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1. KOHCIEKT JEKIIUA
1. 1 Jleknus Nel (2 gaca).

Tema: «Teopusi mogodousi 1 MoeTUPOBAHM €

1.1.1 Bonpochl JieKnum:

1. UcTopuueckast cripaBka

2. MaremaTtnueckoe U pusudeckoe mogodue
3. Teopembl mom00us

4. MoaenupoBaHue

1.1.2 KpaTkoe conep:kaHue BOIPOCOB:

1. UcTopnueckasi cnpaBka

OKkoJ10 cTa MATUIIECATH JIET Ha3aJ] BO3HUKJIA HOBasl 00J1aCTh HAYYHOT'O 3HAHUS — YUCHHE O
no100UN SIBICHUIA.

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

[TonoOHBIMU HA3bIBAIOTCS SBJICHUS, NPOUCXOASIINE B TE€OMETPHUYECKH MOJOOHBIX
CHUCTEMax, €CJIM Y HUX BO BCEX CXOJICTBEHHBIX TOUYKAX OTHOIICHUS OJHOMMEHHBIX BEJTUYUH €CTh
MOCTOSIHHBIE YKClia. DTH OTHOILLIEHUS, TaK Ha3blBa€Mble€ KOHCTAHThI MOJ00MS, HE MOTYT OBITh
BbIOHMpaeMbl MPOU3BOJIHO, TaK KaK BETMUYMHBI, XapaKTEepPU3YIOIIKe SABJIEHUE, BOOOIIE TOBOPS, HE
HE3aBHCHUMBI JIPYT OT JIpyra, a HaXOJSTCS B OMPEACNEHHON CBS3U, OOYCIOBICHHOW 3aKOHAMHU
npupoabl. Bo MHOrux ciydasx 3Ta CBA3b MOXET ObITh BbIpakeHa B BUIE ypaBHeHHs. s
MOMOOHBIX MEXAY COOOU SIBICHHN OHO JOJKHO MMETh OJUHAKOBBIA BUJI. Hamudme Takoro
«ypaBHEHHS CBSI3W» MEXIy (U3NUECKUMH BEJIMYMHAMH, XapaKTepU3YIOIIMMH SIBJICHUE,
HaJIaraeT OnpeaeIéHHOE OTPaHUYCHIE Ha BEIOOP KOHCTAHT MOA00US.

OTH OTHOLIEHMS, TaK Ha3bIBaeMble KOHCTAHTHI MOAOOMS, HE MOTYT OBITH BHIOMPAEMBI
MPOU3BOJIBHO, TAK KaK BETMUMHBI, XapaKTEPU3YIOIIHNE SIBICHUS, BOOOIIE TOBOPS, HE HE3aBUCHMBI
JIpyTr OT Japyra, a HaXxOJSTCS B ONPEICICHHOW CBS3H, OOYCIOBICHHOW 3aKOHaMH TpHUpoAbl. Bo
MHOTHX CITydasiX 3Ta CBS3b MOXET OBITh BBIpR)KCHA MaTEeMaTHYeCKH B BHJE ypaBHeHus. Jlis
MOJAOOHBIX MEXIY COOOU SIBJICHHH OHO JOKHO MMETh OJIMHAKOBBIA BUA. Hammune Takoro
«YpaBHEHHS CBS3W» MEXKAYy (DHU3UYECKUMH BEIWYMHAMH, XapaKTEPU3YIONIMMH SIBJICHUE,
HaJlaraeT OnpeeIeHHOEe OrpaHUYeHHE Ha BEIOOP KOHCTAHT MOA00MS.

Beptpan BbIBen mepByH TeopeMy MOAOOUS Ui cliydas MOAOOUS MEXaHHYECKUX
SIBJICHU.

Hexonst w3 CymeCcTBOBaHMsS MaTEMaTUYECKOM CBSI3M MEXKIY CHIOW, MAaccol H
YCKOPEHHEM, YCTaHABIMBAEMOM BTOPHIM 3akoHOM HperoToHa, bepTpan mokasan, 4To y mogo0HbBIX
SIBIICHUHM KOMIUIEKC BEJIMYMH: «CHIIa*nrHa/Macca®cKopocTh B KBaJpaTe» MMEET OJAHO M TO XKe
3HaYEHHE B CXOJICTBEHHBIX TOYKaxX TMOAOOHBIX SIBICHHUH. OTOT KOMIUIEKC Ha3bIBaeTCs
WHBApPUAHTOM, WJIU KPUTEPHEM MEXaHHUYECKOro mojaolus. B mpupoae cymecTBYIOT TOJBKO Te
MO/I0OHBIE SIBICHUS, Y KOTOPHIX KPUTEPUN OJIMHAKOBBI.

