHMYCHMAMHU 3aJauu, a
orpanuuenus (1.3) - npsMbpIMH.

Bekrop , ynosnerBopsitomuii orpanuueHusM (1.2) u (1.3), Ha3bpIBaeTCs JOMYCTUMBIM
pemieHreM (IJIaHOM) 3aJadd JIMHEHHOTO NporpamMmupoBanus. [Iman , mpu KoTopoM (yHKIHS
(1.1) nocturaer cBoero MakCUManbHOr0 (MUHUMAJIbHOI0) 3HAYEHHU S, Ha3bIBACTCS ONTUMAJIbHBIM.

2. METOAUYECKUE YKA3ZAHUSA
IO MPOBEJEHUIO TIPAKTUYECKHUX 3AHSITUI
2.1 lIpakTuyeckoe 3anaTue Nel (2 yaca).

Tema: «Teopust mogodousi 1 MoeTUPOBAHM E)»

2.1.1 3apanue nis padoThbI:

1. Onpenenenue 1 MOHITHE CUCTEMBI U €€ 3JIEMEHTOB

2. Ilonstue u Moznenu moaenuposanus. Knaccupukanus Mmonenei.

3. IloHsiTHE «YEPHBIN SATUK

4. JlerepMUHUPOBAHHBIE M CTOXACTUUYECKHE, YIIPABIISIEMbIC U HEYITPABIISIEMbIEC CHUCTEMBI

5. ®yH1aMeHTaIbHbIE U IPUKJIAIHBIE 3HAHUS

2.1.2 Kparkoe onucaHue nmpoBoAMMOro 3aHATHUS:

Cucmema — COBOKYITHOCTH 3JIEMEHTOB, SIBIISIOIIASCS OOBEKTOM HCCIICIOBAHUS, U3yUCHUS
WM HaOMIOMCHUs. DJIEeMEHTaMH MOTYT OBITh (hU3HMYeCKHe OOBEKTHI (000pyIOBaHWE, MAIIUHBI,
npuOOpHkl, 3aHUSA U T.II.), ABJICHUs (HAarpeBaHUE, OXJIAKICHUE, CBEUCHUE, AIICKTPOMATHETU3M),
MPOLECCHl, B TOM YHUCJIe M TeXHOJOornueckue (yrnakoBKa, B3BEIIMBaHUE, COPTUPOBAHHE, MOWKa U
T.I1.). DJEMEHT CHCTeMBI- €€ HelIenuMmas 4YacTh B paMKaX KOHKPETHOTO WCCIICIOBAHUS,
peanusyronas KOHKpeTHbIe QYHKIUU. DJIEMEHT CUCTEMBI OITUCHIBAETCS MHOXKECTBOM Pa3INYHBIX
XapaKTePUCTHK, TapaMEeTPOB, CBSI3SIMH C COCEIHUMHU dJeMeHTaMu. CBS3M MEXIy JJIEeMEHTaMU
JIENal0T CHCTEMY €IUHBIM LENbIM. DJIEMEHThl OTIWYaloTCs APYT OT Jpyra BBIMOJIHAEMBIMU
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(GYHKIUSMHU, COCTOSSHHSIMH, BXOJaMU U BBIXOJaMH. JIF00O0# 31EMEHT MOXKET paccMaTpUBAThHCS
Kak OoJiee MelKasi cucTeMa.

TepMuH «cucTeMa» TOSBWICS B HAy4YHOH IUTEpaType NaBHO M SBISICTCS TAaKUM JKe
HEOTIpeIeNICHHBIM, KaK TEPMHHBI «MHOXECTBO» WJIM «COBOKYMHOCThY». Hanbosee mmpoko 3ToT
TEPMHH TIEPBOHAYAILHO HCIIOJIB30BAJICS B MEXaHHKE, I/ie 0003HAYANl MAaTePHAILHYIO CHCTEMY,
T.€. COBOKYITHOCTh MaTEpHUAIbHBIX TOUYEK, MOJTYMHEHHBIX OIMpE/IeJICHHBIM CBA3SIM. B nanpHelimem
MOHSITHE  CHCTEMBI  OBLIO  PAacpOCTPAaHEHO HAa  OWONOTHYECKHe, OSKOHOMHYECKHE,
TEXHOJIOTHYECKHE U APYTrue OOBEKTHI.

CucreMa- TOHATHE OTHOCUTEIbHOE. HekoTopass COBOKYIMHOCTh JJIEMEHTOB MOKET OBITh
yacTblo OoJiee KPYMHOW CHCTEMbI, HEOONbIIONH ee 4YacThbl0 MM paccMaTpuBaThCA
CaMOCTOSITENILHO, HE 3aBUCUMO OT OKPYKAIOIIET0 MUpPA. ITO 3aBUCHT OT IIENIM MCCIEIOBAHUS.
Jlis ycTaHOBJI€HHs CUCTEMBI, chepbl ee NeHCTBUS HEOOXOAMMO BBIIBUThH €€ IPAaHULbI U COCTaB.
[Ipy ycTaHOBNEHWUM TpaHHIl CUCTEMBI BBISIBISIOTCS TMPUIMHHO-CICACTBCHHBIE B3aUMOCBSI3H
MEX]y €€ FJIeMEHTaMHU.

J1Jis BEIIETICHUS] CHCTEMBI TPEOYETCS ONPEICTUTh:

- LIeTIb, IS TOCTHKEHUS KOTOpOoil popmupyeTcs cuctema;

- 00BEKT WCCIEAOBAHUS, COCTOSIIUNA M3 MHOXECTBa 3JIEMEHTOB, CBSI3aHHBIX C TOYKH
3peHus 1eNd B €IMHOE 11eJI0€ CUCTEMHBIMU MTPU3HAKAMU;

- cyOBEKT HcCleIoBaHus, HAOTIOACHMSI, 3aKa39iKa, (JOPMUPYIOIIETO CHCTEMY;

- XapakTepHCTUKH BHEIIHEH cpenbl MO OTHOLIEHHIO K CHCTEME M OTpaXKEHUE UX
B3aUMOCBS3€H C CHCTEMOM.

[lenb GYHKIIMOHUPOBAHUS OIpPEAETSeT CUCTEMHbIE MPHU3HAKU, C IMOMOIIBI0 KOTOPBIX
OIMCHIBAIOTCS JJEMEHTHl CHUCTeMBbl. CHCTeMa C TOYKM 3PEHHS IIeNId eCTh YIOPSIAOYCHHOE
npelcTaBieHue 00 00beKkTe (CyIIECTBYIOUIEM WM TMPOEKTHpyeMoM). PasHble CyOBeKThl, B
3aBUCHUMOCTH OT II€IH, MOTYT HMMETh CBOW MPEICTABICHHS OO0 D3JEMEHTaX CHCTEMBI, HX
B3aMMOCBSI3SIX U CBA3SIX C BHEIIHEW Cpesoi.

Llenb- smo cyOovekmuenvlli 00pas, abcmMpakmuas MoOelb HeCyuecmeyiouezo, Ho
JHcenaemo20 COCMoANUSL NPOU3BOOCMBA, KOMOPOoe Peuusio Obl O3HUKULYIO NPOOem).

Lenn, koTOphIe CTaBUT mepen co0Oil YemoBEeK, PENKO TOCTHIKUMBI TOJBKO 32 CYET €ro
COOCTBEHHBIX BO3MOKHOCTEMH, MJIM BO3MOXHOCTEH MPON3BOACTBA, K KOTOPOMY OH MPUYACTEH.

CreueHne OOCTOSATENBCTB, XapaKTEPU3YIOIIEECHd pa3IndMeM MEXIy HeoOXOIUMBIM
(>kemaeMbIM) W CYIISCTBYIOIIUM,  HAa3bIBACTCS MpoOAEeMOlU, UIU NPOOIEMHOU cumyayuell.
[Ipo6GIeMHOCTh CYIIECTBYIOIIETO TMOJIOKEHUS, B YAaCTHOCTH C IPOU3BOJICTBOM MPOIYKIIUH,
OCO3HAETCS B HECKOJIBKO CTaIul: Om CMYMHO20 OWYWEeHUs, Ym0 «4mo-mo He MmakKy, K
0CO3HAHUIO NOMPEOHOCU , 3aMeM BbIABLEHUI0 NPOOIeMbl U, HAKOHeY, K (POpMYIUpPosKe yeu.

Bes mocnepyromasi  1€ATE€IbHOCTb, CIOCOOCTBYIOIIAsl PEIICHUIO OSTOW  MPOOJIEMBI,
HaIpaBlieHa HA JOCTIKEHHE TOCTABICHHON LEIH. DTa JeATeIbHOCTh HAlpaBJIIeHa Ha OTOOp U3
OKpY’XKarolle cpeabl AJIEMEHTOB, CBOMCTBA KOTOPBIX MOXKHO HCIOJb30BaTh Ha JOCTH)KEHUE
MIOCTaBIICHHOM 11EJIH, U Ha 00bETUHEHUE ITUX SJIEMEHTOB HaJIeXkKaIUM 00pa3om, T.€. Kak paboTy
M0 CO3JJaHUIO TOTO, YTO MBI HA3bIBAEM CHCTEMOM.

B Tabmuue 1.1. mpuBeneHbl mpuMepbl L€l W CUCTEM, MPEAHA3HAYEHHBIX I X
peanuzanyu. COOTBETCTBHE MEXAY IENIIMU U CUCTEMaMU C(OPMYIUPOBATH IOCTATOYHO CIIOKHO.
Tak, ecnmu MexAy TMEpPBBIMH TpeMs IEIIMH U cHCTeMaMu (OPMYIHPOBKA COOTBETCTBUS HE
BBI3bIBACT 3aTPYJHEHHI, TO OCTAIbHBIC JABE LIEIH MOTYT UMETh HECKOJBKO CHCTEM, U HA00OpOT.
Jis obecrniedeHuss OBICTPOTO MEPEMEIEHUsT CEeNbCKOXO3SICTBEHHON MPOIYKIIUU C TIOJS B
KayecTBe CHUCTEMbl MOXHO HCIOJb30BaTh HE TOJBKO TPY30BOH aBTOMOOWIIB, HO TPAaKTOPHBIN
MPHIIET, KOHTEHHEPOBO3 U T.II. AHAJOTUYHO 3BYKOBas MH(OpMAIHs MOXKET OBITh IepeaHa 1o
MOOUJILHON PaluOCTAHIINH.

Ta6muua 1.1. Llenu u cucteMsl

N Ilens Cucrema

1 B mpoun3BOIBHEINT MOMEHT YKa3aTh BpEMS Yacer
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2 ObecreunTh MNpOU3BOJACTBO 3C€pHA IMMIICHUIBI CelbCKOX03MCTBEHHOE

OTIpeIeNIEHHON MacChI peanpusITHE

3 OOGecneunth BbIIEUKy xjeba B  3amaHHoM | [lexapHs
ACCOPTUMEHTE I 3HAYUTEIBHOTO KOJIHYECTBA
moaen

4 Ob6ecnieunth OBICTPOE NEpEMEIIEHHE 3alaHHOro| I'py30Boii aBTOMOOMIIB

KOJIMYECTBA CEJIbCKOXO3AMCTBEHHOW MPOAYKIIUU OT
IIOJIS IO CKJIazaa

5 [Tepenath 3ByKOByH HH(pOpManui B mpenenax | MoOwIbHBIN TeaehoH
ONPEACICHHOIO paiilOHa MTHOBEHHO HE3aBHUCHMO
OT MECTA €€ NCTOYHHUKA

VYHOpsI04eHHOCTh TNPENACTaBIEHUs] CyOBbEKTa €CTh LIEeJCHANPABICHHOE BBIACICHUE
AJIEMEHTOB CHCTEMBI, YCTAHOBJIEHUH HX IPU3HAKOB, B3aUMOCBs3eH Mexay co00il M ¢ BHEIIHEH
cpenoit. I[lpu BbIIENEHUMH CHUCTEMBl YYUTBHIBAIOT HauOoJjiee CYyLIECTBEHHbIE IPU3HAKH, BCE
BTOPOCTEIIEHHOE, HECYIECTBEHHOE- UCKIHYACTCA.

IousiTue Mmogesn u moaeauposanus. Kitaccupukanus moaenei

Hayunbple 3HaHUS MOXHO pa3[eJUTh Ha JIBE KaTerOpUU: ¢QyHOamMeHmanbHvle U
NPUKIAOHbLE.

Dynoamenmanvhvie 3Hanus ONUCHIBAIOT HanboJee 00IKe 3aKOHbI IPUPOBl U TEXHUKH.

IIpuknaonvle 3uanus TPEICTABISAIOT cOO0M Pa3sHOBUAHOCTH (yHIAMEHTAIbHBIX 3HAHUN U
HAXOJAT NMpPHUMEHEHHE NPH OpTaHU3aIlMH IPOU3BOACTBAa TOBapoB M B cdepe ycuyr. Kakas-to
4acThb 3TUX TOBAPOB M YCIYT UCIOJB3YETCS B IMPOLECCE HCCIENOBAHMM, YTO, B CBOIO OYepelb,
HOBBIIIACT YPOBEHb (DYHIaMEHTAIBHBIX U MPUKIATHBIX 3HAHUH.

Jlnis cornacoBaHus pe3yabTaTOB «CMEXHBIX» HCCIEI0BATENbCKUX IPOrPpaMM U BBIPAOOTKU
€AMHOI0 YOEeIUTENbHOIO JJIS MPAKTUKHM 3aKIIOUYEHUS - XOPOUIMM CpPEACTBOM  OKa3bIBAaeTCs
Mooenb.

Mooenb — MaTepHaJIbHBIN UM MBICIIEHHO NPEACTaBIsAEeMbll O0BEKT, KOTOPHIN B IpoLiecce
U3y4eHHs] 3aMellaeT OOBEKT-OpUIMHAN, COXpaHss HEKOTOpbleé Ba)KHblE [UIs JIaHHOTO
UCCJIEJOBaHMSI TUIIUYHBIE €70 YEPTHI.

Mooenuposeanue MOXHO paccMaTpuBaTh Kak 3aMeELICHHE MCCIelyeMoro oOBeKTa
(opuruHana) ero ycioBHbIM 00pa3oM, ONMCAHUEM WM IPYTMM O0OBEKTOM, UMEHYEMbBIM MOJIENbIO
U 00ecneunBaroMM a/IeKBaTHOE C OPUTMHAJIOM IOBEJCHHE B paMKaX 3aJaHHBIX JOMYILEHUI.
MonenupoBanue OOBIYHO BBINOJHAETCS C LEIbI0 IIO3HAHUS CBOMCTB OpUIMHAJTAa IyTEM
UCCIICIOBaHMs €r0 MOJENH, a He caMoro oObekTa. MojenupoBaHue ONpaBAaHO B TOM clyyae,
KOI'Zla OHO IPOIIE CO3JaHUsl CaMOro OpUIMHAJIA WJIM KOIJa MOCIEAHUN M0 KaKUM-TO MPUYMHAM
Jy4ie BooOlIe He co3/1aBaTh.

C MozensMu U MOJAETUPOBAHUEM Mbl CTAJIKMBAaEMCs B Hallell >KM3HU Kaxnablil neHb. B
JeTcTBe peOeHKa OKPYXKAl0T MIPYIIKM — MAIIWHKH, KYKJIbl, KOHCTPYKTOPHI U T. 1. - MOJENH,
HOBTOPSIIOUINE OTHAEIbHBIE CBOWCTBAa pEajbHO CYLIECTBYIOIIUX INpeaMeToB. Mrpas, peGeHok
II0JIy4aeT BaXKHbIC 3HAHWSA O HUX M, BbIpAacTas, HAYMHACT TPAMOTHO IIPUMEHSATH Y)KE€ peajbHbIe
00BekThl. B nporiecce MbIIITIEHUS YETOBEK ONEPUPYET 00pa3aMu 0ObEKTOB OKPYKAIOLIETO MUPA,
KOTOPBIE ABJISIOTCS Pa3HOBUIHOCTSIMH MOJIe/Iel — KOTHUTUBHBIMH (MBICIIEHHBIMHU ) MOJIEIISIMH.

PeanpHas monb3a OT MOJAEIMPOBAHUS MOXKET OBITH IOJIy4€HA NPU YCIOBHUH, UYTO MOJENb
adekeéamHna OPUTHHALY B TOM CMBbICIIE, YTO JOJKHA C JAOCTATOYHOW TOYHOCTBIO OTOOpa)xaThb
MHTEPECYIOIINE UCCIIEN0BATEN XapaKTEPUCTUKU OpUTHHAaA.

B OonpmMHCTBE CilydaeB MOJAEIMPOBAHHE BOBCE HE 3aMEHSET peajbHbIH OOBEKT U HE
OTMEHSAET He0oOXOIUMOCTH B €ro pa3paboTKe M HAaTypHOM HcnbITaHMM. OHO MPOCTO 3HAYM-
TEJIBHO yMEHbIaeT 00beM paboT MO NPOEKTHPOBAHUIO M UCCIEAOBAaHHIO OOBEKTOB. B Tex xe
ClIy4asiX, KOIJia 3TO He TaK, CTOMMOCTb MOJIEJIMPOBAHUSA MOKET 0Ka3aThCs BIIOJIHE CPAaBHUMOIL CO
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CTOMMOCTBIO pa3pabOTOK M HAaTypHBIX MCIBITAHUM M3JENUN (BCIIOMHUM TPEHAXKEPHYIO MOJEIb
camoJIeTa).

Hamum kinaccupuKauo MoJeneil, OTpaXxarIlylo B MEPBYIO OYepeab METOI0JIOTHYECKHE
BOIPOCHI MPOILENyphl MOCTPOCHUS MaTeMaTHUECKUX MoJeNell M HaXOXKACHUS HMX peIleHUus ¢
nomouiso O9BM.

Ecnyn ncxoanTh u3 11€1€BOro HanpapieHUs UH(OOPMAIIMOHHBIX TOTOKOB, HUPKYJIUPYIOMIUX
MEXIYy OOBEKTaMH M OKPYXKAIOUIMM MHPOM, MOJEINM MOXHO pa3AeIuTh Ha MOJENH AJs
uccne006anusi U MOJCIU ISl ynpagieHus .

Mooenu ona uccredosanus SBASIOTCS (POPMOI OpraHU3alMM U MPEICTABICHHUS 3HAHUH,
CPEACTBOM COEJUHEHUs HOBBIX 3HaHUH ¢ wuMeromuMmucs. Ilpu pacxoxiaeHun  Mojenu c
pPEAIbHOCTBIO 3TO HECOOTBETCTBUE JIUKBUIUPYETCS IIyTEM U3MEHEHUS MOJEIIH.

Mooenu Ons ynpaenenus SBISIOTCS CPEICTBOM OpraHM3allMM NPAKTUYECKUX JeHCTBUI,
CIIOCOOOM NPEJCTaBIEHMs 3TAJIOHHBIX AEMCTBUM MM MX pe3yibpTaTa, T.€. SIBISIIOTCS padouuM
npecTaBieHueM Lened. Mojenu s ymnpaBleHHs HCHOJb3YIOTCS Ui TOro, 4TOOBI IpH
OOHapyXEHUM PacXOKJIECHUS MEXIY MOJEIbI0 U pealbHbIM IPOIECCOM HAMPAaBUTh YCUJIMS Ha
U3MEHEHHE DPEaTbHOCTH TakK, 4TOObl MpHONIM3UTh ee K Mojenu. OHHM HOCAT HOPMATHUBHBIN
XapakTep, UTPAOT pOJIb CTAHJAPTA, MO KOTOPBIN MOATOHSIOTCS KakK cama JIesSTeNbHOCTh, TaK U
ee pesynbTar. llpumepamu Mojenel ynpaBieHUs CIyXaT IUIAHBI U IPOTPaMMBbl,  yCTaBbl
OpraHM3alfii, 3aKOHBbl, aJITOPUTMbI, pabouue dYepTeku M IIa0JIOHBI, MapaMeTpbl 0TOOpa,
TEXHOJIOTUYECKUE IOIYCKH, TEXHUYECKHE U arpOTEXHOJIOIHYEeCKHe TPeOOBaHUSA U T.JI.

OcCHOBHOE pa3iauuue MEXAY HCCIEN0BATEIbCKUMU MOJEISIMU W MOJEISAMHU  JUIS
yIpaBJIEHUS] COCTOMT B TOM ,4TO MOJENH Uil MCCIEJOBAHUN OTpakaloT CYILECTBYIOLIEe, a
MOJIEJIH JUIsl YIPABIIEHUS — HE CYLIECTBYIOIEE, HO XKEIAEMOE U BO3MOXKHO OCYILIECTBUMOE.

ITo ¢popme npencTaBieHUss MOAETH JCIAT HA husuuecKue, CUMBOIULECKUE U CMEUAHHbLE.

Duzuueckue modenu NOIPA3AEIAIOTCI Ha MOJIEIHN NOO0OUS U AHATIO208ble.

Mogenu nodobus XapakTepU3ylOTCS HEKOTOPBIMH  MAaCIITAaOHBIMM ~ HW3MEHEHHSIMH,
BBHIOMPAEMBIMU B COOTBETCTBUHU C KPUTEPHUSIMHU MOJ00US (Hampumep, riodyc- MOAeNb 3€MHOIO
mapa). [Ipuposa mporecca u ero gpusnueckas CymHOCTb OJANHAKOBBI KaK JUIsl MOJIENH, TaK U JUIs
UCCIIEyEMOT0 OpUTHHAJIA.

Ananozosvie MOJIETN OCHOBAHBI HAa U3BECTHBIX AHAJIOTUAX MEXy IPOTEKaHUEM IIPOIIECCOB
B MEXaHMYECKHX, TEIUIOBBIX, DJIEKTPUYECKHX, MHEBMATUYECKHUX, TMIPABIMYECKUX U JPYTUX
JUHAMUYECKUX CHCTEMax M INpeJHa3HaueHbl JUId UCCIIEIOBAaHUS CTATUYECKUX U JMHAMHUYECKUX
CBOMCTB 00BEKTA.