Ecnu Obl pusnueckoe ypaBHEHHE CBSI3U MOXKHO ObUTO OBbI IPeoOpa3uTh Tak, YTOOBI OHO
OBLJIO COCTaBJICHO W3 WHBAPWAHTOB IMOJ00Us, TO 3TO ObLIO ObI 0OIee ypaBHEHHE, YHCICHHO
OJIMHAKOBOE JIJISl BCEX MOIOOHBIX SIBICHUH.

Bropas wucropus mnomobusi ycTaHaBIMBAaeT BO3MOXKHOCTH TaKOro MpeoOpa3zoBaHUs
(bU3nUECKUX ypaBHECHHA.



Ona Obuta BeIBeeHa pyccKuM yueHbIM A. @enepmanom B 1911 r. U HECKOIBKUMH
rojamu 1nosxe, B 1914 r., amepukaHCKUM y4eHbIM BykrnHIIMOM.

B 1925 r. T.A. AdanaceeBa-OpeHdect BbIBesla 00€ TEOpeMbl ISl ciiydass HOJ00Hs
J00BIX SBIIEHUH TPUPOABI M TOKa3aja, 4TO KPUTEPHAIbHOE YpaBHEHHUE COJAEPKHUT, KpoMe
KPUTEPHEB-KOMIUIEKCOB, COCTABJICHHBIX M3 IMEPEMEHHBIX BEJIMYMH, €IIe KPUTEPUU KPaeBBIX
BEJIMYMH U CHUMILUIEKCHl — OTHOILIEHUS OJHOMMEHHBIX BEIMYMH (HampuUMep, OTHOILEHHUS IBYX
CKOPOCTEH, XapaKTepu3ymIIuX sBlieHHe). TeM caMbpIM ydeHHE O CBOMCTBAX MOJOOHBIX SIBICHUMN
B OCHOBHOM OBLJIO 3aBEPIIICHO.

Toryac mocnme BbIBOJAa TMEPBOM TEOpeMbl OHAa Hayala HAaXOJUTh IMPAKTUYECKOE
npUMEHeHHe Il 00paOOTKU OMBITHBIX JMaHSIX B KpuTepusx nomobus. OcOopH Pelinonbiac
BBIPA3WJI 3aKOH JBMDXKEHUS >KUJKOCTU TO TpyOaM onHON oOmieit Gopmyioid, depe3 KpUTEpHid
nonobusi, Ha3BaHOU B MOCIENCTBUU ero uMeHeM. (Okazaaoch BO3MOXXHBIM OOBEIUHUTH TaKUM
IyTEeM BCE YHCICHHbBIC JAHHBIE OMBITOB MO THAPABINYECKOMY CONPOTHBICHHIO, POBEICHHBIX
pPa3IUYHBIMU HUCCIIEJIOBATENsIMU Ha BOJE, BO3JyXe, Mape, pa3iMuHbIX Maciax u T.a4. Ppyx,
u3y4yasi MOPEXOIHbIe KauecTBa Cy/I0B Ha MOJAEISAX, IPEACTABUI PE3yJIbTaThl ONBITOB HAJ HUMHU B
BUJIE KPUTEPHUATILHOTO YPaBHEHHUS, KOTOPOE MOXKHO ObUIO pPACIpOCTPaHUTh Ha Cyna, MOA0OHBIE
10 CBOEH reOMEeTpUYecKOil KOH(UTypaluy UCTIBITAHHBIM Mojes M. Harr Bergaronuiicst yaeHsli
H.E. ’KykoBckuii moj0oXuil TEOPUIO TIOI00MS B OCHOBY KPUTEPHAIBHONW 00pabOTKH OMBITOB HaJl
MOJIEJISIMU CaMOJIETOB, TPOAYBAEMBIX B a3pOIMHAMHUECKON TpyOe, AJIs TOrO, YTOOBI PE3yIbTaThI
OTIBITOB MOKHO OBLJIO MEPEBECTU Ha MOJOOHBIE MOJIETISIM CAMOJIETHI.

Bropas Teopema y3akoHHIIA 3Ty IPAKTUKY.

Kputepun mnonoOus BbIBOAATCS M3 ypaBHEHHUS cCBs3u. llosTomy nisi modydeHHs
KPUTEPHAIBLHOTO YpaBHEHHUS HAJ0 3HATh ypaBHEHHE, CBA3BIBAIOIIEE MEXIY COOOM BETMUMHBL,
XapaKTEepU3YIOIINe paccCMaTpUBAEMOE SBIICHUE.

Jns OGonpIIMHCTBA (DU3MUYECKUX SBICHUWA YpaBHEHHsS CBSI3M  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 YPaBHEHUH CBS3U, W TPEOOBAJIOCH €Ie MOATBEPIUTH, YTO KPUTEPHH,
BBIBEJICHHBIC M3 TNPOUHTETPUPOBAHHBIX YPABHEHUH, OCTAIOTCA Te JK€. OTO OBUIO cIelaHo
I1.K.KonakoBbIM.

Taxkum 06pa3oM, oka3aioch BO3MOKHBIM PE3YJIbTAThI ONBITOM HAJ| SIBICHUSMH BBIPAXAaTh
B KPUTEpUSAX MOA0OMS, MONyuyeHHBIX M3 IuddepeHnaNbHbIX ypaBHEHUHN, aHATUTUYECKOE
peleHre KOTOPbIX He YAaJI0Ch HAWTH.

Jli1s Toro yToOBI UMEThH MPABO MEPEHOCUTDH JAHHbBIE OIMBITOB, MPOU3BEICHHBIX Ha OJHOM
o0BeKTe, HA JApPYyrue, eMmy MoJ0OHBIE, B BBIBOJAX TEOPHUH IMOAOOHS HE XBaTajo €Ie OIHOTO
Ba)XHOT'O 3BEHA.

[lepBas u BTOpast TeOpeMbl OBUIM BBIBEJICHBI HA OCHOBE IMPEINOI0KEHUS, YTO peUb HJIIET
0 SIBIEHUSX, M0J00ME KOTOPBIX 3apaHee u3BecTHO. OOe Teopembl yCTaHABIMBAIOT CBOWMCTBA
NOJOOHBIX SBICHH, HO OHM HE YKa3bIBaIOT CIIOCO0a Uil ONpeNeNIeHusl TOro, MOJA00OHbI U J1Ba
KaKUX-HUOY/b, CpPaBHUBAEMBIX MEXIy cOOOH, sBIeHHUS. Bo3HHMKaeT Bompoc, MO KakuM
IpU3HAKaM MOXHO y3HAaTh, UTO SIBJICHUS OJOOHBI IPYT JAPYTY.

OTBeT maeTcst TpeThel TeopeMoit o 100usI.

TpeTbst TeopeMa yCTaHABIMBAET YCIOBHS, HEOOXOIMMBIE M JOCTaTOYHBIE IS TOTO,
yTOOBI SIBJICHUS OKAa3aJMCh MOAOOHBIMH npyr Apyry. dopmymupoBka ee Obuia gana M.B.
KupnnuesiM 1 A.A. I'yxmanom, a noka3atenscTBo TeopeMsl — M.B. Kupnngessim B 1930 1. (8).

Enunuunoe sBlieHUE BBIIEISETCS U3 TPYIIbI SBICHUM, MOAYMHSIOUIMXCA OJHOMY U
TOMY K€ YpPaBHEHHIO CBSA3HM, NPUCOCIUHEHHWEM K HEMY YCJIOBUH OJHO3HAYHOCTH, WIIH
MOHOBAJICHTHOCTH. B MomoOHBIX SBICHUSAX BXOASIINE B YCIOBUS OJHO3HAYHOCTHU BEIMYUHBI,
MOHOBAJICHTHI, OYEBHUJIHO, TOJDKHBI OBITh MOI00HBI. [lanee, cormacHo mepBoi Teopeme, peaabHo
CYILIECTBYIOIINE MOAOOHBIEC SBJIECHUS TOJKHBI MMETh OJMHAKOBBIE KPUTEPUU, B TOM YHCIE U
COCTaBJICHHbIE MOHOBAJICHTOB.



TpeThbs TeopeMa JT0Ka3bIBACT, UTO JIBA ITU MPU3HAKA JTOCTATOYHBI JJIsI TOTO, YTOOBI UMETh
IIPAaBO CUUTATH SBJICHUS MOJOOHBIMU.