Cumeonuyeckue MOJIEIU XapaKTEPU3YIOTCS TEM, UTO MapaMeTpbl PeaJbHOro 0O0BEKTa U
OTHOIIEHHS MEXTy HUMH MPEICTaBICHBl CHMBOJIAMHU:

- CEMaHTHUYECKUMH (CIIOBaMH),

- MaTEeMaTUYECKUMH,

- IOTHYECKUMH.

Kiace cumBonnueckux Mozenel BecbMa IIHMPOK. Hapsany co ClIOBECHBIMM ONMCaHUSMHU
(YHKLIIMOHUPOBAHUS OOBEKTOB - CIEHAPHSMHM, CIOAA TAK)KE OTHOCATCS CXEMaTHYECKUE MOJIEIN:
YepTeKH, TPaPUKH U OJIOK-CXEMBI, JIOTHYECKHE OJIOK-CXEMBbI (HarmpuMep, aITOPUTMBI IIPOTPAMM)
U TaOaMLbl pelleHud, TaOauIbl U HOMOTPAaMMBbI, a TAaK)K€ MaTeMAaTU4YEeCKUE OINMCAHUS —
Mamemamuyeckue Mooenu.

Mamemamuueckas mooenvb TPEACTaBIsET co00i Habop QopMaabHBIX COOTHOIICHUH,
KOTOpBIE OTOOpakar0T IOBEJIEHUE HCCIEIyEMOW CHCTEMBl M COCTOSIEE U3 COBOKYHNHOCTH
CBSI3aHHBIX MEXIy COOOH MaTeMaTHYeCKMMHU 3aBHCUMOCTAMHU ((opMyiamMH, YpaBHEHUSIMH,
HEpaBEHCTBAMH, JIOTHYECKHMHU YCIOBHAMHU) BeNWYHMH -(akTopoB. [1o cBoeil ponu 3t akTopsl
11e51eco00pa3Ho NOApa3IeNInTh Ha HapaMeTphl U XapaKTepUCTHKH (puc.1.2).

Mooenu @ynkyuonupoeanusi BKIOYAIOT LIMPOKUN CIEKTP CHMBOJUYECKHX MOJENEH,
Hanpumep:

MOOeb HCUSHEHHO20 YUKIA CUCMeMbl, OTUCBHIBAIOIAs POLIECCH] CYIIECTBOBAHUS CHCTEMBI
OT 3apOXKJI€HUs 10 IpeKpaleHus (pyHKIIMOHUPOBaHMUS;
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MoOdenu onepayuil, BEITIOIHAEMBIX 00bEKTOM, TPEACTABISIOT OMMCAHUE B3aMMOCBI3aHHON
COBOKYITHOCTH TPOIECCOB (PYHKIIMOHUPOBAHUS OTIENIBHBIX 3JIEMEHTOB 00BbeKTa. Tak, B cocTaB
MoJeneil onepanuii MOTyT BXOJIUTh MOJETH HAJAeKHOCTH, XapaKTePH3YIOILIHe BBIXO/ SJIEMEHTOB
CUCTEMBI U3 CTPOS MO BIMSHUEM KCILTyaTalluOHHBIX (PaKTOPOB;

uHgopmayuonuvie mooenu, OTOOpa)Xarollie BO B3aUMOCBSA3M HCTOUYHMKOB U TOTpE-
outeneii wHbopManuu, BUIAb HHPOpPMAIMM, XapakTep ee MpeoOpa3oBaHMs, a TaKXKe HX
BpPEMEHHBIC M KOJIMYECTBEHHBIC XapaKTEPUCTHUKH;

npoyedypuvie Mooenu, OIUCHIBAIONINE TMOPSAOK B3aWMOJACWUCTBUS DSJIEMEHTOB HCCIe-
JyeMoro oOBeKTa MU BBHIMOJHEHUH PA3IMYHBIX OMNepalyii, Hanpumep oOpaboTKH MaTepuaos,
JeSITeNIbHOCTH MepCcoHaia, CIOMb30BaHus HHGOpPMAIUHU, B TOM UYUCIIE U pealu3aluu Mpolenyp
NPUHATHS YIIPABICHYECKUX PEIICHUH;

8peMmeHnHble MoOeu, OTIUCHIBAIOIINE MPoIeaypy (pyHKIHOHUPOBAaHUS 00BEKTa BO BPEMEHU
U paclpeneieHue pecypea "Bpems" o OTAEIbHBIM KOMIIOHEHTaM OOBEKTA.

Ilapamempamu oOBbEKTa HA3bIBAIOTCS (AKTOPHI, XapaKTEPU3YIOILUE CBOMCTBA 00bEKTa UITU
COCTABIIIIONINX €ro JIEMEHTOB. B mporecce uccienoBaHust 00beKTa psii MapaMETPOB MOXKET
U3MEHATHCA, TIO9TOMY OHHU Ha3bIBAIOTCS NepeMeHHbIMU, KOTOpble B CBOIO OYepenb
HOJPa3eIAI0TCs Ha nepemMeHHble COCMOAHUS U NepeMeHHble YNPAGIeHUs.

Ilepemennvie cocmosnus 00bEKTa SBISAIOTCS (YHKUUEH TEPEeMEHHBIX YIPaBICHUS U
BO3JICHCTBUM BHEIIHEHN CPEBI.

Xapaxkmepucmukamu (BBIXOJHBIMU XapaKTEPUCTHUKAMHU) HA3bIBAIOTCS HWHTEPECYIOIINE
UCCIIeIoBaTeNsl HEMOCPEACTBEHHBIE KOHEUHBIE pe3yJbTaThl (PYHKIMOHHUPOBAHUS OOBEKTa
(ecTecTBEHHO, YTO BBIXOJHbBIE XaPAKTEPUCTUKHU ABISAIOTCS MEPEMEHHBIMHU COCTOSIHHUS).

Xapaxmepucmuku 6HewiHeti CPelbl OIKCHIBAIOT CBOICTBA BHEIIHEW cCpefbl, KOTOpHIE
CKa3bIBAalOTCA Ha IIpolecce M pe3yibTara (YHKIUOHMPOBAHHUS O0OBEKTa. 3HAUYCHUS psja
(baxTOpOB, ONpeneNIIoINe HadalbHOE COCTOSHUE O0BEKTa WMJIM BHEIIHEH cpenbl, Ha3bl-BalOTCS
HA4anbHbIMU YCI0BUAMU.

[Ipu onMcaHNyM MaTeMaTHYECKON MOJIEIH OTIEPUPYIOT CIEAYIOUTMMH MOHATUSIMHU:

- Kpumepuii ONMUMAIbHOCU,

- yenesas QyHKyus,

- cucmema 02panuyeHull;

- ypasHeHue ces3u;

- peuteHue Mooeu.

Kpumepuem onmumanvnocmu Ha3bIBa€TCsl HEKOTOPBIN nokaszaresb, CIyXallui
dbopMmanuzaiueil KOHKPETHOI 1eNu yIpaBIeHUs U BHIPAXKAEMBbIii ITPU MOMOIIHU LeleBON QyHKINN
yepe3 (akrtopsl Monenu. KpuTepuil onTHManbHOCTH ONpEAENsieT CMBICIOBOE COJEp)KaHHE
neneBoit ¢yHKIMU. B psge ciydaeB B KauecTBEe KpUTEpUs ONTHMAIbHOCTH MOXET BBICTYIATh
OJTHA U3 BBIXOJHBIX XapaKTEPUCTUK OOBEKTA.

Mogens obbekTa

_________ - BbIX0gHbIE
XapakTepucTHEI . | HAPAKTEPHCTHEN
BHeWHeN cpebl | MepeneHHbIE obbekTa
— [E—
== COCTOAHHA —
ol —_—
I i

| L‘"W‘"W‘F

MapameTpel od beKTa

HaYanbHeIE
YyonoBuAa
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Puc.1.2. Knaccuduxanus ¢pakTopoB 10 UX POIH B MOJEIH.

Lenesas ¢hynkyus mMaTeMaTHUECKH CBS3bIBACT MEXAYy cO00HM GakTopsl MOAeIH, U ee
3HAUEHUE OIpENeseTCs] 3HAuYEeHUsAMU OHTHX BeduuuH. CoJepKaTeslbHbI CMBICHI 1€l1eBOI
(GYHKLIUU IPUAAET TOJIBKO KPUTEPUN ONTUMAIBHOCTH.

Cucmema ocpanuyenuss OUPEIEISET INPEAeibl, CYXKAOIUE O00JaCThb OCYHIECTBUMBIX,
IPUEMJIEMBIX WM JOMYCTHUMBIX PELICHUH U (UKCHpYIOIIME BHEUIHME U BHYTPEHHHUE CBOICTBA
oObekTa. OrpaHu4eHHsl ONpPENEISIIOT 00JacTh MPOTEKAHUS IIpolecca, MPEIesibl N3MEHEHUs
apaMeTPOB U XapaKTEPUCTUK OOBEKTA.

Vpasnenus ceésa3u SBASIOTCS MaTEMaTHIECKOH (popManu3anneil CHCTEMBbI OTpaHMYCHHH.

Kpurepun ontuManbHOCTH M CHUCTEMA OTPaHUYCHHUN ONIPEAEIAIOT  KOHIICTILHIO
NOCTPOCHHS OyAyIied MaTeMaTHYeCKOW MOJENH, T.. KOHYenmydanibHylo Mooeib, a uX (opma-
au3anusd, T.e. 1eneBas (QYHKIMS U ypaBHEHUS CBs3U, NPEJCTaBIsAeT cO00M mamemamuueckyro
Mooerny.

Pewenuem maTeMaTH4eCKON MOJIeNIN Ha3bIBAaeTCA TakoW HaOOp (COBOKYNHOCTb) 3HAYCHUH
HEPEMEHHBIX, KOTOPBIN yIOBJIETBOPSIET €€ YPAaBHEHUSAM CBS3H.

Mognenu, uMMeIUEe MHOTO pEIHICHUH, Ha3bIBAIOTCSA 6APUAHMHbLIMU B OTJIMYHE OT
be3sapuanmmubix, UMEIOMMX OIHO pemeHne. Cpeau AONYCTUMBIX — PEUICHUM BapHUaHTHOU
MOJENU, KaK MpaBWJIO, HAXOOUTCA OJHO pelIeHHe, NPU KOTOpPOM LeneBas (QyHKLuUSA, B
3aBUCHUMOCTH OT CMBIC/Ia MOJIENM, MMEET HaumOojbllee WIM HauMeHbllee 3HaueHue. Takoe
peleHue, Kak 1 COOTBETCTBYIOIIEE 3HaUEHUE 11eJIeBON (DYHKIIUU, Ha3bIBACTCS ONMUMATbHBIM.

B 3aBucumoctu OT cTeneHu (HOPMAIM30BAHHOCTH CBSI3eH MeXAy (hakTopaMH pa3iuyaroT
ananumuyecKue u aneopummuieckue Mooenu.

Ananumuyeckoii Ha3bIBa€TCSI MOJIEb B BUJI€ YpPaBHEHHI MM HEPABEHCTB, HE UMEIOLINX
pa3BeTBIIEHUI BBIYUCIUTENBHOIO MpOLECcca IMPU ONpPENeIEHUN 3HAUYCHUH JTI0OBIX MEePEeMEHHBIX
COCTOSIHUSI MOJIETTH, LIEJIeBOH (PYHKIINH U ypaBHEHUH CBSI3U.

Ecnmn B MaTemaTmyeckuxX MOJENSAX €AMHCTBEHHas IieneBas (DYHKIUS M OTrpaHUYECHUs
3a/laHbl aHAJIMTUYECKH, TO NMOAOOHBIE MOJAEIN OTHOCATCS K KJacCy MOAENed MaTeMaTH4eCKOIro
IIPOrPaMMHUPOBAHUS.

Xapakrep (YHKIMOHAJIBHBIX 3aBUCUMOCTEH MOXET OBITh JHMHEWHBIM M HEIWHEHHBIM.
COOTBETCTBEHHO 3TOMY MaTEMaTHYECKHE MOJIEIH IEIATCS Ha JIUHelHble U HelUHelHble.

B cnoxHoil cucreMe 3a4acTyro ropaszo Jerde mocTpouTh €€ MOJEIb B BUIE al120pumma,
IIOKa3bIBAIOLIETO OTHOLIEHUS MEXAY IEMEHTAMU CUCTEMBI B Ipolecce ee QyHKIMOHUPOBaHMUS,
3a/laBaeMble OOBIYHO B BUJIE JIOTHYECKUX YCIIOBUH - pa3BETBICHUI X0/1a IpoLecca.

K anropurMudeckuM MOJENSM OTHOCSATCS U UMUmMAayuoHHbvle MOOenu — MOACTUPYIOIINe
QITOPUTMBI, UMUTHPYIOLIME MTOBEACHHUE JIEMEHTOB M3y4aeMOro O0ObEKTa U  B3aUMOJEHCTBHE
MEXIy HUMH B Ipolecce pyHKIMOHUPOBAHMUS.

[Ipy W“MUTAIMOHHOM MOJETUPOBAHMM Ipolecc (PYHKIMOHUPOBAHUS TIOJCHCTEM,
BBIDQKCHHBIA B BHJE INPaBWJI U YPAaBHEHUM, CBA3BIBAIOIIMX IIEPEMEHHBIC, UMUTUPYETCS Ha
KoMIbloTepe. JlIs8 HMMUTauu  HCIOJIB3YIOTCA — CIIELMAJIbHBIE  CpeAbl HMMHUTALMOHHOIO
MOJICIIUPOBAHMs, IO3BOJIAIONINE CTPOUTh MOJENIH, HUMHUTHUpYIOIIME paboTy MoJenupyeMon
CUCTEMBI, C JIIOOOH CTENEHBIO JOCTOBEPHOCTH 0O€3 NpPOBEACHMS IMOAPOOHBIX AHATUTHYECKHX
npeoOpa3oBaHUA.

B 3aBucHMOCTH OT TOTO, COJEPIKUT JTH MaTEMAaTUUYECKas MOJIENb CIy4aiiHbIe (DaKTOphI, OHA
MOXET OBITh OTHECEHA K KJIACCY COXACMUYECKUX UNU OemMePMUHUPOBAHHBIX.

B oemepmunuposannvix monensx HHU 1eneBas (QYHKUUS, HU YpaBHEHUS CBS3H HE
coJiepkar ciaydailHbIX ¢akTopoB. CieqoBaTeNbHO, A1 JAaHHOTO MHOKECTBA BXOIHBIX 3HAUYEHUM
MOJIEJIM Ha BBIXOJE€ MOKET OBITh IOJY4YeH TOJIBKO OJUH €AMHCTBEHHBIN pe3ynabTaT. I'nmaBHas
0COOEHHOCTh JIETEPMUHUPOBAHHON MOJEIM 3aKJIIOYaeTcs B TOM, YTO JIOOOH MpOrHo3 (KuBas
Macca XHBOTHOTO, YPOXXaWHOCTh KYJIbTYphI, KOJMYECTBO OCAAKOB) OHa (opMupyer B BHIE
4HCIla, @ HE B BUJE PaCHpelelICHHs] BEPOSITHOCTEH. DTO B psAlle ClIydaeB MPUEMIIEMO, OIHAKO
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KOIJa NPUXOJUTCS HMETh €0 C BEJIMYMHAMHU, 3HAUYE€HUE KOTOPBIX NpEJCKa3aTb TPYIAHO
(KONIMYeCcTBO 0CAKOB), TAKOW MOAXO0] OKa3bIBACTCS COBEPLUICHHO HEYIOBIETBOPUTEIbHBIM.

Cmoxacmuueckue mamemamuyeckue mooeau HMMEIOT  (AKTOPBl C BEPOSTHOCTHOM
OPUPOJION U XapaKTEepPHU3YIOTCS KaKUMHU-IMOO 3aKOHAMHU pacripeseieHus. 3HaUeHUs BBIXOIHBIX
XapaKTEpUCTHK B TaKUX MOJEINAX MOTYT OBITh IIPEJCKa3aHbl TOJbKO B BEPOATHOCTHOM CMBICIIE.
OTO 1aéT BO3MOXKHOCTh OLIEHHUBATh HE TOJBKO CPEIHEE 3HAUEHHE IPOTHO3UPYEMOro Iapamerpa,
HO U €ro AUCIIEPCHIO.

CrnenyronmMm MOpU3HAKOM, MO KOTOPOMY MOXKHO pa3iauyaTb MaTeMaTHUYECKHUE MOJEIH,
SBIISICTCS CBA3b C (PAaKTOPOM BPEMEHH.

Cmamuueckas molenrb — 3TO MareMaTHdeckas (QYHKIHsS, B KOTOPYIO HE BKIIIOYEHA
IepeMeHHas BpeMEHHM. Bce 0co0eHHOCTH NOBENEHUs CHCTEMBI, HWMEIOIIUE BBIPAKEHHYIO
3aBHCHUMOCTh OT BPEMEHHU, MPH ITOM HTHOPUPYIOT. A TOCKOJIBKY BCE B MHpE OBICTPO JH,
MEIJIEHHO JIM, HO MEHSETCS, TO JII00as cTaTuyeckasi MoJelb ycinoBHa. CTaTUUECKUMU MOAEISAMU
MOJIB3YIOTCS, KOTJa B paMKax MOCTaBJICHHOM 3aJaull MHEPLMOHHOCTBIO U "MaMAThIO" peasbHOU
CHUCTEMBl MOJKHO IIpeHeOpeub. DTO BO3MOXKHO IpPU BBHIIOJHEHUM pAJa YCIOBHM, B YHCIO
KOTOPBIX BXOJSAT CIEAYIOLINE:

- CUCTEéMa yCTOMYMBa, T.€. IEPEXOAHBIE MPOILECCHI MOCIE CKAYKOOOPa3HOIO0 HM3MEHEHHUS
BXOJIOB 3aTyXaloT;

- BXO/Ibl MEHSIOTCSI MEJIJICHHO;

- BBIXOJbI U3MEHSIOTCS PEIKO.

MatemaTtnueckas MOJENIb CUCTEMBl Ha3bIBAETCA OUHAMUYECKOU, €CII 3HAUEHUE €€ BbIX0Aa
y(t) MOKeT 3aBHUCETh OT BpEMEHH t MPOTEKAHUS MPOLIEeCcca, ero MPOILIOTO S:

y(0) = F({u(s), s<t}). (1.1)

JluHaMuueckre MOJIENH MO3BOJIAIOT YyU4eCTh HAIMYKE "TaMATH", UHEPIIUOHHOCTH CUCTEMBI.
MareMaTHYeCKUM amlmapaToM ONMHUCAHUS JUHAMHYECKUX CHCTEM SBISIOTCA Tu(depeHanbHbIe,
Pa3HOCTHBIE YpAaBHEHUs, KOHEUHbIE aBTOMAThI, ClydailHble mpouecchl. JJMHaMUYecKue MO,
UMEIOIME TPAKTHYECKYI0 IIEHHOCTh, OOBIYHO CTPOSTCS Ha OCHOBE UG epeHINaTbHBIX
YpaBHEHUH, HE MOANAIOIINUXCA MPSIMOMY MHTETPUPOBAHUIO, U PEIICHUE UX HEJb3s MOIYYUTh B
BUJIE NPOCTHIX aHAIUTUYECKUX BbIpaXeHHUM. B 3TOM cilydyae npuberaroT K YUCIEHHBIM METO/laM
pelIeHni Ha KOMIBIOTEPE C TOMOIIBIO CTIEUAIBLHOTO MPOrPAMMHOTO 00ECTICUEHHS.

CucreMa MOXKET ObITb OUCKPEMHOU UIU HeNpepbléHOU TI0 BX0/1aM, BBIX0/1aM U 110 BpEMEHH.
[lox nUCKpETHBIM MOHMMAETCS KOHEYHOE WJIM CYETHOE MHOKECTBO- OJMH, JBa, Tpu U T.A. Ilox
HEIPEPBIBHBIM ~ TTIOHUMAETCSI MHOYKECTBO - OTPE30K, Jyd WIM HIpsiMasl JIMHUA, T.€. CBA3HOE
YHCIIOBOE MHOXECTBO, KOJHYECTBO 3JIEMEHTOB KOTOPOTrO CTpeMuTcs K OeckoHedHocTH. Kak
IIPAaBUJIO, TUCKPETHOCTh BXOJa BiEeUYeT 3a co00il NUCKPETHOCTh BbIXxoJa o0bekTa. Kpome Toro,
JUISl CTATUYECKUX CHCTEM MCUE3aeT pa3HUIA MEXTYy HEPEPHIBHBIM U AUCKPETHBIM BPEMEHEM.

Cmewannvle MOIENH MOTYT COJAEpXaTh Kak (HU3UYECKHEe, TaK W CHMBOJIHYECKHE
3JIEMEHTBHI.

Omnupuyeckue MOJENHM ONMCHIBAIOT CBSI3U MEXIy IapaMeTpamMH 3JIEMEHTOB OIHOIO
ypoBHS. Pa3paboTuuk SMIMPHYECKONM MOJENM BCerja OCTaeTcs B Ipenenax OJHOTO eIuH-
CTBEHHOT'O YPOBHS OpraHM3allMOHHON HepapXuu, € OH U CTPOUT YpaBHEHHS, CBA3BIBAIOILNE
MeXly cOO0H mapaMeTpsl, CBOMCTBEHHBIE MOACUCTEME TOJIBKO TaHHOTO YPOBHS.

DynkyuonanbHas MOJENb OOBACHAET CBSI3M MEXIY 3JIEMEHTaMHU KaK OJHOIO YpPOBHS
UepapXuu, TaKk U MEXIY pa3IU4YHbIMH ypOBHSAMHU. PaszpaboTuyuk (yHKIHMOHATBHOM MOJenu
CTPEMHTCS OMHUCATh TOBEACHUE CUCTEMbI C (PyHIaMEHTAIbHBIX MO3HMLHUHN, 3aTParHBarOIINX
OCHOBY pabOThl 00bEKTAa, YYUTHIBAIOIINX Harboee o0IIre 3aKOHOMEPHOCTH €T0 PabOTHI.

Bceerna MOXHO IOCTPOMTH TaKyl SMIIMPHYECKYI0 MOJAENb, KOTOpass Obuia Obl corna-
COBaHA C MAacCHBOM OIBITHBIX JaHHBIX JIydlle, 4eM (yHKUHOHAlbHAasA, T.K. HSMIHpUYECKas
MOJIeNIb MPAaKTHYECKH CBOOOJHA OT OTPAHMYEHUH, B TO BpeMs KaK BO3MOXXHOCTH (DYHKIIH-
OHAJIBHOW MOJEIN OTPaHUYMBAIOTCS TOJOKEHHBIMM B €€ OCHOBY JONYIIECHHUSIMH, UICIMU H
TUIIOTE3aMHU.
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IoHnsiTHEe «YepHBIN ALUIUK»

Pemenne mpoOnembl €cTh TO, YTO 3aMOJHSAET MPOMEXKYTOK MEXKAY CYIIECTBYIOIIECH H
KeymaeMol cuctemMamM. BakHoe 3HaueHue I 4eloBEKa MMEIOT HarjsjgHble, OOpasHbIE,
BU3yalbHbIe MoOAenu. [l HariasgHOro NpEeICTaBIIEHUS CHCTEMbl ee H300pakaioT B BHJE
«YEPHOTO SILIUKa», BBIJCIEHHOTO U3 OKPYXAIOLIEH cpeiabl W HMMEIOLIEro BXOJbl M BBIXOJBI,
puc.1.1. Ha3Banue «uepHbIi SIIUK» 00Opa3HO MOJYEPKHBAET MOJHOE OTCYTCTBHE CBEIEHUN O
BHYTPEHHEM COJICPKAHHH SIIIUKA: 3a1aI0TCs, GUKCUPYIOTCS, IEPEUUCISIIOTCS TOIBKO BXOJHBIC U
BBIXOJIHBIE CBSI3U CHCTEMBI CO cpenod. Takoil moaxon, HECMOTpsT Ha €ro MpOCTOTy M Ha
OTCYTCTBHE CBEJICHUI O BHYTPEHHE!N CTPYKTYpPE CUCTEMBI, YACTO OKA3bIBACTCSI TOJIE3HBIM.

CormnocTaBisiss BXOJbl U BBIXOJABI 33 Psi MOMEHTOB BPEMEHH, HaXOIAT TAaKUE€ BXOJ-HbIE
napaMeTpsl X, HpH KOTOPBIX PACCUYMTAHHBIE 3HAUEHUS BBIXOAHBIX IapaMeTpoB Y JIydllle BCErO
aNmIpOKCUMHUPYIOT (paKTHUECKHE 3HAYEHUS BBIXOJIOB.

CyurHocth MeTOJa "4epHOro simuka" COCTOUT B TOM, UTO NPU UCCICIOBAHUU OOBEKTOB
OHM PAacCMaTPUBAIOTCS KaK HEJOCTYMHBIM A HAONIONEHUsS, W3YUYEHUS M ONUCaHUs '"depHBIN
SIUK", MMEIOIIMI ONpeNeNeHHbIE BXOJbl U BBIXOJbl. BciencTBue CI0KHOCTH YCTpOiCTBa
"qyepHOro smuKa", T.e. ©3y4aeMoro o0beKTa, BO3MOXKHO JIUIIL HAOII0JaTh COCTOSIHUE BXOJOB B
HEro U COOTBETCTBYIOLIMX MM BBIXOJOB, T.€. M3y4aThb IIOBEJIEHHUE, HE 3HAs €ro BHYTPEHHEIO
YCTPOWCTBA.

Opnako, Kak Obl JETAJbHO HU M3y4yaloCh MOBEAECHHUE "UEPHOTO SILUKA', HENb3S1 BBIBECTH
000CHOBAHHOTO CYKJEHHUS O €ro BHYTPEHHEM yCTpOMCTBe, OO OJHUM M TeM e MOBEICHHUEM
MOryT o0jazaTh pasziudHble OOBEKTHI, & OJHO M TO K€ COOTHOUIEHME MEXIy BXOJaMH U
BBIXOJJAMH MOXET B IMpeAesiax HMMEIOLIUXCS CTAaTUCTUYECKUX JAaHHBIX YJIOBJIETBOPHUTEIBHO
OTUCHIBATHCS HECKOJIBKUMH Pa3IMYHBIMU MaTeMaTH4YeCKUMHU BbIpakeHHsMU. C yBelHYeHHEM
yrcia (pakToOpoB PerpecCHOHHON MoJenu OOBIYHO MAJaeT €€ JOCTOBepHOCTh. Kak moka3biBaet
IPAKTHKA, YAOBJIETBOPUTEIbHBIE MOJENM IOIY4alOTCsl NPU ONHUCAHUU CUTYyalluu, B KOTOPOH
BBIXOJHOM (haKTOp CYLIECTBEHHO CBA3aH HE 00Jiee YeM C MAThIO-IIECThI0 BXOIHBIMU (DaKTOpaMH.

Bo MHOrux ciydasx IOCTaTO4YHO COAEPKATEIBbHOIO CIOBECHOI'O OIMCAaHUS BXOAOB U
BBIXO/JIOB.

Oy EAKWAA
cpena
IneMeHTbl
CHCTEHMBI
¥ — O O —e ¥
— -
CHeTeMa

Puc.1.1. K OHATHIO «4YEPHOTO SIIIUKAY.

OnumieM BXOABI M BBIXOJbI CHCTEMBI «IPy30BOM aBTOMOOMIB». B naHHOM ciyuae 3a
BBIXOJI MO’KHO NPHHATE Y| - IPY30I0bEMHOCTh aBTOMOOMIIS, a TaKXke, Halpumep, Yo -3aTpaTsl
TOpIOYEro Ha eIUHHILY NepeBe3eHHOW mpomyKuuu. ChopMynupoBaB TakKMM 0OpPa3oM BBIXOJBI
CHCTEMBI, MOKHO NPUITHU K BBIBOAY, YTO OHU MOTYT OTHOCHTBCS KO BCEM aBTOMOOMWIISIM, a HE
TOJIBKO K I'py30BBIM. YTOOBI pa3iavunuTh aBTOMOOMIM BOOOIIE W TPY30BbIE aBTOMOOMIIM MOXHO
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yKa3aTh, YTO IPy30MOJBEMHOCTh JOJKHA OBbITh, Hampumep, He MeHblie 5 T. Eme MoXHO
N00aBUTh JOCTATOUHYIO JUIs ONPEAETICHHON 30HbI 3KCILTyaTallui IPOXOAUMOCTh AaBTOMOOMJIS.

B kauecTBe BXOZOB AJI1 TPY30BOr0 aBTOMOOMJIS 0003HAUYUM TE€ €ro 3JIEMEHTHI, KOTOPbIE
IpeIHAa3HaYeHbl U1 YNPaBICHUS BO BpeMs IBWKEHHS: X - pynb, X; , X3 ,X4 - nejganu
CLEIUICHUs, ra3a M TOpMO3a, Xs - pbl4ar IMEPEKIIYEeHUs Iepenad, Xe — IEPEeKIYaTeNH
CUTHQJIM3ALMU M OCBelleHusi, X; - pydka pydHoro Ttopmosa. HeoOGxoammMo ydecTb Takxe
OyKkBaJIbHbIE BXOJIbl: Xg - JIBEpH KaOMHBI M X9 -OOpTa Ais 3arpy3Kd NPOAYKLUU B Ky30B
ABTOMOOMIIS.

JlanpHelmuii aHanu3 BO3MOXKHBIX BXOJOB T'PY30BOTO aBTOMOOWJS IOKa3bIBAET, YTO
BXOJIHOE BO3JECHCTBHE HAa HErO OKas3bIBaeT Xjo - APYTUE MacCa)XMpbl, TUIl U KOJIUYECTBO I'Py3a,
CIIOCOOBI KPETJIEHUs TOCIEAHETO B KY30BE.

Oxpyxarolasi cpeia Tak’ke OKa3bIBaeT BXOJHbIE BO3/AEHCTBHS HA I'PYy30BOH aBTOMOOMIIb.
B nmepeuyeHp BXOIOB cieayeT IO3TOMY 3amucarh X - OKHA U 3€pKajia, ¢ MOMOLIBI0 KOTOPBIX
BOJUTENb HaOJIOAaeT 3a OKpyxkaromed cpemoil. Ho Torma MoXHO OTMETHTBh, YTO CBOICTBa
JIOpOTH, IO KOTOPOH ABHIKETCS TPy30BOM aBTOMOOUIIb, TAK)KE OKa3bIBAIOT BXOJHOE BO3ACHCTBHE:
10 Pa3HOMY IIPUXOJUTCS AEHCTBOBATh BOJUTENIO MPH €3/1€ 10 ac(aibTy U 10 IPYHTOBOH JA0opore,
B 1I0JI€, AOXK/b, TOJIONEN, I'pA3b. JloOaBisieM K CIUCKY BXOJ0B X2 - MEXaHUYECKOE BO3/IEHCTBUE
TpyHTa Ha KoJieca. Paccyxnas nmamee, MOXKHO OINpPENEIUTh B KaueCTBE BXOJOB CIEIYIOIIHE
BO3JICHCTBUS BHEIIHEH cpeabl: X3 — adpOAUHAMUYECKOE COIPOTUBIIEHUE BO3AyXa, X4 -CHIIBI
MHEPLHHN, BOZHUKAIOUIME IIPU TOPMOYKEHUH, IIPUUYEM IOCICIHUE 3aBUCIAT KaK OT OKpY)KaroIllen
Cpelibl, TaK ¥ OT CaMOr0 IPy30BOr0 aBTOMOOUJIS U Ipy3a.

PaccmoTpeHHBIl TpUMeEp CBUAECTENBCTBYET, YTO OCTPOCHUE MOJIEIH «YEPHOIO SINKa» HE
SIBJIIETCS TPUBUAIBHOM 3a7auel, Tak KaKk Ha BOIIPOC, CKOJIBKO M KAKHU€ BXOJbI U BBIXOJbI CIEAYET
BKJIIOYAaTh B MOJIE/Ib OTBET HE MpOCT. I'MaBHOM NpHYMHON OOJBIIOr0 KOJIMYECTBA BXOAOB U
BBIXOZIOB B MOJEIN «YEPHOIO SIIMKa» SBISETCS TO, 4YTO BCsKas peajbHas CcHUCTEMaA
B3aUMO/ICICTBYET ¢ 0OBEKTAMU OKpYXKarOIe cpe/ibl HEOrPAHUYEHHBIM YHCIIOM CIIOCOOO0B.
JleTepMHHHUPOBAHHbIE U CTOXACTHYECKHUE, YIIPABJIsieMble U HeyNpaBJisieMble CUCTEMBI

Paznuuator demepmunuposannvie u cmoxacmuyeckue cucmembl.

B Odemepmunuposannvix cUcTEMax LEIb HCCIEAOBAHUS IOJTHOCTBIO ONPEIEIIEHA, CaMu
JJIEMEHTBl M OTHOIIEGHUS MEXAY HUMU U BHEHNIHEW cpefod wu3BecTHB. IIpumepom
JIeTEPMUHAPOBAHHON CHUCTEMBI MOXET ObITh, HalpUMep, yOOpka (pPYKTOB KakK MpPOH3BOJI-
CTBEHHO-3KOHOMHUYECKasl CUCTEMA. DJIEMEHTaMU CHUCTEMBI SIBJIAIOTCS J€peBbi U QPYKTHI HA HUX,
NOABE3AHBIC IIyTH, TPAHCIOPTHBIE CPEACTBA, Tapa, YHNAKOBOYHBIM MarepHal, KOJIMYECTBO
coopuivkoB ¥ T.N. CyIIEeCTBEHHBIMH CHCTEMHBIMH NMPU3HAKAMU SBISIOTCS Ka4eCTBO (PYKTOB,
UX KOJIMYECTBO, II€HA Ha pbIHKE, Ce0ECTOMMOCTh IIPOU3BOJCTBA, IIOTOJHBIE YCIOBHUS,
KkBanuukanus coopukos. K HecyleCTBEHHbIM MpHU3HAKAM MOXKHO OTHECTH  (aMHIIHH
COOPILUKOB, IIBET MaTepuaya u3 KOTOpOro clejaHa Tapa U T.J.

Cucmemol co cmoxacmuyeckou cmpyKkmypot H€ UMEIT 00 SICHO BBIPAXCHHOM IIENH
UCCIJIEIOBaHMsI, JTMOO BBIPAKEHHBIX CYILECTBEHHBIX 3JIEMEHTOB M OTHOLICHUH MEXAYy HHUMHU
(mpusHakoB). IlomoOHBIE cHUCTEMBbI BBIACHSAIOTCS HA JTanax pa3pabOTKH, HMPOEKTHUPOBAHUS
CJIOKHBIX MIPOU3BOJICTB, TEXHOJIOIMUYECKUX MPOLIECCOB U 000PY10BaHUS.

CucreMbl pa3fenslOTCs Ha ynpasisemvie U Heynpaeisemvie. YIPABICHHE MOXKHO
ONPEEIUTh KaK OPTaHU3aLUI0 PA3JINYHBIX JCHCTBUH, IPOLIECCOB Ul TOCTUKEHUS HAMEYCHHOU
LEJIH.

Vnpaesnaemvie cucmemvr 00ecreUMBaIOT IIeTICHANpPaBIEHHOE (QYHKIIMOHUPOBAHUE MPU
M3MEHSAIOIINXCS] BHYTPEHHUX WJIM BHEIIHUX YCJIOBHAX. YTIPABICHHUE OCYLIECTBIISIETCS YEIOBEKOM
WIM CHELHAIbHBIM YCTPOWCTBOM (AJI1 TEeXHUYEeCKHX cucrteM). K ympaBiasiemMbIM cucTeMaM
OTHOCATCS, HallpUMep, ABM)KEHHE aBTOTPAHCIOPTa, pPaboTa TEXHOJIOTMYECKOM JIMHUM WM
OPEIIPUITHS B LIETIOM.

Heynpasnsiemvie cucmembl He 00€CIIEUUBAIOT IieJIeHaNpaBiIeHHOro QyHKIMoHupoBaHus. K
HEYIPaBJISIEMbIM OTHOCSITCS CTUXUHHBIE SIBJIEHUS NPUPOIbl, paboTa 000pyAOBaHUS IOCIIE
OTKa3a, IBUKEHUE BETPA.
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[Ipu paccMOTpeHHH, aHANM3€ W CHHTE3E CHCTEM CYIIECTBYIOT JABa MOAXOJA: UHOVK-
MUBHLLU (K1ACCUYECKULL) U CUCTEMHDBLIL.

Hnoykmuensiti TOAXO MPENOIaraeT n3y4eHHue CHCTEMBI ITyTeM Iepexo/1a OT YacT-HOTO K
o01eMy U AajdbHEHIINA CHHTE3 CUCTEMBI 3a CUET CIUSHUS €€ KOMIIOHEHTOB.

Cucmemmubiii n00Xo0 TpeAnoaaraeT mnepexo] OT OOIEero K 4acTHOMY IPH BbIACICHUU
HCCIIElyeMOT0 00BbEKTa U3 OKpYXKaroIlel cpesibl P €AUHOM LeNH.

CTpyKTypy CHCTEMBI MOXHO H3y4aTb HCXOJIsS M3 COCTaBa OTHCIHBHBIX IMOJICUCTEM
(cmpykmypuslii. nooxo0) WIW TyTeM aHanu3a (YHKIUOHUPOBAHUS OTIEIBHBIX CBOWCTB,
MO3BOJISIOIINX JIOCTHYb 33JaHHON TEeNH ((DYHKYUOHATbHBLL NOOX00).

CmpykmypHbiil n00X00 TIO3BOJISIET BBIJCIUTh COCTAB 3JIEMEHTOB CUCTEMBI U CBSI3U MEXIY
Humu. HauOonee olmiee omucaHue CTPYKTYpbl- TONOJOTMYECKOE ONMCAHME Ha 0as3e Teopuu
cetelt u rpadoB.

Cmpykmypa cucmembl- COBOKYIMHOCTb CBSI3€ MEXKIy 3JEMEHTAaMH CHUCTEMBI, OTpa-
xKaroas ux pzaumopencTeue. CTpyKTypa CUCTEMbl MOXKET U3y4aThCsl C pa3HbIX MO3ULIUIN- U3BHE
(cocTaBa OTJENBHBIX 3JIEMEHTOB CUCTEMBI M OTHOLICHUH MEXy HUMH) U U3HYTpH (IIpU aHAIIN3e
CBOWCTB CHCTEMBI, MNPUBOJAMIMX K HaMedeHHOW wenn). CBsI3M MeXAy dSJIEMEHTaMH,
ONpEAEAIONNE CUCTEMY, MOTYT OBITb ycmouuugvle, HeyCmouyugble, CMAaAMUCMuU4ecKu
ycmouduguvle.

Yemotiuugvle c6a3u cymecTBYIOT MOCTOSIHHO B T€UEHHE PACCMATPHBAEMOTO MPOMEKYTKa
BPEMEHU WJIM BO3HUKAIOT PETYISPHO.

Heycmotiuugvie c643u BOZHUKAIOT PEAKO, OT CIydasi K ClIydaro.

Cmamucmuuecku ycmotiuugule CBSI3U ¢ TEUCHUEM BPEMEHM CTPEMSITCA K ONpeAeTIeHHbIM
3HAYCHUSM.

CBs3M MOTYT ONpeAensATbcd HKOHOMHUYECKUMH OTHOIIEHUSAMH, (U3NYECKUMU WIH
COLMAIBHBIMUA 3aKOHAaMM, OTHOIICHHSAMH DPOJACTBA, NMOAYUHEHHOCTH U T.J. OHU MOTYT OBITH
(GYHKINOHATBHBIMU, MHPOPMALMOHHBIMH, IPUIUHHBIMHU, IOTHYECKUMH U T.J.

DYyHKYUOHANbHBIL  NOOX0O0 paccMaTpuBaeT  OTHENbHBIE (YHKLIHH, AITOPUTMBI,
IPUBOASIINE K JOCTH)KEHUIO LIETIH.

Xapaxkmepucmuku cucmemsbl MOTYT OBITh KOJWYECTBEHHBIE W KauecTBeHHbIe. Komm-
YECTBEHHO CHCTEMa XapaKTepU3yeTCs YMCIaMM, BBIPAKAIOIIMMHU OTHOIIEHHE MEXIYy 3aJaHHOU
BEJIMYMHON (3TAJIOHOM) M HcciaenyeMod BenuuMHOM. KadecTBEHHblE XapaKTEpUCTUKU
BBIP@KAIOTCSl OMNMCAHUEM THUIA XOPOIIMH, IUIOXOH, OoJsble, MEHbLIE WIH C HOMOILBIO
Pa3IMYHBIX MIKaJ, HATPUMEP METOAAMHU HKCIEPTHHIX OIICHOK.

DynxkyuoHuposanue cucmemsl — NPOSBICHUE PYHKIUI CUCTEMBI BO BPEMEHH, NEPEXO]] OT
OJTHOTO COCTOSIHHS K JIpyromy (ABHXKEHHE B MPOCTPAHCTBE COCTOsHMI). [Ipu mcmonb30BaHUH
CHCTEMBl Ba)KHO KauecTBO ee (pyHKIMOHUpoBaHUs. OJUH M TOT K€ 3aKOH (DYHKIIMOHUPOBAHMS
MOXET OBITh pealu30BaH C MOMOIIBI0 Pa3IMUHBIX aIropuTMOB. [Iponecc GyHKIIMOHUPOBAHHS
MOXHO paccMaTpuBaTh KakK IIOCIEOBaTENIbHYI0 CMeHY cocTosHUH. COBOKYNHOCTb BcCeX
BO3MOXHBIX 3HAYCHUN COCTOSHUI CUCTEMBI Ha3bIBAIOT NPOCMPAHCINEOM COCIMOSHUL CUCTEMDL.

Brnewmnsis cpeda- MHOKECTBO CYIIECTBYIOIIUX BHE CHCTEMBbI 3JIEMEHTOB JIIOOOH IPUPOABI,
OKa3bIBAIOLINX BIMSHUE HA CHCTEMY WJIM HaXOJSAIIMXCS IMOJ ee Bo3zeiicTBUeM. BHemHss cpena
onpenenser YCIOBUS (DYHKIMOHUPOBAHMS CHUCTEMBl IIOCPEICTBOM BO3JEHCTBHS BHEIIHUX
(baxTOpOB, ABIAIOMUXCS ABIKYIIEH CHIION Mpolecca U ONpeNeNsIiomuX XapaKTepUCTHKH 3TOTO
nporecca. B 3aBucuMOCTH OT  LenM BHEIIHHE (DAKTOPbl MOTYT OBITh CIMUMYAUPYIOWUMU,
DpeyIupyiowumMu, 02paHuduearOuUMu, 603MyWaroWuMy U paspyuarouumu.

Cmumynupyowue Gaxmopsl CTUMYJIHUPYIOT pPa3BUTHE Mpoliecca, HapUMep, Iojava
YIJIEKHUCIIOTO Ta3a (BHEIHUH (pakTop) B TEIUTUILY (CUCTEMY) IPUBOAUT K YCKOPEHHUIO CO3PEBAHUS
pacTeHU.

Pecynupyrowue, ynpaenaiowue ¢pakmopvl NPUBOIAT K W3MEHEHHUIO LIEJEH, PEXUMOB U
QITOPUTMOB (DYHKIIMOHUPOBAHUSI CUCTEMBI.
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Oepanuyusarowumu axmopamu SBISIOTCS Pa3IUYHbIE HOPMAaTHBHO-TIPABOBHIE AaKTHI,
3aKOHBI, HOPMBI  IOBEJICHMs, TEXHUYECKHE  YCIOBHs, pPErJIaMEeHThl M  CTaHAapThI
(YHKIMOHUPOBAHUS TEXHOJIOTHUYECKHUX IPOLIECCOB U TEXHUUECKUX CHCTEM.