CrhenaHHbIi UCTOPUYECKHI OTOOp IMOKAa3bIBAET, YTO YYEHHE O IMOAOOMH, COCTOSIIEEe
NEepPBOHAYAJIbHO B U3YYEHHUU CBOMCTB MOJOOHBIX SIBJICHMI, MOCTENEHHO CHAEIAlIOCh YUEHHUEM O
MeToax 00paboTKH (HPU3NYECKUX OMBITOB. DKCIEPUMEHTATOP CTABUT Mepes co0oW cleayromme
BOMNPOCHI: KaKHWe BEIMYMHBI HAJ0 U3MEPATH B OMBITE, KaK CleayeT 00padaTbiBaTh Pe3yJabTaThl
OTIBITA M HA KAaKHE SBIICHUS UX MOXXHO PACIIPOCTPAHSTh.

Teopus mogo0us JaeT OTBET Ha BCE TPU BOMpoca.

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

2) OOpabarbiBaTh pe3yjibTaThl OMNbBITA  HAT0 B BHJE 3aBUCUMOCTH MEXIY
KPUTEPHUSMH TOJOOUS JUISI TOTO, YTOOBI MOXKHO OBIJIO PAaCHpOCTPAHUTh MX Ha BCE MOJOOHBIC
SIBJICHUSL.

3) [TomoOue ke MX MOXHO Y3HaTh MO MOJAOOHI0 MOHOBAJIEHTOB U OJIMHAKOBOCTH
MOHOBAJICHTHBIX KPUTEPUEB.

[TpumeHenne Teopun MO00MS K SKCIIEPUMEHTY Pa3BUBAIOCH B IBYX HAINPABJICHHSIX.

C onHOHM CTOPOHBI, TEOpPHUS MOMOOMS TMPOHMKIA B (PU3MKY M CTajla HAYYHOH OCHOBOM
¢dusnueckoro sxkcnepumenta. C Ipyroil CTOPOHBI, OHA HAIIJIa MPUIOKEHUE B TEXHUKE, OTKPHIB
BO3MOXKHOCTh M3y4aTh pa3InYHbIe TEXHUYECKUE YCTPOIICTBA HA MOJIETISX.

Mexny o0OMMH HampaBlIEHUSMHU HENb3sl MPOBECTH PE3KYI TpaHMIly, TaK Kak
9KCIIEPUMEHT B (PU3HMKE YacTO CTABUTCS HaJ MPOLECCAMU, MPOTEKAIOINIMMH B Pa3IMYHbIX YacTsIX
TEXHUYECKUX YCTPOMCTB, MOJEIH K€ MOTYT OXBaThIBaTh TAKKE HE TOJIBKO IENIbIE TEXHUYECKHE
0OBEKTBI, HO W OTHAEIbHBIE YaCTH MX. TakuM oOpa3oM, TeOopus MOI00Ws ciaenasach HaydHOU
OCHOBOI OJTHOBpEMEHHO KaK (PU3NYECKOT0, TAaK U TEXHUYECKOTO IKCIIEPUMEHTA.

Ocy1iecTBUTh BCE YCIOBUS TMOAOOMS, HajaraeMble TPEThEeW TEOpeMOM, 4acTo ObIBaeT
OYCHb TPYAHO.

[ToaToMy pa3BUTHIO MOAEIUPOBAHUS BechMa crocoOcTBoBan paspaborannsiii B CCCP
METOJI HE TOYHOTO, a MPHUOIMKEHHOTO MOACIUPOBAHUS, KOTJa COOIOAIOTCS HE BCE YCIIOBUS
nofoOust U B MOJENU TOJIy4aeTcssi ¢ JOCTATOYHOM MJIsi MPAKTHUKU TOYHOCTHIO MPUOIMKEHHOE
nojgo0ue.

DKcrepuMEeHTalIbHas MpPOBEpKa MPUOIMKEHHOTO METOJa MOJENIMPOBAHUS IMPOBEIEHA
ObLTa B UPOKUX Tpenenax M.A.MuxeeBbIM U pSAIOM JPYTUX COBETCKHX yUEHBIX.