Bosmywatowue ¢akxmopvr — 3TO OTpHLATENbHbIE (DAKTOPbI, HETaTUBHO BIMSIOIINE Ha
paboTy cHCTEMBI, JOCTIDKEHHE €€ Wedu. OTH (aKTOpsl MOXKHO CIPOTHO3UPOBATH H
KOMIIEHCUPOBATh.

Paspywarowue ¢axmopwr — 3T0 OTpULATENBHBIE (HAKTOPHI, KOTOPBIE CIIOKHO CIIpPOT-
HO3MpOBATh, a 3HA4YMUT, U MpeaoTBpaTuTh. OHU MNPUBOAAT K YACTUYHOMY WIH IOJHOMY
YHUUTOKEHUIO CUCTEMBI.

OTHOIIEHUS MEXAY 2JIEMEHTAaMH CUCTEMBI U CUCTEMOMW ONpENeNsIoTCs X Hepapxuei.

Hepapxus — 3T0 ynopsii0YeHHAs! 110 CTAPIIMHCTBY COBOKYITHOCTD JIEMEHTOB U MOJCUCTEM,
BXOJIIUX B JAHHYIO CHCTEMY, HallpUMep, 3aBOJ — 1I€X — y4acTOK — JHMHMA- annapaT. Cmbica
TEPMHHA «Hepapxus» (win Oojiee MOINHO — «OpPraHM3alMOHHAs HEpapXus») yHoOHEe BCEro
HOSCHUTb HAa TUIIMYHOM JUISI CEJIBCKOT0 X035 CTBa IpUMepe:

YpoBeHb Onucanue ypoBHS

i+1 COBOKYITHOCTh OpPTaHU3MOB (CTaJI0,
CEJIbCKOXO3SUCTBEHHAST KYJIbTYpa)

i Opranu3m (GKMBOTHOE, PACTCHHE)

1-1 Opransl

-2 Tkanu

1-3 Knerkun

-4 Oprasesnisl

1-4 MakpoMOJIEKyJIbIL.

B uepapxuueckoii cucmeme  0OBEKT pacujeHSETCS Ha YPOBHHM COTJIACHO TPHHLUIY
NOJUYUHEHHUs] HU3MUX ypoBHEH BbicluuM. CTeneHb AEKOMIO3MLUHU OyHeT ONpenenaTbcs Kak
cnenn (UKol permaemMoi 3a1a4n, Tak ¥ UMerolencss nadopmarueit 06 o0bexTe.

Hepapxudeckass opraHusanus, KOHEYHO, HE SIBJIAETCS HCKIIOUYUTEIBHOM OCOOEHHOCTBIO
CeNbCKOTO XO3SCTBA - TAaKOW TOAXOJM K CTPYKTYPHPOBAHHIO NPUIOKHM K CaMbIM
pa3HOOOpa3HBIM CHCTEMaM - KOMMEPYECKHUM MPEANPHUITUSAM, KOMIUIEKTaM KOMIBIOTEPHBIX
pOTpaMM, COLUATIEHOMY YCTPOUCTBY, JICKTPOHHOMY 00OPYIOBAHHUIO U T. TI.

OOBexThl, MpUHAAIEeKAIINE KAKIOMY CTPYKTYPHOMY YPOBHIO, MOTYT paccMaTpuBaThcs U
KaK CHCTEMbI, OOpa30BaHHbIE M3 IoOAcUCTEM (OOBEKTHI Oojiee HHU3KMX YpPOBHEH), M Kak
HOJICCTEMBI, BXOJAIINE B COCTAaB HEKOTOPOH cUCTeMBI (00BEKT 00J1ee BHICOKOIO YPOBHS).

Jns uepapXMyecKHX CHUCTEM XapaKTepHBI TP BaXKHBIX CBOWCTBA:

1. Kaxnplii ypoBeHb HepapXuM HMeEET CBOH COOCTBEHHBIN SI3BIK, CBOIO CHUCTEMY KOH-
Henuuid WM npuHOUNoB. K mpuMepy, MOHATHS «IIPOU3BOJCTBO MPOIYKTOB XKHBOTHOBOJICTBAY,
«ypO’KalfHOCTh CEJIbCKOXO035HCTBEHHON KyJIBTYphl» NMPAKTHUECKH JIMLIEHBl CMBICIA Ha ypOBHE
KJIETKH WM OPTaHEeIUIBL.

2. Ha kaxaoM ypoBHE HEpapXuu HPOUCXOIUT 00O0OIIEeHHE CBOWCTB OOBEKTOB Ooisee
HU3KHUX YpOBHEH. 3aKOHOMEpHOCTH, OOHAPYKEHHbIC M ONMUCAHHBIC JUIS TOCIEAHHX, MO-TYT
OBITh BKJIIOYEHBI B OOBACHSIONIYIO ((DYHKIMOHAIBHYIO) cXeMy, oOpeTas mpH 3TOM CBsI3b C
00BEKTOM BBICHIETO YpOBHA. TakuM o0Opa3oM, ONHCAaHUE Ha YPOBHE 1 CHOCOOCTBYET
00BSICHCHUIO (TOHMMAHUIO) SIBIICHUM, UMEIOIINX MECTO Ha ypOBHE i- 1.

3. B3auMmoCBs3M MEXIy YpPOBHSIMH HE CHMMETPWUYHBL. i HOpPMajabHOTO (YHKIU-
OHUPOBaHUS OOBEKTOB BBHICIIET0 YPOBHS HEOOXOAMMO, YTOOBI YCIEUIHO «paboTanu» OOBEKTHI
0oJjiee HU3KOT0O YPOBHS, HO HE HA00OPOT.
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Onnako ry1aBHas 3aja4a MpU 3TOM — BBIOpAaTh KOMIIOHEHTHI CUCTEMBI TaKUM 00pazoM,
9TOOBI Ka)XXJIOMYy U3 HUX ObljIa MPUCYIa OTHOCUTEIbHAS aBTOHOMHS, TO €CTh YTOOBI BHYTPCHHHE
CBA3M B TIpefeNiax KaXJOW TMOJCUCTEMbl OBUIM CHJIBHBIMH, a B3aUMOJICUCTBHUS MEXKIY
nojacucreMaMd — cliaObiMU. OOBIYHO pENIAIOIINM OKa3bIBa€TCSI TO OOCTOSITENIBCTBO, YTO
MOJICUCTEMBI, TOJJIEKAIINE PACCMOTPEHUIO, TOKHBI OBITh XOPOIIO U3yYEHBI U OMHCAHBI.

2.1.3 Pe3yabTaThl U BHIBOJBI:

I/I3yT-II/ITB OCHOBHBIC IMOHATHA U OTIPCACIICHUA

2.2 llpakTuyeckoe 3anaTue Ne2 (2 yaca).

Tema: «Du3nyecKHe, AaHAJOTOBbIE U MaTEeMATHYeCKHE MO/IeJIM 00bEeKTOB U MPOLECcCOB»

2.2.1 3ananue 1 padoThI:

1. Cratuueckue u JUHAMHUYCCKHUEC MOJACIIN

2.2.2 KpaTrkoe onucaHue npoBoAMMOro 3aHATHS:

CnenyromuM NPU3HAKOM, IO KOTOPOMY MOKHO pa3javdaTh MaTeMaTH4YECKHE MOJEIH,
SBIISICTCS CBA3b C (PAaKTOPOM BPEMEHH.

Cmamuueckas mooenb — 3TO MaremMaTHueckas (DYHKIMs, B KOTOPYIO HE BKJIIOYEHA
IepeMeHHas BpeMeHU. Bce 0co0eHHOCTH NOBENEHUS CUCTEMBI, MMEIOIIHME BBIPAKEHHYIO
3aBUCUMOCTb OT BPEMEHH, IPU 3TOM HUTHOPUPYIOT. A MOCKOJIBKY BC€ B MHpe OBbICTpPO JIH,
MEJIEHHO JIU, HO MEHSIETC, TO JII00ast craTndeckas MoJieb yciaoBHa. CTaTUUECKUMU MOJENISIMHU
MOJIB3YIOTCS, KOTJa B paMKax IMOCTaBICHHON 3aJjaul MHEPLHUOHHOCTHIO U "MaMATBHIO" peanbHOU
CHUCTEMBl MOJKHO IpeHeOpeub. ODTO BO3MOXKHO IpPU BBINOJIHEHMH psiia YCIOBHM, B YHUCIO
KOTOPBIX BXOJAT CIEAYIOLIHUE:

- CHUCTEMa yCTOMUYMBa, T.e. MEPEXOJHBIE IPOLECCHI I10CIIE CKAYKOOOPa3HOTr0 HW3MEHEHHUS
BXOJIOB 3aTyXaloT;

- BXO/IbI MEHSIOTCS MEIUJICHHO;

- BBIXO/IbI U3MEHSIOTCS PEAKO.

MaremaTtnueckas MOAEIb CUCTEMBI HA3bIBAETCSI OUHAMUYECKOU, ECIIN 3HAYEHHUE €€ BbIXOAa
y(t) MOXKeT 3aBUCETh OT BPEMEHHU t MPOTEKaHUs Mpolecca, €ro MpoIyoro s:

y(t) = F({u(s), s<t}). (L.1)

JluHamMu4eckre MOJEIH MO3BOJISAIOT YUECTh HAINYKE "aMATH", ”THEPLUOHHOCTU CUCTEMBI.
MareMaTHYECKUM armapaTroM OMHCAHUS JUHAMHYECKUX CUCTEM SIBIISIOTCS Tu(depeHaabHbIe,
Pa3HOCTHBIEC ypaBHEHUS, KOHEYHBIC aBTOMAThl, CIy4aiHble IIpoLEecChl. JJMHaAMUYECKuEe MOJENH,
UMEIOIME TPAKTHYECKYI0 II€HHOCTb, OOBIYHO CTpPOSTCA Ha OCHOBE JU(QepeHIHaTIbHBIX
YPaBHEHHUH, HE MOAJAIOMIMXCSA MPSIMOMY MHTETPUPOBAHUIO, U PEIICHUE UX HENB3s IOJYy4YUTh B
BUJIE MTPOCTHIX AHATUTHYECKUX BBIpaKEHUH. B 3TOM ciyyae npubOeraroT K YUCIEHHBIM METO/1aM
pelIeHH Ha KOMITBIOTEPE C MTOMOIIBIO CHEIMAIBHOI0 MPOrPAMMHOI0 00ECTIEUEHHUS.

Cucrema MOKET OBITb OUCKPEemHOU UIU HenpepviéHol IO BXOAAM, BBIXOJAaM M IIO
BpeMeHH. 1[I0 TMCKpeTHBIM MOHUMAETCSl KOHEYHOE WIIM CUETHOE MHOYKECTBO- OJIUH, [1Ba, TPU U
T.4. [lox HenpepbIBHBIM IMOHHMMAETCSI MHOKECTBO - OTPE30K, Jyd WIM IpsMas JIMHUA, T.€.
CBSI3HOE YHCIIOBOE€ MHOXKECTBO, KOJMYECTBO 3JIEMEHTOB KOTOPOI'O CTPEMUTCSI K OECKOHEUHOCTH.
Kax nmpaBuio, AUCKpETHOCTh BXOJa BII€YET 3a COOOM MUCKPETHOCThH BbIXOAa oOBbekTa. Kpome
TOTO, ISl CTAaTMYECKMX CHUCTEM MCUY€3aeT pa3HHULA MEXAY HENPEpPBIBHBIM M JUCKPETHBIM
BPEMEHEM.
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Cmewannvle MOJENW MOTYT COIEpXKaThb Kak (u3Myeckue, TaKk M CHMBOJIHMYECKHE
JJIEMEHTHI.

Omnupuueckue MOJIEIN OIUCBHIBAIOT CBS3M MEXIY [apaMeTpaMy 3JIEMEHTOB OIHOIO
ypoBHs. Pa3paboTuMk SMIMpHYECKOM MOJenu Bcerja OcTaeTcst B Ipesenax OJHOrO eIMH-
CTBEHHOI'O0 YPOBHSI OPTaHM3allMOHHOM HMEpPapXHH, I'Ie OH U CTPOUT YPABHEHHUs, CBA3BIBAIOLIUE
MEXIy COO0l mapamMeTpsl, CBOMCTBEHHBIE IOJICHCTEME TOJIBKO 1TaHHOTO YPOBHS.

DynkyuonanbHas MOIEIb OOBICHIET CBA3M MEXKIY IEMEHTaMU KaK OJHOTO YPOBHS
UEepapXuM, TaK M MEXIy pa3IMYHbBIMU YPOBHSAMH. Pa3paboTuuk (QyHKIMOHAIBHOM Monenu
CTPEMHUTCSl ONHUCaTh IIOBEIEHUE CUCTEMBI C (YyHIAMEHTAJIbHBIX MO3MLMH, 3aTparuBaroINX
OCHOBY paboThl 00BEKTA, YUUTHIBAIOIINX Hanbosee 00Iue 3aKOHOMEPHOCTH €r0 PadOTHI.

Bcerna MOXKHO THOCTPOUTH Takyl 3MIMPUYECKYIO MOJAENb, KOTOpas Oblia Obl coria-
COBaHa C MAacCHBOM OIBITHBIX JAHHBIX Jydlle, 4yeM (yHKIHOHaJIbHas, T.K. SMIUpUYEcKas
MOJIeNIb MPAKTUYECKH CBOOOJHA OT OTPAaHWYCHHUH, B TO BpeMs Kak BO3MOXHOCTH (DyHKIIH-
OHAJILHOM MOJENIN OrPAHWYMBAIOTCS IIOJOKEHHBIMH B €€ OCHOBY IOINYIUCHHUAMH, UACSIMH U
TUIIOTE3aMH.

2.2.3 Pe3yabTaThl U BHIBOJBI:

H3y‘-II/ITB (1)I/I3I/I‘ICCKI/IG, AHAJIOT'OBBIC U MAaTCMAaTUYCCKUEC MOACIIN 00BEKTOB H IMponeccoB

2.3 [IpakTuyeckoe 3ansaTue Ne3-4 (4 yaca).

Tema: «MaremaTu4ecKkue MOAeJN HAEKHOCTH CUCTEM 00CTYKMBAHUS CEJIbCKOI0
X0351iicTBa)»

2.3.1 3aganue njs1 padoThI:
1. AnmpokcuManus UCXOAHBIX TaHHBIX: HHTEPIOJSALUS, PErpeccusi, CriakKuBaHue ¢
bunpTpamnuei

2. @yHKIUYU pocTa

2.3.2 Kparkoe onucaHue nmpoBoAMMOro 3aHATHUS:

Annpoxcumayusi ucxooOHvlx O0aHHbIX- CIIOCOO MPEACTABICHUS JAHHBIX B BHUAEC TOW WU
UHOU 3aBrcuMOCTH. 11 GoJiee A PEKTUBHOTO NMEPBOHAYAIBHOTO aHAJIN3a SKCIIEPHUMEHTATLHOM
uH(pOpMaIlK COYETaHUE JABYX BEIUYHH MPEACTABISIOT HA rpaduKe B BUAC TOYCK X; Vi (MMeeT
MECTO TAaK)Ke ¥ MHOTOMEpHasl almpoKCUMaIus ). Bo3MOXHBI cleyromuye BUIbI apPOKCUMAIINN:

- uHmepnonsyus, KOTJa amlmpOKCUMUpYIOMmas (QYHKIHS TOJDKHA MPONUTH Yepe3 Bce
IKCIEPUMEHTAIBHBIC TOUKH;

- pecpeccus, KOTJa anmpoKCUMHUpYomas (QYHKIHS YCPETHSET SKCIePUMEHTAIbHBIC
JAHHBIE, IPOXOUT BOJIM3H HUX;

- cenascueanue ¢ ¢urvmpayuel, Korga (QYHKIHS HE YYUTHIBACT BHIOPOCHI, IIYMBI,
ciydaiiHble TaHHBIE U apTe(aKTHI.

[Ipu wHTEpHONSIIMH Yepe3 SKCICPUMEHTAIBHBIC TOYKH TIPOBOMSATCS KpPHUBBIC Pa3HOM
CTETICHU TJIaJIKOCTH, Pa3HOW CTETICHH MPHOIMKEHHUS K JaHHBIM. [Ipu TMHEHHON WHTEPIOISAINH
anmnpoKcUMHUpyomas (QYHKIUS COSAUHSET COCEIHUE SKCIICPHUMEHTAIBHBIE TOYKH OTPE3KaMHU
NPSMBIX JIMHUH. HTEPIOISINIO OCYIIECTBISIOT B PYHKIIUU OJJHON U 00JIiee TepEeMEHHBIX.
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Kybuueckas CHAQUH-UHMEPNONAYUSL COEUHSET HECKOJIBKO COCETHHUX
SKCHEPUMEHTAIBHBIX TOYEK TIJIaJKON KpHBOW, MepBas M BTOpass MPOU3BOJHBIE KOTOpPOMl B
KaXJI0M TOUKE HETPEPHIBHBI.

Oxkempanonayus — O3TO UHTEPHOJALMA 32 I[peneJaMyd  3aJaHHOrO0  MHTepBalia
HKCIIEPUMEHTANIbHBIX TOYEK, IPeIcKa3aHne 3HAUCHUH TT0 UMEIOITUMCS JaHHBIM.

Ilpedocmasnenue 0anuvix 8 8ude 8peMeHHbIX psi00é. BpeMeHHBIE Psbl, PAIbl JUHAMUKH,
XapaKTepU3YIOT U3MEHEHHE TOTO WJIM WHOTO IOKa3aTels BO BPEMCHH, BPEMEHHOUW (YHKITHH.
BpeMeHHOl psii MOTYT COCTaBIIATh KaK OTAENIbHBIC YHCIIA, TAK U BEKTOPa U MaTPHUIbI.

B kaxaoMm psgy uMeercs JBa OCHOBHBIX DJJIEMEHTA: IIOKa3aTelb BpPEMEHHM t U
COOTBETCTBYIOIIMA €My YpPOBEHb pa3BUTHS u3ydaeMoro sBieHus Y=f(t). OCHOBHBIM
noKaszaTesieM [JIsl TIOJIYYeHHs MPABWJIbHBIX BBIBOJIOB MPHU aHAIMU3E PSIOB JTUHAMUKH SIBISETCS
COMNOCTAaBUMOCTb €T0 3JIEMEHTOB.

Psaner popmupyrorcst npu 06paboTKe pe3ysnbTaToB HAONMIONCHHN (apryMeHT X B TaOiuie
2.1. — Bpems t). 3HaueHUs OJHOUMEHHBIX IIOKa3aTelell MOBTOPSIOMIUXCS BO BpPEMEHU
pacrojararorcsi B XPOHOJOTHMYECKOW IMOCIEAOBAaTENbHOCTH. KaXaplil psia  OXBaThIBAET
OTJEJIbHBIE MEPUOJBl BPEMEHH, B KOTOpPHIE MOTYT NPOUCXOIUTHh W3MEHEHUs, MPUBOJAIINE K
HECOTIOCTABUMOCTH C JAaHHBIMH JpYyrux nepuoaoB. Cpeaud MNpUYMH, NOPUBOIAIIUX K
HECOMOCTABUMOCTH, MOYKHO Ha3BaTh CIEAYIOIIHE:

- OIMOKHU B MOKa3aHUAX UHTEPBAJIOB BPEMEHH;

- HEOJJHOPOJHOCTh U3y4aeMOro SIBJICHUS] BO BPEMEHU, U3MEHEHHS B METOIMKAX YUeTa;

- MPUMEHEHHUE PA3IMYHbBIX €IUHULl U3MEPEHUS U T.]I.

[Tpu u3ydeHuH BpeMEHHBIX PAIOB HCIOIb3YIOT MOHSATUE MPEHOd.

Tpeno- 3TO TEHIEHIWS WU3MEHEHUs BBIXOAHOW BETUYMHBI BO BPEMEHH I0J JIEWCTBHEM
BXOJHBIX (DaKTOPOB, €€ YCpPEOIHEHHOE COCTOSHHE 3a OINpEACNICHHBI MPOMEKYTOK BPEMEHHU.
N3yuenue TpeHma - Ba)KHOE HAIpaBlIE€HUE B HCCICJOBAaHUM HANEKHOCTH TEXHUYECKUX H
OHMOJOTHYECKHX , COUATBHO-OKOHOMUYECKHX, IeMOrpa@ruecKuX U IKOJIOTUYECKUX MPOIECCOB,
OCYIIECTBISIEMOE IyTEM IPUMEHEHHUS CIEHUATBbHBIX METOJIOB aHali3a BPEMEHHBIX PSIOB.
[ToctositHHO nelcTByIOmME (QaKTOPhl UMEIOT OINpeAessioniee 3HaueHHe U (GOPMUPYIOT TPEHI.
[Meproguueckn nelcTByromue (GaKTOPhl BBI3BIBAIOT MOBTOPSIONINECS KOJICOAHWS YpPOBHEU
psanoB. [leiictBue pa3oBbIX (AKTOPOB BBHI3BIBACT CIy4yallHble W3MEHEHHS YPOBHEH psI0OB
JTUHAMUKHU.

AlIleOKCI/IMaIII/Iﬂ JAHHBbIX (l)yHKIII/IOHaJIbH])IMI/I 3aBUCHMOCTAMHU

JlBe ciydvaiinple BenuyuHBI X W Y  CBSI3aHBI (DYHKIMOHAJIBHOW 3aBUCHUMOCTBIO, €CIIH
cymecTByeT Takas yucioBas GpyHkuus £, uro Y=f (X). Ecniu X 1 Y HE3aBUCUMBI, TO YCIOBHbBIC
3aKOHBI paCIpeleeHUs]  CIy4yalHOM BeJIMYMHBI Y [0 OTHOUIEHHWIO X HE MEHSEeTCid B
3aBUCUMOCTH OT X.