Wuoraa uccienoBaTeNnio MPUXOJUTCS. BCTPEUAThCS C SIBICHUSIMH, HACTOJIBKO CIIOKHBIMHU
¥ HEW3yYeHHBIMH, YTO HX HE YAAeTCS BBIPA3UTh IMOCPEICTBOM MaTeMaTHYeCKUX (HOpMyn u
COCTaBUTh YpaBHEHHE CBS3M Mex1y ¢Gu3MuecKUMU BenuuuHamu. Jlns cioywaeB, Korna
OKA3bIBAETCSI BO3MOXKHBIM yYCTaHOBUTH T€ (PM3MUECKUE BEITUYHHBI, KOTOPBIC TOJKHBI OBLTH OBI
BOWTH B ypaBHeHHE cCBs3H, X.beprpan B 1878 r. mpemnoxun MeTOJ, MO3BOJSIOMIMN U3
COOOpaXeHW1 0 Pa3MEPEHHOCTH OTACIbHBIX UYICHOB (PM3MUYECKOTO YpPaBHEHHS OTTajgaTh BHI
KpUTEPUEB MOA00US U MO100paTh SMIUPUUECKOE YpaBHEHHUE CBSI3U JJI1 HUX. DTOT MyTh MEHEe
HAJICKEH, U €T0 CIIEeIyeT MPUMEHSIThH TOIBKO MPU HEBO3MOXXHOCTH BHIBECTH YPABHEHHUS CBS3H.

Tak kak y4eHHe O pa3MEPHOCTH JIeKaT B OCHOBE (PU3UUYECKUX YpaBHEHHI, TO C HETO MbI
¥ HAYHEM U3JI0’KEHUE YUCHHS O TI0I00UH.

2. MaremaTnueckoe u pu3nieckoe noaodue

Bceskoe sBiieHne mpupoabl NpeacTaBiseT co0oil cucteMy MaTepuaibHBIX Tell, KOTopas
MPETEPIICBAET ONPEACIICHHOE U3MEHEHUE COCTOSIHUS, IOCKOJBKY B HEW MPOTEKAIOT PA3IUYHBIE
MIPOLIECCHI.

SIBneHusIMHM, TOJOOHBIMH JpPYr OPYTy, Ha3bIBAIOTCA CHCTEMBI TeJ, T'€OMETPHUYECKU
NMo0OHBIE APYr IPYTY, B KOTOPBIX MPOTEKAIOT MPOLIECCHl OJMHAKOBOM MPUPOJBI U B KOTOPBIX
OJTHOMMEHHBIC BEJIMYMHBI, XapaKTEePU3YIOIIHUE SIBICHHUSA, OTHOCATCA MEXIy Cco00ll Kak
IIOCTOSIHHBIE YUCIIA.



NubiMu CJIoOBaMH, MOXKHO OHpeI[eJII/ITB HOI[OGI/IG SBJICHHUA TakK: ABJICHUC, HO,Z[O6HO€
33JJaHHOMY, MOXET OBITh TOJYYCH ITyTEM TaKOTO €ro MpeoOpa3oBaHus, KOTa pa3Mep KaKIoH ee
BCJIIMYUHBI N3MCHSCTCA B OHpCHGHeHHOG YUCII0 pa3

Takoe mpeoOpa3oBaHNME HA3bIBACTCS TTOJOOHBIM MPEOOpa30BaHUEM SIBJICHUS.

[lonarue momoOHOro mpeoOpa3oBaHUsl MEPBOHAYATIHLHO BO3HHMKIO B T€OMETPHHM, 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 H300paKEeHUsS €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 JBMXKYIIMXCS TEJI MapaluiebHbl W IPONOPIMOHAIBHBI 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 SIBJICHHA MACChl TOXKE OTHOCSATCS
MEXIYy COOOH Kak TOCTOSHHOE YHCIIO; €CIH K€ HWMEET MECTO TEUYCHHE CIUIONIHOTO Tela,
KaIeJbHOW WM Ta3000pa3HON KHJIKOCTH, TO INIOTHOCTH W KO3((UIIMEHTHI BI3KOCTH BO BCEX
CXOHBIX TOYKaxX HO,Z[O6HBIX CHUCTEM UMCHOT IMOCTOSIHHOC OTHOIILICHHUC.

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 BCJINYHH: TeMnepaTyp, TCITJIOBBIX IIOTOKOB,
TEIJIOEMKOCTEH, K03 (OUIIMEHTOB TETIONPOBOIHOCTH H T.]I.