IIpu craTucTUUeCcKON 3aBUCHUMOCTH CIYyYalHBIX BEIWYMH HW3MECHEHUE 3HAYEHUS OJHOU
BEJIMYMHBI BJI€UeT 3a cOo0ON u3MeHeHue pacmpeneneHus apyroi. Ilokaszarerem creneHu
CTATUCTUYECKON 3aBUCUMOCTH SIBJISIETCSI KOPPEIALIMOHHOE OTHOLIIEHUE

Cywy = [D(Y/X)/ D(Y)]*°, (2.16)

rae D(Y/X) - nmucnepcuss BBHIXOOHOW BENHYUHBI Y  TNPU H3MEHCHHH DPETYIUPYEMOW
nepeMeHHOl X W TOCTOSIHHBIX HEperyaupyeMbix mnepeMeHHbIX, D(Y)- momnHas mucmnepcus
BBEIXOJHOM BEJIUYUHEI Y.

Koppensuuonnoe otHomenue Haxomurca B mpeaenax 0 <= Cyy <= 1. Jna
(YHKIIMOHAIBHOM 3aBUCHMMOCTH HEOOXOAMMO M J0ocTaroyHo, uyTo OBl Cyy=1. Uem Ommxe
KOPpEJSIIIHOHHOE OTHOLIEHHWE K €IUWHUIE, TeM OJIKe CTaTUCTHYecKas 3aBUCUMOCTh K
(yHKIIMOHAJIbHON 3aBUCUMOCTH U 00OpaTHO.

[Tpenmonoxum, 4To B HEKOTOpOE HAOII0JeHHE

y=F(ay, az, ..., ap, X) (2.17.)
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BXOJIT HEWU3BECTHBIE IapaMeTphl aj, a2, ..., a,. llpoJienaH psa 3KCIEPUMEHTOB U
MOJIyYeHO N OMNBITHBIX JAaHHBIX (X; , Vyi) C IENbI0 YCTAaHOBJICHMS 3HAYCHHH MapaMeTpoB.
Bo3HukaeTr Bompoc, Kak BbIOpaTh IapaMeTpbl 3aKOHA TaK, YTOOBI Pe3yJbTaThl SKCIIEPUMEHTA
COOTBETCTBOBAJIM €My HAWIYy4IIUM 00pa3oM. Kak mpaBuio, pemienue Bompoca o nmoadope
apaMeTpOB OCHOBAHO HAa METOJE€ HAaUMEHBIINX KBaJpaTOB, KOTOPHII B TAHHOM CJIy4ae COCTOUT
B HaX0KJICHUH MUHHUMYMa BbIpa)KEHUS

n

0.5*Y [ F(ay, as,...,an, Xi, yi]zi_1 (2.18)

10 BCEM BO3MOJKHBIM 3HAYEHUSM aj, a7,...,3,. JlONOIHUTENBHO MOTYT OBITh OCTABICHBI
OTpaHMYEHUS Ha MapaMETPhl, HAIIPUMEP Ha UX BEIMUUHY UM COYETAHUS.

bonee mpocTeIM MeTONOM sBIS€TCs METOA BbIOpaHHBIX Todek. Ha KoopauHaTHYIO
IUIOCKOCTh X y HAHOCAT OKCHEPUMEHTAJbHBIC MAaHHBIE M TPOBOJAT 4Yepe3 HUX (QYHKLIHUIO
annpokcuManuu. [lamee ompenensoT BUJ 3TOH  (YHKLIMH, HAapuUMep, B COOTBETCTBHM C
TaOJINLEN 7IEMEHTApHBIX SMIMPUUYECKUX 3aBUCUMOCTEH, Ta0n.2.2. [locne Toro kak BeIOpaH BUJ
(GYHKLIUU aNpoKCUMAlUK, OCYIIECTBIAETCS IEpexol] K  ONpEeNIeHHI0 HaWIydlluX ee
napamMeTpoB. B maHHOM MeToze Mo 4YMCIy MapaMeTpoB BHIOpaHHOW (YHKLIHU BBIOMPAIOT h
TOYEK SKCIEPUMEHTAIBHBIX JaHHBIX 110 BO3MOXXKHOCTH PaBHOMEPHO pPacIOIOKEHHBIE BOKPYT
Hee. [lapameTpsl ay, as,...,a, ONPEIEISIIOT U3 CUCTEMBI anredpanueckux ypaBHeHui (2.1):

yi1=F(ai, as,...,a,, X1)

yo=F(aj, as,...,a,, X2)

ynzF(ala 329 v 7ana Xn)'
Paccesnue PE3YJIbTATOB Ha6J’IIOI[€HI/II71 BOJIM3U YpaBHCHUA aAlllIPOKCUMAIIUH MOKHO
OIICHUTH C TTOMOIIBIO OCTATOYHON JUCTIEPCUH (IUCIIEPCUU aJICKBATHOCTH):

S'u=Soa= U - * T (vi- X * %)%, (2.20)
1= )=
rze l- yncino napamMeTpoB ypaBHEHHS.
CreneHp aIeKBaTHOCTH HOqueHHOfI MOZCIIN OCHUBACTCS 110 KPUTCPUTO CDI/II_Hepa
F=S/S%e (2:21)

n
rae 82y = 1/(n-1) *> (yi- ycp)2 — IUCTIEPCHS] Y OTHOCUTEIBHO CPEJIHErO 3HAYECHUS Yep.
i=1

Kpurepnii F noka3ssiBaer, BO CKOJIBKO pa3 pacCesiHUE y; OTHOCUTEIBHO CPEIHErO 3HAYCHUS
00bIIIE OTHOCUTEJIBHOTO PACCEsIHUA BOKPYT IMOJYYEHHOIO ypaBHEHMs ammnpokcuManuu. Yem
Oosblle  3HAUEHHE  KpPUTEpUs, TEM I[IOJIY4YEHHOE  YpaBHEHHME JIydllle  OIMCBIBAET
JKCIIEPUMEHTAIIbHBIE JaHHbIE- CTENIEHb aJIcKBaTHOCTH BBILIE.

OneHka JOCTOBEPHOCTH MOJYUYEHHOW MOJIENIN OCYIIECTBIISIETCS CPAaBHEHUEM PacUUTaHHOU
BeJIMUUHBI Kputepus F ¢ ero TabnnuHbiM 3HaueHUEM Fp, ONIpeneIeHHBIM IS 3aJaHHOTO YPOBHS
3HAUYUMOCTH 0O, B CTENeHeH cBoOObI Vi = n-1 u v, = n-1. YpoBens 3Haunmoctu o = 0.88...0.88
ONpeAcsieT BEPOSTHOCTb, € KOTOPOM  MOXHO CYHMTaTh JIOCTOBEPHOW  IPHHATYIO
aNMPOKCUMHUPYIOIIYIO 3aBUCHMOCTH ITPH UMEIOIIEMCS YMCIIE OIBITOB N M MapaMeTpoB 1.

ITpu F < Fp, pe3ynbTar anmpoKCUMalMy CYUTACTCA 3HAYMMBIM M HalJICHHBIC ITapaMETPhI
IPUHUMAIOTCS. B NpOTHBHOM ciyyae pe3yiabTaT HE NPUHUMAETCS, CUMUTAETCS, YTO JaHHOE
ypaBHEHHE He aJIeKBaTHO ONUCBIBAET 3KCIIEPUMEHTANIbHBIE JaHHbIE. B 3TOM ciiydyae He06X0auMo
YBEJIMUUBATh YUCIIO 3KCIIEPUMEHTOB, CHM)KAaTh YPOBEHb JOCTOBEPHOCTU (€CIM 3TO BO3MOXKHO)
WJIM TOMEHSTH BUJL allIPOKCUMHUPYIOLIErO YPAaBHEHUS.

Br160op anmpokcHMUPYIOIIEro YpaBHEHUS TOJDKEH MPOU3BOIAUTHCS C yUETOM (DU3HUECKUX
3aKOHOB, ONpEIEIIOIINX TE4YEeHHE Ipolecca, T.€. BCErga CJIENAyeT CTPEMHTbCA K
bynkunonanbHONH Moxenu. Eciam m3 (U3MYECKOro CMBICIAa NEepeMEHHbIE CBS3aHBI JIMHEHHON
3aBHCHUMOCTBIO, TO HE CJIEyeT IPOU3BOAUTD allIPOKCUMALIUIO IIOJITMHOMOM BTOPOM CTENEHH- 3TO
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IPUBENET JMIIb K HMCKaXEHHMIO MOJENM, CHIXKEHHIO ee aaekBaTHoctu. Cnexyer uzberartsb
UCIIOJIb30BAaHUS IIOJIMHOMOB, 3aBUCHUMOCTEH Oousiplioro mnopsiaka (6onee 4), Tak Kak OHHU
ONHKCBHIBAIOT OoJiee BBICOKME KOJeOaHMs, CBS3aHHbIE C OIMOKaMHu, apredakTaMH WIA HE
YUUTBIBAEMBIMH LITyMaMU (HEYIPaBIsieMbIMU IIEPEMEHHBIMN).

OKcnoneHyuanibHvle NOAUHOMbL. Y paBHEHUS 3TOTO Kjlacca 3alliChIBAlOTCS B BUE

W =exp(apt’ +ar t' +art?+ast’+...), (2.22)

rze ao, aj ,... — IMOCTOSHHBIE KOO HUIECHTHI.

ITocne norapudmupoBanus BelpaskeHue (2.22) IpUHUMAET BUJ

InW = a, t +a, ! +a2t2 +a3t3 +....(2.23)

[Tocne BbIYMCIEHUS MPOM3BOAHONW OT mocieAHel (YHKIMH 3aBUCHMOCTh (2.22) MOXeT
OBITH Mpe/ICTaBlICHA B BUJIC

(I/W)*dW/dt=a, +2a,t' +3a3t’+....(2.24)

DKcrepuMeHTaIbHbIE JTaHHBIC, AaNMpPOKCUMUPYEMbIE ASKCHOHEHIHATBHBIM MOJTUHOMOM,
MOXHO 00paboTaThb Ha KOMIIBIOTEPE CTATUCTHUECKUM MeTogamMHu. B pesymbrate Oynyr
paccuuTaHbl KOX(QQHUIMEHTH a; MOJUHOMHUHAJIBHOTO YypaBHEHHA. B mpakTHke OOBIYHO
OTPaHUYMBAIOTCSA 2-0U WU 3-ei CTeneHsIMHU MOJIMHOMA.

Annomempuueckue 3asucumocmu. Ilpennonoxum, utro P u Q — HekoTopsle CcBONCTBa
opranusMa (HaOJroJlaeMble KOJMYECTBEHHbIE XapaKTepUCTUKN): HarpuMep, P u Q Moryr ObITh
MaccaM¥ pa3IMYHBIX KOHEYHOCTEH )KMBOTHOTO MM P MO’KeT 3a/1aBaTh CyXylo Maccy pacTeHus, a
Q — mIomags NOBEPXHOCTHU €ro JHcTheB. [IocKoNbKy OpraHu3M pacTeT M pa3BUBaercs, To U P,
u Q OynyT U3MEHATHCS C TEUEHUEM BPEMEHH, TO €CTh

P=P(t) u Q=0Q(t). (2.25)

Cumraercs, yto P w Q amroMeTpuyeckd 3aBUCHMBI, €CIH OHH YIOBJIECTBOPSIOT
AIJIOMETPUYECKOMY YPaBHEHHUIO

P=a* Q°, (2.26)

r7ic a U b — NMOCTOSTHHBIC KOA(DPHUITUEHTHI.

P u Q u3MeHs10TCS BO BpEMEHM TakUM 00pa3oM, YTO COOTHOUIEHHE (2.26) coxpaHseT
CIpaBeAJIMBOCT, Ha BCEM MHTEpBaje HaOIIOAEHUS.

DYyHKIUMN POCTa

Hpyrum BugoM (yHKUIUH, MIMPOKO HCHOIB3YEMBIX B JeMOrpauuecKux, METUIIUHCKUX,
arpOHOMUYECKUX H OHOJIOTUYECKUX HCCICIOBAHUSAK, CBSI3aHHBIX C POCTOM, JHHAMHKOU
pa3BUTHUS pAacTEHUH, >KMBOTHBIX, YEJIOBEKAa U HMX MOMYJSIUHN, SABISIOTCA «@DYHKYuu pocmay,
0003HaYaOIINE HEKOTOPYIO aHATUTUYECCKYIO0 (DYHKIIUIO 3aBUCUMOCTH BEIHYUHBI W OT BPEeMEHHU
t : W = f(t). Hasznauenue ¢yHkiuii pocta — CBA3aTh BpEMEHHBIE PSAbI TAaHHBIX, OTHOCSIIUXCS K
pOCTy OpraHm3Ma WIH €ro 4YacTH, B paMKax eIUHOr0 MAaTeMaTHYECKOTO BBIPAKCHHUS.
[TpenmouTuTeNbHO TMOCTPOUTH TaKyl (QYHKIMIO, KOTOpas OTJiHyYaiach OBl OIpeneleHHBIM
OMOJIOTUYECKNM,  TEXHOJIOTHUYECKUM  WIU  (DU3HYECKHM mpaBaonogooneM |
UHTEPIPETUPYEMOCTBIO MTapaMeTpoB, TO €CTh OTOOpakana Obl Jiexalllie B OCHOBE HU3y4aeMOTo
nporecca (GpU3NOIIOTUYECKUE WIH OMOXMMHUYECKHE MEXaHW3Mbl U OTPAaHWUYCHUS, T.e. ObUIa OB
(G YHKIIMOHATBHOM.

OOBIYHO AMHAMHUKY TPOIIECCa POCTa OMUCHIBAIOT MU PepeHITMAEHEIM YpaBHEHHEM

dW/dt = g(t), rme g(t) = df/dt (2.27)

WIH, €CIM WCKJIIOYHUTh MPOMEXYTOYHBIC TIEpEMEHHBIC, B BHUJE meMna pocma - MPUPAIICHUs,
HaIpUMep, MacChl N 00beMa B EAMHHILY BpEMEHH

dW/dt = h(W), (2.27a)

rae h- Hekotopas GyHKIuI.

DT0 ypaBHEHHE €CTh 3aBHCHUMOCTH Temma pocta dW/dt ot cocrosiHUsS 00beKTa (pacTeHHs,
KUBOTHOT'O U T.1.), TJIe B Ka4eCTBE IEPEMEHHON COCTOSHUS BBICTYNAeT nepeMeHHas W.

B HEKOTOpBIX cllydasx HUCHONB3YIOT (opMy, TZle B Ka4yecTBE OIHOIO W3 MapaMeTpoB
SBIISIETCS BpeMsI
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dW/dt =u(W,t), (2.28)
r7ie U ecTh HeKoTopas GyHKIus oT W u t.
Jlyis Gojee TOTHOTO OMHUCAHUS TUHAMHUKU TPOIecca UCIOIB3YIOT OTHOCHTEIBHBIA TEMIT

pocta
(1/W)*dW/dt, (2.29)

HOKa3I>IBaIOH_[I/II71 TEMII POCTa OTHOCHUTCIIBHO PISMCHHIOH.[CIZCH BeIWYUHBI W B I[aHHBIﬁ MOMCHT

BPEMEHH.

Jlns  anmpokcuMaiMyd  BPEMEHHBIX PSAJOB  pOCTa C IEJIbi0  Oojiee  HarJIsIHOTO
MPEACTABICHUS U MaTeMaTH4YeCKO 00pabOTKHU MPUMEHSIETCS MOy - JiorapupMuyeckas 1Kaa.
B sTrom ciyuyae kpuBasi CIOKHOW (OPMBI MOKET NMpeoOpa3oBaTh CBOW BUJ M YTPaTHTh CBOIO
NEepPBOHAYANILHYIO CHeHPUKY. PaccMOTpUM TPHHIMITBI CO3/IaHUS MATEeMATHYECKUX MOJelen
GYHKIMA pocTa HA HECKOJIBKUX TIPUMEPAX.

[TycTp cymecTByeT H30JIMpOBaHHAS CUCTEMA C ABYMSI KOMIIOHEHTAMH - HET HU BXOJIOB, HU
BBIXOJ0B, puc.2.7.

[lepBbIii KOMIIOHEHT -cyOcTpaT S SBISIETCS HCTOYHHKOM JUIsi BTOPOTO KOMIIOHEHTA-
cyxoro BemectBa W (cymka matepuaia, pocT pacteHus) . [Ipeamonaraercs, 4To B mpoliecce
npeoOpa3oBaHKe NMEPBOI0 KOMIIOHEHTA S B MaTepuall BTOPOro kKomMmnoHeHta W noTepb HeT.

CyGeTpar 5 Cyxoe

Poct BeWecTES W

Puc.2.7. 3amkHyTast IByXKOMIIOHEHTHAs! MOJIENIb POCTA.

PaznuuHble MPEennoioKeHUss OTHOCUTEIBHO 3aBHCHMOCTH CKOPOCTH Tporiecca (Temra
pocta) or W ©u S mpHBOIAT K Pa3IUYHBIM MAaTEMaTUYECKHUM MOJCISM. OTH ypaBHEHUs
BBIBOJSITCS. HA OCHOBE aHayM3a 0oJiee MPOCTBIX MoJeNeld — OOBIYHO MYTEM WHTET-PUPOBAHHS
muddepeHIMaTb,HOTO YpaBHEHHs. Takod TOIX0J OO0JIer4aeT WHTEPIPETANHIO IapaMeTpoB
3aBUCUMOCTEH THIIA «CyXasi Macca — BPEMSI».

Ecnu momyctuTh, 9TO Ha paccMaTpUBaeMOM OTpPE3Ke BPEMEHHU CHCTEMa MOTePh HE UMEET-
HE TMoJlydyaeT W3 BHEIIHEH cpeasl M HE TepseT HHUKAKOro Marepuaia, TO CIpPaBeIIUBBI
cnenyromue audhepeHnnanbHble ypaBHEHUS

dW/dt = - dS/dt;

dW/dt + dS/dt=d(W+S) =0, (2.30)
TaK 4TO
W+ S =const=Wj+ So=W;+S;=C, (2.31)
rne Wo u Sp- HCXOIHBIC 3HAYCHHS CcyXxoro BemiectBa W U cyOcTpata S B MOMEHT

BpemeHH t = 0;
Wi u S¢ — 3HaueHHMs] K KOTOPBIM INPHOIMKAIOTCS 3THU MapaMeTpbl IpuU t —>o, B
JOMYLIEHUH, YTO CUCTEMA CO BPEMEHEM IIPUXOJUT B YCTOMYUBOE COCTOSHUE;

C- mocrosiHHas BEJIMYMHA — 3TO COCTOSIHME KOTOpPOE€ NMPHOOpETaeT CUCTEMa 4epes
OIpeICNICHHBIM MPOMEKYTOK BPEMEHU- KOJIMYECTBO CyOCTpaTra S CTAHOBUTCS PaBHBIM HYIIO U
BECh OH Ipeodpazyercs B cyxoe Beuiectso W.

[epBoe u3 ypaBHenwuii (2.60) moka3bpIBaeT, 4TO TEMIT pocTa cyxoro BemecTBa dW/dt
paBeH OTpHUILATEIbHOMY TEMITy pocTa cyocTpara - dS/dt, a Bropoe - 00muii TeMIT pOCTa CUCTEMBI
paBty Hym0. B utore mocie n1octaTouHOro INpoMeKyTKa BPEMEHHM Bech CcyOcTpar mepeizier B
CyXO€ BELIECTBO, & UX CYMMApHOE KOJIMYECTBO HE U3BMEHUTCS U OCTAHETCSI INEPBOHAYAIBHBIM.
Temm pocTa MOXXHO IIPEJCTaBUThH B BUJE HEKOTOPOU (DYHKIIUH V, 3aBUCSIICH OT TEKYIIHX
3Ha4YeHu# cyOcTpaTa U CyXoro BeIlecTBa, TAKOH, 4To
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dW/dt =v (W,S). (2.32)

U3 ypaBuenus (2.31) caenyer, uto S = C- W, Toraa ypaBHenue (2.32) MOXKHO 3alucarh B
BUJIC

dW/dt=v (W, C - W) =h(W), (2.33)

rne h — pysxnus oxHoit nepemeHHoi W.

TakuM o00pa3oM MaTeMaTHyecKOil MOJAENBI0 CHUCTEMbI, H300pakeHHOW Ha puc.2.7.
SABIISICTCS MOJIENb ¢ OAHOM nmepeMeHHoi. OcTaeTcs pemnTh Kakylo (GYHKIHIO V HCHOJIb30BATh B
ypaBHeHUU (2.63). BriBogsl mo Buay (QyHKIMH vV OyIOyT 3aBHCETh OT XapakTepa Ipolecca,
IPOUCXOSIIETO B CUCTEME.

lIpocmou skcnonenyuanvuovil pocm. JIjisi cUCTEMbl Ha PUCYHKE 2.7. TIpUMEM HEKOTOpPHIE
JOTIyIIeHUs (OTpaHUUYEHUS, YCIOBUSA):

- TEMII POCTa MPOMOPIIMOHATHHO KOJIHUYECTBY CyX0i Macchl W;

- MEXaHM3M pocTa «paboTaeTy ¢ MaKCUMAaJIbHBIM TEMIIOM Ha MPOTSHKEHUHN BCETO BPEMEHH,
MOKA CYIIECTBYET MUTATEIbHAs Cpena;

- Ipoluecc  pocTa HeoOpaTuM M TpeKpamaercs, Kak TOJbKO HCTOIIACTCS
nuTaTeNnbHas cpefa.

VYpauenue (2.33) npuoOpeTaeT BUI

dW/dt = p*W, (2.34)

IZie |- mapaMeTp OTHOCUTENBHOTO TEMIIa POCTa.

[TapameTp |L 3aBUCHUT, BO-TIEPBBIX, OT BHJa CyXodW Macchl W , COOTBETCTBYIOIIECH B
3aJJaHHOM MPOMOPIIMH PECypCy MHUTATEILHOW Cpeabl, U, BO-BTOPBIX, OT MPOU3BOIUTEIHLHOCTH
WM CKOPOCTH C KOTOPOHM OCYILECTBISETCs mpolecc pocta. MHTerpupoBanue ypaBHeHus (2.64)
JTa€T U3MEHEHHE MAcChl BO BPEMEHH t:

W=W,*e " mpu0<=t<=tg; (2.35)
W = Wg¢, npu t>ts

Korma W =W¢, aS =0, o u3 ypaBaenus (2.31) caenyer

We = Wy +Sp (2.36)

U POCT BHE3AITHO MPEKPAIAETCsI, KOT/Ia MCUE3HET PECypC MUTATEIbHON Cpelbl S

tr = {IH[WO + S() /WO]}/ n. (237)

[Ipoctoil sKkcnOHEHIMANbHBI poct W = Wo*eH™ , 0e3 orpaHWYeHHil pecypcoM
NUTATENBbHOM cpeabl S, MpuBeAeH Ha puc.2.8.- 3aBucuMocTs WP=(t).

Ypasuenue pocma Puuapoca. PaccMOTpeHHas BBILIE MOJIETh HKCIIOHEHIIMATBFHOTO POCTa
sBIEeTCS Hauboylee TPOCTOM B CMBICIE MaTeMaTUYECKOro ONHMCaHMs Ipouecca. B
NEHCTBUTENBHOCTH MPOMCXOMAAT MPOIIECCHl, ONUChIBaeMble OoJiee CIOXKHBIMH (YHKIUS-MH.
OpnHoit u3 Takux (GyHKIMA sBsiercs pynkuus Pudaprca, puc.2.8.

dW/dt = k*W*(W¢" - W" )/ n*W¢" (2.38)

WM TIOCIIe MHTETPUPOBAHUS

W =[WpW¢] /[ W, + (an -Wy n)* e'kt I/n (2.39)

rae k, n, Wy - mocrosinable BennuuHbl; k, Wy - MOJ0KUTEIBHEL, a n >= -1,

[Tpu n < -1 ypaBHeHHE TepsieT PUINYECKUN CMBICI, JEMOHCTPUPYS Tpu W — o0

O0eckoHeuHbIl pocT. IIpu onmpeneneHHbIX 3HAYEHUAX TOMOJHUTEIBHOIO IMapaMeTpa N OHO
oOpamiaercss B OIHO W3 Hauboiee HM3BECTHBIX YypaBHEHHI pocta, puc.2.8: WM(t)- MoHo-
MouekyispHoe (n = -1), WL(t)- noructuueckoe (n = 1) u WG(t)- F'omneptna (n = 0).

Monomonekynapnoe ypasHenue. DTO ypaBHEHHE OIUCHIBAET, HAlpUMeEp, XOJ MPOCTOMH
HeoOpaTUMOM XMMHUYECKOM peakluu IepBOro nopsaka, puc.2.8..

[TpunsTHIE TOTMYLICHHUS:

- KOJIMYECTBO SHEPTUH POCTa HEM3MEHHO U HE 3aBHCHT OT KOJIMYECTBA CyXoil Maccsl W;

- MEXaHH3M pocTa paboTaeT» CO CKOPOCTHIO, MPOMOPLUUOHAIBEHON pecypcy MUTATeIbHOU
cpensl S;

- poCcT HEOOpaTHM.
B nannom ciyuae Bmecto ypaBHeHui (2.38, 2.39) umeem
dW/dt =k *(W¢ - W), (2.40)
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HJIN I10CJIC HHEerHpOBaHHH
W =W; - Wy *e ¥, (2.41)

DD 0.10.20.3 D.50.‘60.‘?D.‘80.‘9 1I 1.‘1 I 1.‘31.‘41.‘51.‘61.‘71.‘8 ' 2I 2.‘12.‘22.‘32.‘42.‘52.‘6 I 2.‘82.‘9 3I 3.‘13.‘23.‘3 I 3.‘53.‘63.‘?3.‘83.‘9 ‘; 4.‘1 ' 4.‘34.‘44.‘54.‘64.‘?4.‘8 I 5I 'tI
Puc.2.8. ®ynkuuu pocra:
WP- skcnonennuaneHas; 2. WM- moHomonekynspHoe (n = -1); 3. WL-
noructuueckoe (n = 1); 4. G- T'ommepria (n = 0); 5. Q- amromerpuyeckas 1; 6. P-
ajyioMeTpuyieckas 2.

Temn pocta HEMPEPHIBHO MMa1a€T, KPUBas HE UMEET TOUKHU neperuoa.

VYpasnenue nocucmuuecxoco pocma. Ilpu BbBIBOJE YypaBHEHMs JOTHMCTHUECKOTO pOCTa
JienaeTcsl IBOSIKOE IO yIICHHE:!

- SHEprus pocTa MPONOopIHOHaIbHA cyXoi Macce W;

- MEXaHU3M pOCTa «pabOTaeT» CO CKOPOCTHIO, MPONOPLHUOHATIBLHON pecypcy MUTAaTEeIbHON
cpens S;

- IPOIECC POCTa HEOOPATUM.

YpaBHEHHE JTOTUCTUYECKOTO POCTa UMEET BUJ, pUC.2.8.
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dW/dt = kK*WH*S, (2.42)
WJIU TI0CJI€ UHTErPUPOBAHUS

W = [WeW: /[ Wo + (Wi - Wo)* e, (2.43)

AHanu3 m000ro U3 IBYX MOCIEIHUX BhIpaKEHHUH Moka3biBaeT, uto nmpu Wy << W s
Majbix 3HaueHuWd t (moacranoBka Wy = O B 3HameHaTeNb) CHPaBEUIMBO MPUOIHKEHHOE
PaBEHCTBO

W= Wy * ™™, (2.44)

Qyuxyus pocma 'omnepmya. YpaBHeHHe |'oMmnepTiia BBIBOJST, UCXOAA U3 CHEAYIOIMINX
JonyuieHui, puc.2.8.:

- pecypc NUTATENbHOM Cpellbl HE OTPaHWYEH, TaK YTO C ITOM CTOPOHBI SHEPIHs PoOCTa
BIIMSIHUSI HE UCTIBITHIBACT;

- DHEprusi pocTta NpOMopIUOHaNbHA cyXoi Macce W, mpuyeMm Kod(hdULIHEHT mpo-
HNOPIIMOHATIFHOCTH  €CTh BEIMYMHA MOCTOSIHHAS: 3(p(QEeKTHBHOCTH PHEPTUU pOCTa IMAgaeT CO
BpeMEHEM, TMpUYEM CHajJ JTOT MpelICTaBiIsieT coOOW IUHAMHUKY TIEepBOTO TMOpsAaKa U
COOTBETCTBEHHO HOCHUT JKCIOHEHLHMAJIbHBIA XapakTep. IIpuumHOM cnaga MOMXKET CIyKUTh
nerpaaanus (B 4aCTHOCTH, paclleruieHne epMeHTOB), CTapeHUe MO0 pa3BUTHE U YCIOKHEHUE
opranusma. K ypaBHenuto ['ommepTia NpuBOAAT pa3ivuHble KOMOMHAIMM JOMYILIEHUH.
dopmanuzanus NepeuncICHHbIX BbIIIE YCIOBUN MIPUBOAUT K BBIPAKEHUIO

dW/dt=p * W, (2.45)
rJie mapaMerp | , TO €CTh YJENbHBIM TEMII POCTa, YK€ HE SBISAETCA MOCTOSIHHOM BEJIMUMHOM, a
U3MEHSETCS 110 3aKOHY

du =-D *pu, (2.46)

rae D — nonosiHUTENbHBIN TapaMeTp, XapakKTEPU3 YOI YMEHBIICHUE [ .

[Tyrem mpeoOpa3oBaHUll MOKHO MOJY4YUTh ypaBHeHHe [‘oMrepTia B ero KJacCH4ecKOou
dbopme

dW/dt =po * W [1 — D/ po]* In]| W/Wo], (2.47)

rae uaaekc 0 OTHOCUTCS K BEIMUMHAM B MOMEHT BpeMeHH t = (.

2.3.3 Pe3yabTaThl U BHIBOJBI:

I/I?)y‘lI/ITB MAaTEMATUYCCKHUEC MOACIIN HAJCKHOCTHU CUCTCEM O6CJ'Iy}KI/IBaHI/I$I CEIBCKOIr0 X035MCTBA

2.4 llpakTuyeckoe 3anaTue Ne5,6,7 (6 yacos).

Tema: « [ IpyHUMIIBI OCTPOCHUSI MATEMATHYECKHUX MO eJIei»

2.4.1 3ananue 1 padoThI:

1. IIpuHIUIBI BEIOOpA CTPYKTYPHI MOJACITH

2. IIporetypa moCTpOECHUS MAaTEMaTHYECKOH MOJIETH U €€ MCCIIEeI0BaHUS

3. ObcnenoBanue 00bEKTa, IOCTPOCHUE CLIEHAPUS €T0 (HYHKIIHOHUPOBAHUS U

KOHIIENTYaJIbHON MOJEIN

2.4.2 KpaTrkoe onucaHue mpoBoAMMOro 3aHATHUS:

[TepBeiiinM K3 TPUHLUIIOB BHIOOpA CTPYKTYPHI MOJENU SBJSETCS MPUHLHUI MPOCTOTHI:

U3 PA3JIMYHBIX BAPUAHTOB CTPYKTYpPhl MOJEIM CHadajga cieAyeT MONpoOOBaTh npocmeriuiuii.

Hanpumep, ecnu uccrnenyercs ciokHas TUHaAMUYecKas (MHEpPIMOHHAs) CHUCTeMa, TO CHadaja

HY)KHO TIPOBEPUTH, HENb3s JIM OrPAHUYMUTHCA CTATHYECKOW MOJEIbIO, HE YUYUTHIBAIOLIEH
TUHAMUKY.
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[Ipn yTOUHEHMM CTPYKTYpbl CTATUUECKON MOJENIN PYKOBOJCTBYIOTCS TEM K€ IMPUHLIUIIOM
npocToTsl . Hanpumep, eciin 3aBUCUMOCTb BBIXOZIa OT BXOJa MOHOTOHHA, TO CHa-yaja MpooyroT
auneunyro. Ecan 3aBUCHMOCTB BBIXOZA OT BXOZJAa HOCUT SKCTPEMAJbHBIM XapakTep, TO OepyT
keaopamuynylo GYHKLUIO, a €CIM €CTh OCHOBAHMA JAyMaTh, YTO 3aBUCHUMOCTb BBIXOJa OT BXOJa
UMEET nepe2ud, TO HAYMHAIOT C KyOuueckou QyHKIIHH.

Ecnu noctpoenne Mozeny BBIMOIHAETCS ¢ HENbI0 OnmuMu3ayuy, To BIaJIN OT SKCTpeMyMa
MOKHO OTPAaHUYUTHCA JUHEUHOU MOOeNblo, a IPU MPUOIMKEHUN K 9KcmpeMyMy TIEpEeXoJuTh Ha
KBaJpaTHuHyl0. B mo00oMm ciyyae npeanodTuTeslbHEe MOJENU, B KOTOpbIE MOCTOSIHHBIE
K03 PHUIHMEHTHI BXOAAT JIMHEHHO.

Ecnn TouHOCTh MOZENEH ¢ MOCTOSHHBIMU KO3 (UIIMEHTaMH HEAOCTATOYHA, TO B MOJEIb
BBOJIAT 3aBUCHMOCTh KOX(QPHUIIMEHTOB OT BpeMeHH (apeiid). peiid MoxeT ObITh MOHOTOHHBIM
WIA TEepUOJUYECKUM, IMpUYeM B OOJNBIIMHCTBE CIy4yaeB [JOCTATOYHO OIPaHUYUTHCS
NPOCTEHIIMMU MOJIENSIMU perda - TMHEHHBIMU MITH TAPMOHUYECKIMH.

Ecnyn Bo3HuKaeT auiaeMMa: BbIOpaTh MOJEINb IeTEPMUHUPOBAHHYIO WIIM CTOXAaCTUYECKYIO,
TO MPEANOYTEHUE CIENYET OTAATH demepMuHuposanHou. VI TOIbKO eclii He yaaeTcsi 00OWTHCH
0e3 ciay4aifHOCTH, TO BBOJAT €e, IPHUeM CHayaja B Haubosee npocroi hopme.

B coorBercTBUM € NPUHIUIOM IMPOCTOTHI IPH BBIOOpE MOJEIM CIIEAyeT HauMHaTh C
HaVMEHBIIMX 3HAYEHUH MOpSJIKA, YUUThIBas, 4YTO MHOTHE KJIACCHI JMHAMHYECKHX IPOLIECCOB
OIMCHIBAIOTCS MOJIEISIMU IIEPBOT0-BTOPOIO MOPSIKOB.

Yem Oousbliie Mozienb (pa3Mep e€e ONpeaessieTcss YMCIOM ONUCHIBAEMBIX MOACUCTEM), TEM
IpPUCTpPAcCTHEE K HEH cleayeT OTHOCUTbcA. Mojenb, koTopas Obula Obl MPOCTO OONBIION U
CJIOKHOM, MOCTpoUTh jerde. OQHAKO NMPU BECbMa BBICOKOM CTOMMOCTH LEHHOCTb €€ MOXKET
0Ka3aTbCs COMHUTENIBHOM KaK JJs YYEHbIX (€cli HE BO3HUKAET HOBBIX YIJIOB 3pEHMs Ha
npobiaeMy), Tak W JUId NPAaKTUKOB (€CIM HE YAAeTCs IMOJyYUTh TOYHBIE IPOrHO3BI,
UCIIOJIb3YEMBIE JJI IPUHSTHSI PEIIEHUN ).

[lepeuncrnennble npaBwiia cieqyeT NPUHUMATh HE KakK 3aKOHbI, a Kak pekoMeHaauuu. B
MUpPE MOJENEN apCTBYET IUTIOPATIU3M, U IS TOCTUKEHUS yCIeXa HY)KHO MCIIBITaTh HECKOJIBKO
BapuaHTOB Mojenel. [Ipu 3ToM camas mosnHas MoJenb He 00sA3aTeNnbHO caMasl TOUHasl, a camas
TOYHasl HE 0053aTeIbHO camMasi XOpoIIasl.

IIpoueaypa mocrpoeHust MATEMATHYECKOH MO/IeJIM M ee UCCIe0BAHMSA

[Ipouenypy nocTpoeHus: MOJEIN MOKHO IIPEICTAaBUTh COCTOSIILEN U3 psiAa ITAloB, XOTH B
KOHKPETHBIX CIy4dasX HEKOTOpbIE 3Talbl MOTYT OIyCKaThbCsd, a psii padoT MO MOCTPOECHHUIO
MOJIEIM BECTUCH NAPAIUIIEIBHO.

Oman 1. Pa3zpaboTka KoHyenmyanbHot mooenu, SIBISIOMENUCS colepKaTeIbHOW OCHOBOU
JUISL TIOCTPOEHUS] MATEMaTUYECKOH MOJIETN 00BEKTA.

[lon xonyenmyanvnoti mooenvio 0Ovekma TNOHUMAETCS COBOKYIHOCTh Kauy€CTBEHHBIX
3aBHCUMOCTEH KPUTEPUEB ONTUMAIBHOCTH M PA3IMYHOTO pOJa OTPaHUYCHHH OT (HaKTOpOB,
CYIIECTBEHHBIX JUIsI OTpakeHus (GYHKIMOHMpoBaHUS oO0bekTa. KoHuenTyanbHas MoJelb
OTpakaeT CJIEAYIOIINE OCHOBHBIE MOMEHTBI:

- ycnoBus (GYHKIMOHMPOBAaHUS OOBEKTa, ONpeneNseMble XapaKTepoM B3auMOJEeHCTBUI
MEXy 0OBEKTOM U €r0 OKPYKEHUEM, MEKIY IEMEHTaMU 00BEKTa;

- LIeJIM UCClIeIoBaHMsI 0OBEKTa U HAIPaBJICHUS YIy4LICHHs €ro (yHKIIMOHUPOBAHUS;

- BO3MOXXHOCTH YIpPAaBJIEHHS OOBEKTOM, OIpPEAEISIONME COCTaB  YIPaBIAEMBIX
IIEpPEMEHHBIX 00BEKTA.

Oman 2. Tloctpoenue mamemamuyeckor mooeru. Dopmupyercs Ha OCHOBE
KOHIIeNTyanbHOH Mozenu. ['naBHas mpoGieMa 3TOro stama - ONpeseleHHe KOJINYECTBEHHbIX,
MaTeMaTHYECKUX COOTHOLICHUH, bopmanu3yromux KaueCTBEHHbBIE 3aBHUCHUMOCTH
KOHIIENTyaIbHON MOJAEIIH.

Oman 3. Tpaucasayus mooeiru — 3TO €€ 3allUCh HAa SI3bIKE€ IPOrpPaMMHUpPOBAHUs, Kak
IPaBUJIO, HA OJHOM U3 S3bIKOB BBICOKOTO YPOBHS, B HauOOJbIIEH CTENEHU IMPUCIOCOOIEHHOM
JUTS IPOTpaMMHUPOBaHUs Moienupyronmx anropurMos: Paskal, Java, Fortran u np.
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Oman 4. Yucnennoe npedcmaeénenue MaremMaTudeckod mozenu. s peanuszauuu
MaTeMaTHYeCKOM MOJIelIM Ha KOMIBIOTEpE OHa JIOJKHA ObITh IpPEACTaBlIeHa YHCICHHO, T.C.
3aJaHbl YUCIIOBBIE 3HAYCHHUS KOHCTAHT, JMANa30Hbl U3MEHEHHS HEONpEICTICHHBIX (aKTOPOB H
YIIPaBJIIEMBIX MIEPEMEHHBIX, 3aKOHBI PACIIPECIICHUS CITyYalHbIX BEJINUYHH.

[Ipu >TOM 3a4acTyi0 BO3HHUKAIOT NPOOIEeMbl 3(P(EKTUBHOTO MPEICTABICHUS YHCE,
HalnpuMep CKaThs TaOJUYHOM MHGpOpPMAalMK METOJaMH HMHTEPIOJISALUM, ANNpOKCHUMALUU U
HKCTPANIOISINU, 0OpaOOTKH CTATUCTHYECKUX JAHHBIX JJIS MOTydeHHs (POPMBI U XapaKTEPHUCTUK
3aKOHOB PacIpeesIeH s CIy4aiHbIX BEIMYHH.

Oman 5. Oyenka adexeamuocmu MOJIEIH 110 OTHOILIEHUIO K KOHLENTYaIbHOW MOAEIH.

Oman 6. Oyenka moyHocmu MOTYYEHHOTO HA MOJIENIA pe3yJibTaTa.

Oman 7. Hccrnedosanue mamemamuueckoti mooeau. Haunnaercs ¢ ee aHaiu3a | BbIOOpa
COOTBETCTBYIOLLIETO METO/a €€ pelleHus. BaXHbIM 3TanoM HCCIeI0BaHUS MOJAEIH SBIAETCS
IKCnepuUMenmupoganue - COOCTBEHHO IPOLIECC MCCIEAOBAHNUS MOJAEIU [0 3aJJaHHOMY ILIaHY.
BBoj 1aHHBIX OCYLIECTBIISAETCS WIN 110 ONPENEIEHHOMY CLIEHApHIO, OCYLIECTBISIEMOMY IJIAHOM
AKCIEPUMEHTA, WX BPYUHYIO 110CJIE€ Ka)KIOI0 YaCTHOI'O HKCIIEPUMEHTA.

Oman 8. Unmepnpemayus OCyIMIECTBISIETCS TOCIE MOMYYSHHUs OYEPETHOro MPOroHa MU
IIOJIHOTO OKOHYaHUS dKclepuMeHTa. Ha 3ToM 3Tame BO3BpallaloTcs K OLIEHKE aJeKBAaTHOCTHU
MOJENIU U, B Cllydae €€ YJOBJIETBOPUTEIBHOIO pEIIEeHUs, AENaioT OOLIMe BBIBOJABI IO BCEMY
IKCIEpUMEHTY. MIHTeprpeTanus Nponu3BOIUTCS Ha SI3bIKE, IOHATHOM CIIELUAINCTY, 3aKa3UuKY, B
TEepPMHUHAX, YYUTBHIBAIOIUX CHEUU(UKY HCCIETyeMON TPOOIEMBI.

Oman 9. Peanuzayusi TpeAnojaraeT MPaKTHUYECKOE HCIOJIb30BAHUE MOJETH U (MJIN)
pe3yabTaTOB MOJEIUPOBAHUS A OYyAYILEro MCCIEAOBaHUs, YIPABICHHUS OOBEKTOM WIIHU €ro
IPOEKTUPOBAHHUS.

Hokymenmuposanue  OCyLIECTBISICTCA B Ipolecce Bcel pa3padOTKU MOJAEIH U ee
UCIIONB30BaHusA. JIIsi KOHEUHOro I0JIb30BaTeNsl HEOoOXOAUMO MPEeNyCMOTpPETh YAOOHBIE
111a0JIOHBI 17151 BBOJA U BBIBOJAa MH(OPMAIMK B BUJE TabIuL, rpa)ukoB U peKOMEHAALUH 10 TeM
WIM MHBIM CUTYalUsIM NPOTEKaHMs MpolLecca MOAEIUPOBAHUS M MHTEPIPETALUU PE3YyIbTaTOB
MojenupoBaHus. JIs HAKOIUIGHHWS JaHHBIX U PE3yJbTAaTOB MOJEIMPOBAHUS  CIEAYeT
IPEyCMOTPETh apXUB 10 KAXKIOMY IKCIIEPUMEHTY U €0 BapUaHTaM.