O06o03Havasi 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:

1 14 ”n 4 "
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;— =C,— =C,;",=C;1 T.J., TAC OAHUM H J[BYMs IUTPHXaMH 0003HaYEHbI
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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.

O060011as cka3aHHOE, MOXKHO T0/100Ue SBICHUI ONMPEAETUTh, KaK MPOTOPIHOHATBHOCTh
Ipyr JOpyry BCEeX BEIMYMH, XapaKTepH3YIOUIMX SBJIEHWE, npudeM KodddummeHt
MPOMOPIMOHAILHOCTH COXPAHSIET TOCTOSHHOE 3HAYeHHE BO BCEX TOYKAX CHCTEMBI IS
OTIPENICIICHHOTO HAWMCHOBAHMs BEIMYWH, HO SBISCTCS PA3IMYHBIM I BEIMYMH Pa3HOTO
HAUMEHOBAHMSI.

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

Ha HHMX TakXe MOXHO pacHpOCTPaHsATh MPaBUJIO 3aMELICHHs BEIUYUH. DTO NPaBHIIO
MOKHO INPUMEHSATh, KOIZIa paccMaTpuBaeMasl Cpela IpPEeIoJiaraercs CIUIOIIHBIM TEJIOM, T.€.
Korja HaOJrofarenb UMEeT 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 MEXIy MOJIEKYJIaMH, JUIsl TOTO, YTOOBI
MOKHO OBLIO paccMaTpuBaTh TEJIO CIJIOIIHBIM, KaK KOHTUHYYM, U OJHOBPEMEHHO HACTOJIbKO
MaJlbIM, YTOOBI K HEMY C JIOCTaTOYHOM CTENEHbIO TOYHOCTU MOXKHO OBUIO MPUMEHATH (HOPMYIIbI
TG depeHIMaTBHOT0, @ HE Pa3HOCTHOIO HcuucieHus. Takum oOpa3oMm, B pusmnke dx ectb XoTd
U OYEHb Majas, HO KOHEYHass BEJIUYMHA M, CIEJ0BATEIbHO, JOJDKHA paccMaTpuBaThbes, Kak
pa3HOCTh X2-X;. [IoaTomy
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X, X X, —x _dx .
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[TonoOHBIM ke oOpazom dy=y,-y; H, CJIEIOBaTEIbHO, K HEMy MPUMEHUMO
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BooOuie rosopsi, moJoOHBIX Ipyr ApYyry SIBJICHHM ObIBaeT HE [JBa, a 3HAUUTEIbHOE
KOJINYeCTBO. MBI Oy/ieM TOBOPHUTb, YTO OHHM COCTABIISIOT IPYITY OJXOOHBIX SIBICHU.

CpaBHuBas Bce WIEHBI IPYIIbI C OAHUM SIBIEHUEM, KOTOPOE CIIY>)KUT 00pa3LioM JUIsl HUX,
3aMeyaeM, YTO IIPU epexoe OT OJHOro, NoJ00HOro 00pasiia ABJICHUS K JPYroMy, K TPETbeMyY U
T.J. KOHCTAHTbI MOJ00Ms KaXAbl pa3 MOJy4yaroT ApPYyroe 3HAa4eHHE, COXpaHss B TO XK€ BpeMs
CBO€ CBOMCTBO — OBITh IIOCTOSIHHBIMHU BO BCEX TOUYKAaX Kax/10i cucTeMsbl, oJ00HOH 00pasiy.

OObenuHsAs mepexo] OT sABJIEeHUs o0pa3la KO BCEM IOAOOHBIM €My, Mbl MOXEM
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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 OTHOCUTEJIBHOW CUCTEME, MPUTOJHOM TOJBKO Uil OJHOTO SIBJICHUS 3TOrO Kjacca. s aToro
BBHIOCpEM 32 CIWHUIBI HM3MEPEHUs BEIMYMH PAcCMATPUBAEMOW CHUCTEMBl 3HAYCHUS DTHX
BEJIMYMH B KaKUX-HUOY/Ib TOUKaX camMoil cucTemMbl. OTMETUM UX MOACTPOUYHBIM HHACKCOM (0).
Torna Bee Benuuunbl ', w',m’ v gpyrue ajs NEpBOro ABJICHHS II0JyYaT YMCICHHbIE 3HAYCHHMS:
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Eciii BO BTOPOM SIBJIEHMH 3a €IMHMI(BI M3MEPEHUS BEJIMYUH BLIOpATh MX 3HAUECHUS B
CXOJICTBEHHBIX IIEPBOM CUCTEME TOYKAX, TO X 3HAUECHHS B OTHOCHTENILHBIX €INHHUIAX OYIyT
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OueBuano, L", W" u 1. 1. 6ynyr e ke, uro u L', W's nepsoii cucreme.
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To xe camoe TONyYUTCS AJIS JTFOOBIX JAPYTUX BEIUYMH, XapaKTEPU3YIONIUX MMOT00HBIC
SIBIICHUSL.

[ToaToMy 3HAUKH, OTMEUAOLIME, K KAKOMY W3 SBJICHUNA OTHOCATCS BeauuuHbl L, W u T.
1., MO’)KHO OTOpPOCHUTD, TaK KaK MpU MEPexoJ]ie OT OAHOIO SBJICHHS K IPYroMy, eMy MOJI00HOMY,
BCE BCIIMYHMHBI, BHIPAKEHHBIC B OTHOCHUTENBHBIX CIWHUIAX U3MEPEHHS, OCTAaHYTCS 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 MOMOOUS» M «WHBAPUAHT
[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 IS Pa3HbIX TOUEK CHUCTEMBI, TOCKOJIbBKY OH
n300paxkaeT OJHY U3 BEJIMYMUH 3TOW CUCTEMBI, UMEIONIYIO pa3HOE YHCICHHOE 3HaYeHHE B Pa3HbIX
TOYKAX CHCTEMbI; HO OH HE€ MEHSETCS MPU MEePexoje OT OJHOTO SIBICHHS K JIOOOMY Ipyromy,
nonobHomy emy. lMHaue roBopsi, OH COXpaHSIET OJHO M TO e 3HAUCHHE 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 PA3THUYHBIX
BOIPOCOB OKa3bIBAaETCs y1I00HEE B CMBICIIE POCTOTHI U3II0KEHUS.

Bo3sBpamiasice k onpeaeneHu0 mogo0us yepe3 KOHCTAHTBI MOA00Us, OTMETHM, YTO Ha
NEepBBINA B3I BHIOOP BCEX KOHCTAaHT MOJ0OOMSA 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, HA3bIBa€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 ONpeiesieHHbIe OTPAaHUYEHUSI.

Haxoxxnenne  3aBUCMMOCTH ~ MEXJAY  KOHCTaHTaMH  MOAOOUS,  BBI3bIBAEMOM
CYILIECTBOBAaHHEM YpPaBHEHHMsSI, CBS3BIBAIOIIETO MEXIy COOON XapakTepusyIolue sIBICHUE
BEJIMYMHBI, COCTABIISIET COJICPKAHUE TEOPEMBI MTOA00HUs, KOTOpas OyJIeT U3JI0KeHa B ClieIyIolen
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 IOJIy4aTb
pa3iIuyHbIe YaCTHBIC BU/BI B 3aBUCUMOCTH OT TOTO, K KAKMM YaCTHBIM BHJIAM SIBJICHUU JAHHOIO
KJlacca OHM OyayT mpuiaraTbes. Tak oOIue ypaBHEHHs MEXaHUKU NIPUHUMAIOT BUJ ypaBHEHUs
HaBne-CTokca B NMPUMEHEHHH K TEUYEHHMIO >KUIKOCTH, BHJ ypaBHEHHS KoJieOaHUUW ympyroi
cpelpl U T. II. OTH BUABI SBICHUN COJEPKAT OTIEIIBHBIC CBOWCTBA OJHOTHUIIHBIX SIBICHHH,
OTJIMYAIOIIUXCS APYT OT Apyra TOJNBKO 3alaHUEM Pa3JIMYHBIX YCIOBUI OJHO3HAYHOCTHU SBJIICHUM.
W1, HakoHel, eAMHUYHBIEC 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 u3naratbcs cliepBa A caMblX OOIIMX 3HAKOB NPHUPOABI 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 HanOO0JI€€ BayKHBIE CTOPOHBI YUEHHS O OI0OUH.