Oo0cienoBanue 00beKTa, TMOCTPOEHHE CIHeHApUA ero (PYHKUMOHMPOBAHUA M
KOHIENTYaJaIbHON MoAeIn

[Tpu popmynMpoBKe KOHIENTYaTIbHOW MOJEIN 00bEKTA CIIEAYET:

- COCTaBUTb YIPOIIEHHBIH M B TO K€ BpPEMs aJ€KBaTHO IIOCTABJICHHOW LEIM OMMCAHUSA
UCCIIelyeMOIl CUTYyalluy - ClieHapus QyHKIIMOHUPOBAHUS 00BEKTa;

- chopmynupoBaTb M YTOYHMTH IL€IM, CTOSALIME Iepel OOBEKTOM IIpPU  €ro
(YHKIIMOHUPOBAHUH;

- (popmann3oBatTh eI B KPUTEPUU ONTUMAIBHOCTH;

- (hopmanu3oBaTh BHELIHNE U BHYTPEHHHE OTPAHUYECHHUS;

- BBIOpaTh (DaKTOPBI, OMMCHIBAIOLINE OOBEKT M €r0 OKPYKEHHUE, KOTOpble YUYTEHBI B
UCCIICIOBAHUM U COOTBETCTBEHHO BKJIIOUEHBI B MATEMATUYECKYIO MOJIEIIb;

- KJaccuuIUpoBaTh (GAaKTOPHl W BBLICIHTH M3 HUX B IEPBYIO OYepeab YIPaBIseMbIC
IIEpEMEHHBIE.

3aKJIIOUNUTEIbHBIM IIAarOM IOCTPOEHUS KOHIENTYaJIbHONM MOJENM SBISETCS OLIEHKa €€
a/IeKBaTHOCTH HCCIIEyeMOM CUTYaI1H.

OObIYHO HccleoOBaHME OOBEKTAa HAUYMHAETCS C ONHUCaHUs MPOOJIEMHON CHUTyalluu B
BeCbMa HeueTKux (opmynupoBkax. OH ONUCBIBAETCS HEKOTOPHIMH XapaKTEpUCTHKaMH,
CUTyallusIMH, IIOBEJIEHHWEM B BHJE€ IepeuHs "CHUMNTOMOB", Ha OCHOBAaHUU KOTOPBIX
Uccle1oBaTeNb JOKEH OCTaBUTh "IUarHo3" - onpenenuThb 3aady UCCIeA0BaHMs.

Lenp uccnenoBaHus ompeaenseT Lenb MOCTPOeHUS Mojenu. MoJenu MOTYT CTPOMTHCS
VIS CIIEAYIOIIMX LIeTIeH:

1. Buiasnenue @yHKYUOHANbHBIX COOMHOUlEHU — OTIPENENIeHUEe KOJMYECTBEHHBIX
3aBUCUMOCTEH  MEXAYy BXOJHBIMH (aKTOpaMH MOJENH, BBIXOJHBIMH  XapaKTEpUCTHKaMHU

64



uccienyemMoro oo6bekra.  IlomoOHOro poga Moaenu IO CBOEMY XapakTepy SBISIOTCS
ONHucaTeIbHBIMU. 3a/aya BbIABIECHUS (YHKLIMOHAJIBHBIX COOTHOIIEHUH  MPHUCYTCTBYET HpHU
OCTPOCHUH MAaTEMaTHUECKUX MOJENIEN JTH0OBIX TUIIOB.

2. Aunanuz uyscmeumenvHocmu - YCTAaHOBJIEHHE M3 OOJIBIIOro 4yucia (akTOpoB TeX,
KOTOpble B OOJIBLIECH CTENEHW BIUSAIOT HAa MHTEPECYIOIIME  MCCIEAOBATENsl  BBIXOJHBIC
xapaktepucTuku. IIpu aHamu3e 4YyBCTBUTENIBHOCTH JOJIKHA 0053aTENbHO MPEIyCMaTpUBATHC
BO3MO>XHOCTb BapbUPOBaHMsI MHTEPECYIOLINX HUCCiIe10BaTeNs (PaKTOPOB:

- XapaKTEpUCTUKAaMU BHEIIHEW CpENbl;

- Ha4aJIbHBIX YCJIOBHIA;

- IEPEMEHHBIX YIIPABJICHUS.

3. IIpocrno3 — olleHKa MOBEJEHUS 00bEKTa IPU HEKOTOPOM MPEIOJAaraéMoOM COYETaHUU
BHEIIHUX YycnoBui. OOBIMHO 3ajjaud IMPOTrHO3a SIBIAIOTCS JUHAMUYECKHMMM OTHOCUTEIIBHO
BXOJIOB, U B Ka4e€CTBE HE3aBMCHMOH (HEYyNpaBiIsieMOW) INEPEMEHHOM B HUX BBICTYNAET BpEMS.
Monenu nporHo3a siBJIsIFOTCS ONUCATEIBHBIMHU.

4. Oyenxa - oOlpenercHUE, HACKOJIbKO XOpOUIO MCCIEAYEMBIH OOBEKT Oyaer
COOTBETCTBOBATH HEKOTOPHIM KPUTEPHIM. MoO/Ienn OLEHKH BKJIIOYAIOT PACYEThl HHTEPECYIOMINX
UCCIIeIOBATENs] HMHTETPAIBHBIX XapaKTEPUCTUK - KPUTEpUEB, (HOPMATUIYIOMUX LU
VICCIICJOBAHMS.

4. Onmumusayusi - TOYHOE OIPENEICHUE TAKOTO COYETAaHUs IEPEMEHHBIX YNpPaBJICHMUS,
OpU KOTOPOM oOecnednmBaeTcs SKCTpeMajbHOe (MaKCHUMalbHOE WJIM MHUHUMAIbHOE, B
3aBUCHUMOCTH OT CMBbICJIa KPUTEPHUS ONTHUMAJIbHOCTH) 3Hau€HHUE LeneBoil pyHkuuu. [ns storo
UCTONB3YIOT CHEUUAIbHBIA OJIOK ONTHMM3ALMH, MO3BOJIIONIMH IieleHanpaBiIeHHO BbIOUpATh
KaXKIbIH U3 MHOYKECTBA AJIbTEPHATUBHBIX BApUAHTOB.

JIroboe uccnenoBaHUE JOJKHO HAYMHATBCS C MiIdHd, NMOKa3bIBAIOLIETO0 Kak OHO Oyxer
IIPOBOAMTHCA, KaKUE METOAbl U B KaKOW IOCIIENOBATEIBbHOCTH OyIyT BBIOJHATHCS PaOOTHI.
ITpu 3TOM 00s3aTENbHO BBINOJHEHHE IBYX 3TAIlOB: BBIABICHUSA (DAKTHUECKOIO MNOJOXKEHUS U
aHaJIM3a.

[lepBblif 3Tan- BBIABICHUE QAKMUUECKO20 NONOJCEHUs TECHO CBA3aH €O cOOpOM
MH(pOpMaLUU IO ONPEEIICHUIO IPUPOABI U LIEJIEBOT0 Ha3HAUYEHUs1 00BEKTA.

Bropoii stan- amanusz - cBsi3aH C OCMBICICHHEM COBOKYHMHOCTH (DaKTOpOB C IIEJIbIO
BBISIBJIEHUSI CTPYKTYpbl OOBEKTa M  B3aUMOJEHCTBUS €ro 3JIEMEHTOB B  Ipoliecce
(GyHkunoHuposanusi. VIMeHHO B pe3yibTaTe aHaiaM3a CTPOUTCS CLEHapuil (yHKIMOHMPOBAHUSA
00BEeKTa U OlpeseseTcs] KOHLEeNus Oyayieil MaTeMaTu4eckol MOEu.

Hcxonnas wuH(popMmamus, BpydaeMmas HCCIEAOBATENI0 IPU IONYYEHUHM 3aJaHMs, Kak
IPaBUJIO, HEJJOCTATOYHA JIJISl TOYHOH (DOPMYITHPOBKY 331a4l U IIOCTPOCHUS MOJICIIH.

M cTouHnKaMu TOMOTHUTENBHOTO MOTyYeHNUs HHPOPMALIUH SIBIISIOTCS:

- JOKYMEHTBI, B TOM YHCJI€ YIPaBJIEHUYECKas, HayuyHas M TEXHUYECKas JOKyMEHTallus,
JOJDKHOCTHBIE MHCTPYKLIUU U MOJIOKEHUSI, IPUKA3bI U T.J1.;

- YIpaBJIEHYECKO - aJMHUHHUCTPATUBHBIA INEpCOHAN, MyTeM Oecel M aHKETUPOBAHUS C
KOTOPBIM yCTaHABJIMBAIOTCS U YTOUHAIOTCA HEOOXOqUMble (GYHKIIMU U OPraHU3alMOHHbIE CBSA3U
B CHCTEME;

- IPOM3BOCTBEHHBIN MEPCOHAJI B IIeXaX U MOAPa3ACICHUSIX;

- HEINOCPEACTBEHHbIE M3MEPEHHUS U HAONIOACHMS 3a INpoleccoM (PYHKIHOHUPOBAHUS U
(GuKcanMs KOJIMYECTBEHHBIX XapaKTEPUCTUK IPU IMPOBEACHUU HATYpPHOTO SKCIEPUMEHTa Ha
pealbHO CYILECTBYIOLIEH anmnapaTtype U 000pyAOBaHUH.

B cinydae BHOBb NPOEKTHpPYEMBIX OOBEKTOB Ui MPEACTABICHMs Ipolecca HX
(YHKIIMOHUPOBAHMSI MCIOJIb3YIOT HAKOIUIEHHBIM ONBIT M pe3yjiabTaTbl HaONIOAECHUS HaJ
nporeccaMu (QyHKIIMOHUPOBAHUS aHAJIOTUYHBIX CUCTEM C YU4ETOM OCOOCHHOCTEH 00BEKTA.

Pesynbrarel oOcnenoBaHuss 00BEKTa U OKPYXKEHHMS O(GOPMISAIOTCS B BHUAE ONUCAHUS
nporecca (PyHKIIMOHUPOBaHUSA 00beKTa - cyenapus. CopepikaTelbHOE OMMCAHUE B CIOBECHOM
BBIpOKEHUH AT KapTHUHY (QYHKIMOHHPOBAHUS OOBEKTa B LIEJIOM M €r0 OTACIBHBIX YacTeil BO
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BPEMEHHU NP PaA3IUYHBIX BO3JEUCTBUIX OKPYKEHHS, COACPKUT UCXOTHYI0 MH(GOPMAIUIO AJIs
JTanbHEHIIIeH MaTeMaTHIeCKO hopMannu3aIuy 3a1aqyu.

Pexomenayemble 3Tanbl MOCTPOEHUsSI CIIEHApHs Mpolecca (PYHKIMOHUPOBAHUS OO0BEKTa
MIPUBEACHBI HUXKE.

Oman 1.

[Ipu ananmuse coOpaHHON HMH(pOPMAIMM W TOCTPOCHHS CIIEHApUs (YHKIIMOHUPOBAHUS
00beKTa B MEPBYIO OYEPEIb CTPOST €ro KOHUENTYaIbHYIO MoJeNb. [ 3Toro mpexiae BCero
BBISIBIISIIOT TPAaHUIIBI MEXIYy OOBEKTOM M BHEIIHEH Cpelod M MEXIy BHEIIHEH Cpelod u
okpyxkeHueMm. s wucciaemyeMoit cuctembl (Mporecca) OKpPYKEHHE €CTb MHOXECTBO BCEX
00BEKTOB BHE CHCTEMBI, M3MCHCHHE XapaKTEPUCTUK KOTOPHIX BIUSET HAa CHCTEMY WIHA (M)
XapaKTEPUCTUKU KOTOPBIX HM3MEHSIOTCS BCJICACTBUE TMOBEACHHUS CHCTEMBL. Takum o00pazowm,
OKPY)KEHHE €eCTh YyYHMTBIBaeMas TpPHU HCCIACAOBAaHWUM YacTh BHEMIHEH cpeapl. OOBEKT
B3aMMOJICUCTBYET C OKPYKEHHUEM MOCPEACTBOM BXOJOB U BBIXOOB.

Kaxk nmokaszano Ha puc 3.1, OCHOBHBIMU THUIIaMU BXOJIOB SIBJISIFOTCS:

X|] — HMH(QOPMAIMOHHBIA BXOJ, YHIPABISIOMHNA pabOTOW OO0BEKTAa WM TOJJICKAIIHMA
nepepadboTke 0OBEKTOM;

X, - DHEPreTUYECKUM BXOJ, 00ecTeunBaronuii pa3BUTHE 00bEKTa MM €ro MOJep>KaHue
Ha 3aJJaHHOM YPOBHE MTPOU3BOAUTEIHLHOCTH;

X3 - MaTepHaJIbHBIA BXOJ, MPEACTaBIAIONINI COOON IMOTOK MAaTepUaIbHBIX CPEICTB,
MoJUIeXKAMX  repepaboTke  o0BbeKTOM OO  MOTpeOaseMbIX B MpOIECCE  €ro
(yHKIIMOHUPOBAHMS,

X4 - BXOJI, 00eCTICUMBAIONINN OOBEKT KaapamH.

Bo3moxxHbI 1pyrue BXobl, onpenensieMble 00beKTOM. YKa3aHHbIE BXOJAbI MPEACTABISIOT
cobolf  OpraHW3oBaHHBIE BXOJABl, WX HAIWYUE OOCCIEUMBACTCA  IIEJICYCTPEMIICHHON
JIEATENIbHOCTRIO Jrofei. [loMHMMO OpraHW30BaHHBIX BXOJOB €CTh HEOPTraHM30BAHHBIE, KaK
MPABWIO 3aTPYIHSIONIUE NESITEIbHOCTh CUCTEMBl BXOJbI - BO3MYIIECHHS Xp, MOCTYHAIONIUE U3
OKpY>K€HHUsI (CPBIBBI CPOKOB MOCTABKU MAaTE€pUaIOB, HECOOTBETCTBUE MapKHU MaTepualia u T.II.),
KOTOPBIE TaK)K€ MOTYT OBITh KJIACCH(UITUPOBAHBI TTO 3THM YETHIPEM THITAM.

Puc 3.1. KonuentyanbHas MOJesib 00BEKTA UCCIETOBAHMUS.

Taxum oOpa3om, BX0J HCCIEAYEMOro 00ObeKTa NpeACTaBIsAeT COOOH BEKTOP:

X = [X], X2, X3,X4, X5 ]. (3.1)

Kaaplil BXOJT MOXKET UMETh HECKOJIBKO COCTaBIISIIOIINX, TaK YTO

Xi=(Xj), 1=Ln, j=1,m, x;=(Xjjp), g=1,k;

rZie 1 — THUH BX0J1a; ] — HOMEHKJIaTypa BX0/1a; g — MCTOYHUK BXOJA.

Pe3ynpTar neATENBHOCTH CUCTEMBI - BEKTOP BBIXOJA Y MOXET OBITh OXapaKTepU3y-eM
AQHAJIOTHYHBIMU COCTABIISIOLIIMHU:

y=[Y1, V2, Y3 ¥4 ¥Ysl; (3.2)
rac:
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y1 - UH(QOPMALMOHHBIA BBIXOJ, XapaKTEPU3YIOLUIUN pe3yiabTaT HHPOPMALMOHHOM
JESATEIIBHOCTH CUCTEMBI,

y2 - DHEPreTHUYECKUH BBIXOJ, XapaKTEpU3YIOLIUH Nepenady SHEpruu OT CUCTEMBI B
OKPY’KAIOILYIO CPENy;

y3 - MaTepHAIbHBIA BBIXOJ, XapaKTCPU3YIOIIUKA MaTCPUAIBHBIA pPE3ysbTaT ACUCTBUS
CHUCTEMBI, a TAK)KE OTXOJIbI ChIPbs U MaTEPUAJIOB;

Y4 - KaAPOBBINA BBIXOJ], XapaKTEPU3YIOLINI IBUKEHUE KaJpOB;

Ys- BO3MYILIEHHE, XapaKTepu3yollee MoOoUHbIe eicTBUs 00BbEKTa HAa OKPYKEHUE (B CBOIO
ouepellb TaKXKE MOXKET ObIThb IOJApa3JelieH Ha HWH(QOPMALMOHHBIN, HSHEPreTUUYECKUM,
MaTepHaAITbHBIA U KaJAPOBBIi).

Kak u 17151 BX0A0B, COCTaBISIONINE BEKTOPA BBIX0/1a MOTYT OBITh IIPEICTABIICHbI B BUE:

yi=y); 1=1h, j=Lr x5=(Xig); g=1,s;(3.3)

I7ie 1 — THUI BXOJa; ] — HOMEHKJIaTypa BX0Ja; g — UCTOYHUK BXOJa.

Omnpenenenue HeoOXOAMMOro cocraBa (haKTOPOB, BKIIOYAEMBIX B HCCIEJI0BaHHUE,
HOJpa3yMeBaeT IEepeuYHucIeHUuEe BceX (PAKTOPOB, BIMSIOIMIMX KaK IOJOKUTEIbHO, TaK U
OTPHIIATENIBHO Ha Pe3yJIbTaThl pabOThl OOBEKTA.

Oman 2.

OHOBpPEMEHHO C aHAJU30M BXOJHBIX M BBIXOJHBIX (AKTOPOB M3Yy4aeTcs BHYTPEHHSA
CTpYKTypa O0BEKTa, NPUHHUMAIOTCS PELIEHUS O BKIIOYEHWU TEX WIM HUHBIX 3JIEMEHTOB
U3y4yaeMoro oobvekTa B coctaB ero Oynymeit mogenu. Ilpu 3Tom ¢u3myecku rpaHuibl 00bEKTa
BOBCE HE 00s13aHbl COBMNAAATh C TPaHUIIAMU MOJAEIN O0BEKTA.

Oman 3.

Ha sToM sTane npoBoauTcs aeTanu3anysl BBISABICHHBIX B CTPYKType Mojenu cBszedl. Ha
OCHOBE pELICHUH O BKJIIOYCHMHM TE€X WM MHBIX DJIEMEHTOB B COCTaB MOJEIU OOBEKTa
YTOUHSIOTCS M KOHKPETHU3UPYIOTCS Ha3HAYCHHE KaXIOTO DJIEMEHTAa, (YHKUUHU, KOTOPHIE OH
BBINOJIHSAET B Ipolecce paboThl BCEH CHUCTEMBI, €r0 BXOAbI M BBIXOIbl - IPOMEXKYTOUHBIE
napaMeTpsl, IEPEMEHHbIE COCTOSHUS 00bekTa. [Ipu 3TOM LerecooOpa3HO MOBTOPUTH TPOLECC
IIOCTPOCHHS KOHLENTYAJIBHBIX MOJENEH I KaKIOrO0 M3 JJIEMEHTOB MOJEIN BHYTPEHHEU
CTpYKTypbl. TeM caMblM B MOJEIM BHYTPEHHEW CTPYKTYpBI IPOUCXOIUT Kak Obl 3aMelleHHE
3JIEMEHTA CUCTEMbI (QYHKIMSIMU, KOTOPBIE ATOT 3JIEMEHT BBINOIHAET, 3aMEIEHUE CB3eH MEeXIy
DIIEMEHTAMHU CBSI3SIMH MEXNY (DYHKIU-IMH, KOHKPETH3HMPOBAHHBIMH B BHUJAE NEPEMEHHBIX
COCTOsAHUSA. 3aTeM TpeOyeTcsl COorjia-coBaTh BXOJAbI M BBIXOJbI 3JEMEHTApHBIX MOJeNel MEexIy
co00i1 1 co BXOAAMM U BBIXOJAaMHU MOJENIN 00beKTa B 1ejoM. TakuMm oOpaszoM, 3tan 3 gBisercs
NOBTOPEHHEM 7dTama | aiud KaXkZOoro M3 D3JEMEHTOB MOJENHM BHYTPEHHEH CTPYKTYpHI €
00s3aTeNbHBIM COTJIACOBAHUEM BCET0 MOJYYEHHOTO MHOXECTBA BXOJ0B U BBIXO/I0B.

Oman 4.

N3ydyenne mecTta U posid KaXa0ro 3JeMeHTa MOJEIN BHYTPEHHEH CTPYKTYpHI B IpOILECCE
(GYHKIMOHUPOBAaHUS O0BEKTA IO3BOJSIET ONPENENUTh IEepPeueHb 3JIEMEHTapHBIX IMPOLECCOB,
INPOUCXOIAIINX B HCCIEAYEMOM OOBEKTe, MepeuHu (YHKIUH Kak OOBEeKTa B IENIOM, TaK H
KaKI0r0 OTIEIbHOIO JIEMEHTA.

[Ipu BBINTOJIHEHNH 3TOTO 3TAMNa MBITAIOTCS OTBETUTH HA CIIEIYIOIINE BOIIPOCHL:

- JUIS 4ero NpeJHa3HauyeH JaHHBIA 3JIEMEHT, Kakue (QYHKLIUHU (3JIeMEHTapHbIe IPOIECCH)
OH BBINOJHIET, KaKOro poaa TMOTOKH (MH(POPMALMOHHBIE, MaTepUAIbHBIE, W T.I.) OH
nepepadarbiBaeT WK npeodpaszyer?

- IS KakoM (YHKIMU DIEMEHTOB YCTaHABIMBACTCS, AaBTOHOMHO HJIM COBMECTHO C
JIPYTUMH 3J€MEHTaMM peau3yercsi AaHHas (YHKLIHA, a €CIM COBMECTHO, TO KAaKOB IMOPSAIOK
B3aMMOJEHCTBUS 2JIEMEHTOB?

- B3aMMOCBSI3aHbI U (PYHKIMH 3JIEMEHTOB MEXJy COOOH MO MOIy4E€HUIO TOr0 WM MHOTO
BBIXO/1a KOHLENTYyaJIbHOW MOEIN?

- BCE JIM BBIXOJbI KAHOHWYECKON Mozenu obecrednBaroTcs HabopaMu B3aUMOCBA3aHHBIX

byHKIII?
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- coBmamalT M (QYHKOUU OO0BEKTa, BHITCKAIONINE W3 paHee IMOCTPOSHHOU
KOHIENTYaIbHONH MOJIENH, ¢ GYHKIIUSIMU, BBITEKAIOIUMU U3 MOJIETH BHYTPEHHEH CTPYKTYpbI?

B mpormecce OTBETOB HAa 3TH BONPOCHI MPOBOJUTCS YTOYHEHWE U yBSI3KA (DYHKIIHIMA
3JIEMEHTOB O0BEKTA.

Oman 5.

DneMeHTapHbIe MPOIECCH B €IUHYI0 MOJETh (PYHKIIMOHUPOBAHUS MOTYT OBITH YBS3aHBI C
MOMOIIbIO  PA3JIMYHBIX TMPHUEMOB U BBI3bIBATh HEOOXOAMMOCTh TOCTPOCHHUS CHCTEMBI
BCIIOMOTATEeNbHBIX MoOJENeH pa3auuyHoro BuAa (QYHKUMOHAIBHBIX, HH(GOPMAIIMOHHBIX,
IPOIEAYPHBIX) U CIIOCO0a MPEICTaBICHUsT BEIXOAHONW MH(pOpMaIuu (OJI0K-CXEMBI, JTHarpamMmel,
BpeMeHHbIe Tpaduku, rpadsl u T.1.). Onucanue oObeKTa CTPOUTCS MOCIEAOBATEIHHO: CHaYasa
CTaTHYECKOEe, a 3aTeM, €eClIu J3TO HeoOXOAMMO, JMHAMUYECKOE TPEJICTABIEHUE €ro
¢byukmonupoBanus. [Ipy 3ToM A KOMIOAKTHOTO U HAIJIAHOTO MpeACTaBieHUss HHPOpMauu
Yalie BCEro UCMOJIb3YIOTCA TEXHOJIOTMUECKHE KapThl U JAUArpaMMBL.

2.4.3 Pe3yabTaThl U BHIBOJBI:

HSy‘II/ITB IMPUHOUIIBI TIOCTPOCHUA MATCMATHYCCKHUX MoJenen

2.5 llpakTuyeckoe 3anaTue Ne§ (2 yaca).

Tema: «O06padoTka pe3y1bTATOB CIVIAHMPOBAHHOI0 IKCIIEPHUMEHTa)

2.5.1 3aganue nist padoThI:
1. Meron perpeccCMOHHOIO aHaIu3a

2. MeTton 1uCIepCHOHHOTO aHATN3a

2.5.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:

TepMuH «perpeccusd BBEN aHTVIMIUCKUI ICUX0J10T U aHTpornoior @ .I'ansToH.

J71 TOYHOTO ONMCAaHUs YPAaBHEHUS PErpeccH HeOOXOAMMO 3HATh YaKOH pacipeeIeHUs
PE3yIbTAaTUBHOTO MTOKA3aTelN Y.

B cratuctuueckoit mOpakTHKE OOBIYHO MPHUXOAUTCA OTPAHUYMBATHCA MOHCKOM
MOAXOASAIINX aNMPOKCUMAIUN ISl HEM3BECTHOM HCTUHHOM (pyHkiuu perpeccun ffc), Tak kak
UCCIIeIOBATeNlb HE pacrmojiaraeT TOYHBIM 3HAaHHEM YCJIOBHOTO 3aKOHA pachpeiesieHus
BEPOSITHOCTEW aHATU3UPYEMOT0 Pe3yIbTaTUPYIOIIETO MOKa3aTess y MPU 3aJlaHHbIX 3HAUYEHMSIX
apryMeHTa X.

Paccmotrpum B3ammooTHOIIeHHE MexAy wuctuHHOH f (Xx) = = M(y/X), MOAENbHOM
perpeccueil y u OleHKOH Y perpeccuu.

[TycTh pe3ynbTaTUBHBIN MMOKa3aTeb y CBSI3aH C apTYMEHTOM X COOTHOILICHUEM:

y=2x 1,5+0

r7ie 0 — ciy4daiiHasi BeJIMUMHA, UMEIOIIasi HOpMaJbHbIN 3aKOH pacipeiesieHus.

[TpuaeMm M o=0wu d 0o— o0 2.

WctunHas GyHKIUS pEerpeccuu B 3TOM Cilydae UMEEeT BU/I:

f(x) =M(y/x)=2x11,5+t0

JIJisi HauTy4dnIero BOCCTAHOBJICHHS 1O MCXOJHBIM CTATHCTHYECKUM JIaHHBIM YCIOBHOTO
3HAYCHUsI PE3yIbTAaTUBHOTO ToKa3zatens f(X) u Hem3BecTHOU (yHKIHMH perpeccun /(X) = M(y/X)
HanboJIee YaCcTO UCIOIB3YIOT CICAYIONTNE KPUTEPUHU aIeKBaTHOCTH ((PYHKIIMH TTOTEPH ).

CornacHO MeTOJy HAaMMEHbBIIUX KBaJApaTOB MHUHUMH3UPYETCS KBaApaT OTKIOHEHHUS
HaO0JI0JaeMBIX 3HAUCHUM Pe3yIbTaTUBHOIO Mokazatens y(i =1, 2, ..., 1)OT MOJEIbHBIX 3HAUYCHUN
y 1= f(x 1),rze X i— 3Ha4eHHEe BEKTOpa apryMEeHTOB B 1-M HabmoaeHuu: o(y i— f(x 1)2 — min
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[Tonyuyaemasi perpeccusi Ha3bIBaeTCs CpenHekBagpaTuueckoil. CoOriacHo MeTony
HAaUMEHBIIUX MOJyJel, MHUHUMH3UPYETCS CyMMa aOCONIOTHBIX OTKJIIOHEHHH HaOII0JaeMbIX
3HAYCHHUH pe3yabTaTUBHOIO MOKa3aTesl OT MOJAYJIbHBIX 3HAaUeHUH: y 1= f(X 1)

N momy4yaem cpenHeadCoMOTHYIO MEUAaHHYIO perpeccuto: y-f(xj)->min

PerpeccronHbIi aHAIU3 — 3TO METOJI CTATUCTUYECKOTO aHAJIM3a 3aBUCUMOCTH CIIy4YalHOU
BEJIMUMHBI YOT nepeMeHHbIX X j(j=1,2, ..., k), paccMaTpuBaeMbIX B pErpeCCHOHHOM aHAIM3€ Kak
HecTy4YyalHbIe BETMYMHBI, HE3aBUCUMO OT UCTUHHOTO 3aKOHA PACTIPEIEICHUS X .

MeTtoa n1ucnepcuOHHOTO aHAJIN3A

B mpaktuyeckoil eATENbHOCTH Bpadedl MNpU NPOBEACHUM MEIUKO-OMOIOTUYECKUX,
COIIMOJIOTMYECKMX U  OKCIEPUMEHTAIbHBIX HCCICAOBAHUN  BO3HUKAET HEOOXOIMMOCTH
YCTaHOBUTH BIIMAHNUE (PAKTOPOB HA PE3yJIbTAThl U3YyUCHHS COCTOSHUS 37J0POBbSI HACEICHUS, TIPU
OIICHKE MPOPECCHOHATBHOMN JeATeTbHOCTH, 3P PEKTUBHOCTH HOBOBBEICHU.

CymectByeT psJ CTaTUCTUYECKHX METOJIOB, MO3BOJISIIOUIUX OMNPENEIUTh CHILY,
HalpaBjCHUE, 3aKOHOMEPHOCTH BIUSHHUS (AKTOpPOB Ha pe3yabTaT B TEHEPATbHOW WIIU
BBIOOPOYHON COBOKYMHOCTSX (pacdeT kputepus I, KoppensiMoHHBINH aHanu3, perpeccus, 72 —
(xputepuii cornacusi [lupcona u ap.). JucnepcuonHblil aHanu3 ObUT pa3paboTaH U MPEIJI0KEH
AQHIJIMMCKUM YYEHBIM, MaTEMaTUKOM U reHeTukoM Ponanbrom @umepom B 20-x rogax XX Beka.

JlucnepCHOHHBIA aHaJu3 4Yallle HCIOJIb3YIOT B HAYYHO-TNIPAKTHYECKUX MCCIETOBAHUSAX
0OIIECTBEHHOTO 3JI0POBbsSI M 3/[PABOOXPAHEHUS I U3yYEHUS BIUSHUS OJHOTO UM HECKOJIBKUX
(bakTopoB Ha pe3yiabTaTUBHBIN Npu3Hak. OH OCHOBAH HA MPUHIUIIE "OTpPaKEHHs pa3HOOOpa3uit
3HaYeHUil QakTopHOro (bIX) Ha pa3HOOOpa3Wu 3HAYCHHM pe3ylbTaTUBHOTO Npu3HaKa' U
yCTaHaBIUBAET CUJTY BIUSHUS (hakTopa (OB) B BHIOOPOUYHBIX COBOKYITHOCTSX.

CymHocTh MeTOJa AUCHEPCHOHHOTO aHAIW3a 3aKJII0YAETCs B M3MEPEHUM OTIENIbHBIX
mucnepcuit (obmas, hakropuanbHas, OCTaTOYHAsI), U JATbHEHIIEM OINpeNeICHUH CUIIBI (JOJIH)
BJIMSTHUS M3y4aeMbIX (DakTOpOB (OLIEHKH POJIM KaxA0ro u3 (pakTopoB, JHMOO MX COBMECTHOTO
BIIMSIHUS) HA PE3YJIbTAaTUBHBIN (€) MpU3HaK (M).

JIucnepcUOHHBIM aHaJIU3 — 3TO CTAaTUCTUYECKUH METOJ OLEHKH CBS3U MEXIY
(baKTOPHBIMHU U PE3yAbTaTUBHBIM MPU3HAKAMU B PA3IUYHBIX TPYIINAX, OTOOPAHHBIN CIydallHbIM
00pa3oM, OCHOBAaHHBII Ha OMpeeNIeHuH pa3Inyuil (pa3Ho00pa3us) 3HaUCHU N PU3HAKOB.

B ocHoBe aMciepcHOHHOTO aHanHM3a JIKUAT aHalIW3 OTKJIOHEHMH BCEX €IMHHI]
HCCIIETyeMOIl COBOKYITHOCTH OT CpeqHero apudmernyeckoro. B kadecTBe Mepbl OTKIOHEHUN
Oepercs nmucnepcus (B)— cpegnuii kBaapar OTKIOHEHHH. OTKJIOHEHHUS, BbI3bIBACMbIC
BO3/eiicTBEM (DaKTOPHOTO Tpu3Haka ((pakTopa) CpPaBHUBAIOTCS C BEIUYUHOW OTKIOHEHUH,
BBI3BIBAEMBIX CIYYalHBIMU OOCTOSATENhCTBAMHU. ECIM OTKIIOHEHUSs, BBI3bIBa€Mble (DaAKTOPHBIM
IpU3HAKoOM, OoJiee CYIIECTBEHHBI, YeM CIIy4aillHble OTKJIOHEHMS, TO CUHTAETCS, 4TO (aKkTop
OKa3bIBAaeT CYIIECTBEHHOE BIUSHUE HA PE3YJIbTATUBHBIN MPU3HAK.

s TOro 4toObl BBIYMCIUTH TUCHEPCUI0 3HAYCHMS] OTKJIOHEHHH KaKIOW BapHUaHTHI
(KaXJ0ro  3aperuCTpPUPOBAHHOTO  YMCIOBOTO  3HAUEHWs]  MpU3HAKa) OT  CPEIHEro
apu(MeTHUYecKoro BO3BOAAT B KBajapaT. TeM caMbIM M30aBISIIOTCS OT OTPULIATEIbHBIX 3HAKOB.
3aTeM 3TH OTKJIOHEHHUs (PA3HOCTH) CYMMUPYIOT U JEJIAT Ha YUCIIO HAOIIOJCHUH, T.€. YCPEAHSIOT
oTKJIOHeHHs. TakuM 006pa3zom, MOTy4aroT 3HAUCHUS JUCTIEPCUH.

BaxxHpIM MeTOIHMYECKHM 3HA4Y€HHEM JUIsi TMPUMEHEHHs JUCIEPCHOHHOIO aHaln3a
ABIISIETCS MpaBUIIbHOE (POpMHUpPOBaHUE BHIOOPKU. B 3aBHCUMOCTH OT OCTaBICHHON 1IEIH U 3324
BBIOOPOYHBIE TPYIIIEI MOTYT (DOPMUPOBATHCS CIyYailHBIM 00pa3oM HE3aBUCUMO JPYT OT JApyra
(KOHTpoONIbHAsT W OKCIEPUMEHTaJbHAs TPYIIbl A HW3Y4YEHHUS HEKOTOPOTo IoKa3aTels,
HalpuMep, BIUSHHE BBICOKOTO apTEepUAIbHOTO [aBJICHUS Ha pa3BUTHE HWHCYNbTa). Takue
BBIOOPKH HA3BIBAIOTCS HE3aBUCHUMBIMHU.

Hepeaxo pesynbTaThl BO3IEUCTBUS (PAKTOPOB HCCIEAYIOTCS Y OJHOM ©U TOM XKe
BBIOOPOYHON Tpynmbl (HampuMmep, Y OAHMX M TeX K€ MallMeHTOB) J0 M MOCIe BO3JIEHCTBUS
(meuenue, MpoUIAKTHKA, PeaOMIINTAIIMOHHBIE MEpOTPHATHSA), TaKHe BBIOOPKH HAa3BIBAIOTCS
3aBUCUMBIMH.
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JIUCTIEpCUOHHBIM  aHaMM3, B KOTOPOM TIPOBEPSETCS BIMSHUE OXHOrO (akTopa,
Ha3bIBaeTCsl OAHOGAKTOPHBIM (OnHOMEpHbIH aHanu3). Ilpu u3yueHuu BaMsHUA Oosee 4eM
oIHOTO (hakTopa HCIONB3YIOT MHOTO(AKTOPHBIA JMCIEPCHOHHBIA aHalW3 (MHOTOMEpPHBIN

aHaju3).
dakTOpHBIC TPU3HAKK — 3TO T€ MPHU3HAKU, KOTOPHIC BIUSAIOT HA M3ydaceMoOe SIBICHHE.
Pe3ynbTaTuBHBICE TPU3HAKK — OTO T€ MPH3HAKH, KOTOPbIE M3MEHSIOTCS TIOJ BIUSHUEM

(aKTOPHBIX MPU3HAKOB.

Jlnis mpoBeZeHus] TUCIIEPCHOHHOTO aHalIW3a MOTYT HCIIOJIb30BAaThCs KaK KaueCTBEHHBIE
(mon, mpodeccusi), Tak U KOJIMYECTBEHHbIE MPU3HAKKU (YUCIO MHBEKUUW, OOJNBHBIX B Majare,
YUCJIO0 KOWKO-THEH).

Metoabl AMCIEPCHOHHOTO aHAU3a:

1. Meton mo ®@umepy (Fisher) — xputepuit F (3nHauenus F cm. B mpunoxenun N 1);
Meton mnpuMeHseTcs B OIHO(PAKTOPHOM JUCIEPCHOHHOM aHANIHM3e, KOI/a COBOKYITHAsS
JUCTiepcuss BcexX HaOI0aeMbIX 3HAYEHUI pacKIaiblBaeTCs Ha JUCIEPCUI0 BHYTPH OTIEIBHBIX
TPYIII U JUCTIEPCUIO MEXKIY IPYIITIaMH.

2. Meron "oOmel nuHelHON Monenu". B ero ocHOBe JEKHT KOPPEISITUOHHBIA WU
PErpecCUOHHBIN aHaIN3, MPUMEHSIEMbII B MHOTO()aKTOPHOM aHAJIH3E.

OObIYHO B MEAMKO-OMOJIOTMYECKUX  HCCIIENOBAaHHUSAX  HCIONB3YIOTCA  TOJBKO
0THO(AKTOPHBIC, MAKCUMYM JBYX(aKTOPHBIE TUCTICPCUOHHBIE KOMILIEKCH. MHOTO(aKTOpHBIE
KOMIUIEKChl MOXHO MCCIIEI0BaTh, MOCIEIOBATEIbHO aHAIM3UPYSd OJHO- WU JIBYX(aKTOpHBIE
KOMILJIEKCHI, BbIIENIIEMbIE U3 BCEl HA0JII01aeMON COBOKYITHOCTH.

VYcnoBus npuMEeHEHUs JUCTIEPCUOHHOTO aHAlIn3a:

1. 3amadeil wcciaenOBaHMS SBISICTCS OIpENEICHUE CHIJIBI BIMSHUS OXHOTO (1m0 3)
(dakTOpoB Ha pe3yNnbTaT WM ONpEAENICHHUE CHIIBI COBMECTHOTO BIIMSHUS PA3IUYHBIX (PaKTOPOB
(o 1 Bo3pacT, puznyeckasi akTUBHOCTDb U MMUTAHUE U T.1.).

2. Uzyuaembie (akToOpbl JOKHBI OBITh HE3aBUCHUMBIE (HECBS3aHHBIC) MEXIY COOOM.
Hanpumep, Henb3s n3yyaTh COBMECTHOE BIUSHUE CTaxa pabOThI U BO3pacTa, pocTa U Beca JIeTe
U T.J. Ha 3200J1eBa€MOCTh HAaCEJICHHUS.

3. Iloxbop rpynnm mjis HCCIEIOBAaHUS TMPOBOAUTCS PAHIOMU3UPOBAHHO (CIIydalHBIN
ot0op). Opranuzanus IUCHEPCHOHHOTO KOMILIEKCA C BBIIIOJIHEHHWEM MPHHIMIA CIy4alHOCTU
0oTOOpa BapHaHTOB Ha3bIBAETCS paHAOMHU3alMel (mepeB. ¢ aHri. — random), T.e. BbIOpaHHBIE
HayTaj.

4. MOXHO TPUMEHSATh KaK KOJWYECTBEHHBIC, TaK W KadeCTBEHHbIC (aTpHUOYTHBHBIC)
MPU3HAKU.

[Ipu mpoBemeHun OJHO(PAKTOPHOTO TUCHCPCHOHHOTO aHAIM3a PEKOMEHIYETCS
(HE0OX0IMMOE YCIIOBHE PUMEHECHHUS ):

1. HopmanbHOCTh paclpeneieHuss aHalW3UpPyeMbIX TPYNI HJIH COOTBETCTBHE
BBIOOPOYHBIX TPYII I'eHepaTbHBIM COBOKYITHOCTSIM C HOPMAaJIbHBIM paclpeiesieHueM.

2. HezaBucumocTh (HE CBSI3aHHOCTD) paclpeesieHus] HaOJII0ACHHH B Tpymmnax.

3. Hannuue 9acToThl (MOBTOPHOCTD) HAOIIOICHUH.

HopmansHocTh pacnpenenceHus omnpenensercs kpuBoi ['aycca (Jle Maypa), koTopyto
MOKHO onucaTh QpyHkuuen y = f(x), Tak Kak OHa OTHOCHTCSI K YHCIIy 3aKOHOB paclpeesIeHus,
UCIIOJIB3YEMBIX JUIsI MPUOTUKEHHOTO OINHMCAaHUS SIBICHUW, KOTOPbIE HOCST CIIy4ailHBIMH,
BEPOATHOCTHBIN XapakTtep. Ilpeamer MeauMKO-OMOIIOTMYECKUX HWCCIEIOBaHUI — sBICHUS
BEPOSITHOCTHOTO XapakTepa, HOpMaJIbHOE pacipeiesieHue B TaKMX MCCIEAOBAHUSAX BCTPEUACTCS
BEChbMa 4acTo.

Ipunyun npumenenus memooa OUCNepCUOHHO20 AHAIU3A

CHayana ¢popMynupyercs HyJeBas THIIOTE3a, TO €CTh MPEeIoIaraercs, 4To uccienyemMble
(dakTOpbl HE OKAa3bIBAIOT HUKAKOTO BIHMSHHS Ha 3HAYCHUS pE3YJIbTaTUBHOTO MPHU3HAKA U
MOJTyYEHHBIC PA3INYUs CIIyYaiHbI.

3aTem ompenensieM, KakoBa BEPOSITHOCTh MOJYUYUTh HaOtogaemMbie (Uin 00Jiee CHIIbHBIE)
pa3nuyuus pH YCIOBUHU CIPABEIMBOCTH HYJIEBOM THIIOTE3HI.
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Ecnu sTa BeposTHOCTH Mana™, TO Mbl OTBEpPraeM HyJEBYIO TMIIOTE3Y M 3aKIIOYaeM, YTO
pe3yabTaThl MCCIEIOBAHUS CTATUCTUYECKM 3HAYMMBL. DTO €I€ HE O3HAadaeT, YTO JI0Ka3aHO
JIeicTBUE HWMEHHO H3Yy4aeMbIX (DaKTOPOB (3TO BOMPOC, TPEXKIE BCEro, IUIAHUPOBAHHSA
UCCJIEJIOBAHMSI ), HO BCE ’KeE MaJIOBEPOSTHO, UTO Pe3yIbTaT 00YCIOBJICH CIy4ailHOCTHIO.

Knaccuueckuit qucrnepCHOHHBIN aHaIU3 MPOBOJUTCS MO CIECIYIOLINM dTallaMm:

1. ITocTpoeHne TUCIEpCUOHHOTO KOMILIEKCA.

2. Borluncnenue cpeHUX KBaJpaToB OTKIOHEHUH.

3. Beluucnenue nucnepcuu.

4. CpaBHeHUe (AaKTOPHOUN M OCTATOYHOMN JHCIICPCHIA.

5. OreHKa pe3yabTaToB ¢ TOMOIIBI0 TEOPETUUYECKUX 3HAUCHUH pacnpeneicHus Ouimepa-
Cuenexopa.

2.5.3 Pe3yabTaThl U BHIBOJBI:

N3yuuts criocod 06paboTKHU pe3ynbTaToOB CINIAHUPOBAHHOTO 3KCIIEPUMEHTA
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