3 Teopembl moxo0us

st oGecrieueHnss MakCUManbHON 3((HEKTUBHOCTH (B IIMPOKOM CMBICIIE CJIOBA) JTIOOBIX
HKCIIEPUMEHTAIBHBIX HCCICIOBAHNN 3TH MCCIIEOBAHUS HEOOXOJMMO OPTraHU30BaTh TaK, YTOOBI
MOKHO OBUIO ONpENEeNUTh KPUTEPUH TNOA00MS U TMPEACTaBUTH IOJTYYECHHBIE pPE3yJIbTaThl
KPUTEPHATBHON (PYHKIIMOHAIBHOW 3aBUCUMOCTH. Takol MOAXOJI MO3BOJIAET MPH OTPAaHUIEHHOM
YHclie OSKCIEPUMEHTOB JaTh OLEHKY XoJa Ipollecca WM TOBEACHUS CHCTEMbl MpHU
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 CYWecmeo8anusi 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 1 00CMAMOUHBIX 05l CYUecmeosanusi no0oobus. Takue yCIOBHs BKIIOYAIOT B
ce0st Hapsay ¢ TpeOOBaHHEM PAaBEHCTBA KPUTEPUEB MTOT00MS CONIOCTABIIAEMBIX ITPOLECCOB TAKKE
U OIpeJeNieHHbIE TOTOJHUTENbHbIE TPEOOBAaHUSA K YCIOBHUSM OJHO3HAYHOCTH — TpeOOBaHUS
000U HAYaJIBbHBIX M TPAaHUYHBIX YCIOBUH COMOCTABIIEMBIX MPOIECCOB (2 IPU COOIOICHUH
TeOMETPUUYECKOTO MOI00UsS — U MOA00US T€OMETPUUYECKUX XapPaKTEPUCTUK COOTBETCTBYIOIIMX
IPOCTPAHCTBEHHBIX o01acTeit).

W3nosxeHHbIe BbIIIE TOJOKEHUS OTHOCUTENFHO HEOOXOAUMBIX U TOCTaTOUYHBIX YCIOBUI
10100Ms1 OOBIYHO CUCTEMATU3UPYIOTCSI B BHJIE IIEPBOM, BTOPOU U TPEThEH TEOPEM O MOJO0UU;
HepBbIE IBE TEOPEMBI OMPEACNAIOT HEOOXOAUMbIE, TPETbs — HEOOXOOUMBbIE M JOCTAaTOYHBIC
ycioBus nonoous (BeickaspiBaroTcss cOOOpaXeHusi, UTO TOJIBKO BTOPasi TeOpeMa 01001 MOXKET
paccMmaTpuBaThCsi Kak TeopeMa B TOM CMBICJIE, B KakOM OTO TOHATHE YHOTpeOnsercs B
MaTeMaTHKe, a MepBas M TPETbS TEOPEMBI SBIAIOTCS MPABHJIAMH BBISBICHUS U OOECIICUCHHS
nonobus. B 1aHHOM M3T0KEHUU COXpaHseTcs Hanboliee paclpoCTpaHeHHAs TEPMHUHOJIOTUS —
BBesieHHOe enle M. HproToHOM 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, YUCIEHHO OJIWHAKOBBIE s TOJNOOHBIX sBieHuWid. [lepBas Teopema momoOus
Ha3bIBaeTcCs Takke TeopeMor Herotona winu Herotrona—beprpana.



[lepBas Teopema mogoOust yTBEp>KIAeT, YTO IJsi SABJICHHH (OOBEKTOB, IMPOIECCOB),
HOJOOHBIX B TOM MJIM HHOM CMBICJE, CYIIECTBYIOT OAMHAKOBbIE KpUTEpUU MOH00US —
UJCHTUYHBIE 110 (OpMe aNredpanyecKoi 3alucu U paBHbIE YHCIEHHO Oe3pa3MepHbIE CTENIEHHbBIE
KOMILIEKCHI (TIPOM3BECHHSI WIIM OTHOLICHMS) ONpEIENCHHbIX Ipynn (pu3nueckux (hakTopos,
XapaKkTepu3yromux 3Tu sBieHud. Dopmynupys HeEOOXOIHMMBbIE YCIOBUS CYIIECTBOBAaHUS
noao6us (OAMHAKOBbIE KPUTEPUH NOJ00MS y MOJOOHBIX SBJICHUI), 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
BCTpEYAIOLIasicsl IOJ Ha3BaHMEM T-TEOPEMbI, HMMEeT CIEAYIOIIUNH 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 cHUCTeMEe EAMHMI, MOXXET OBITh IPEACTABICHO 3aBUCHUMOCTBIO MEXAY
KPUTEPUSIMH TOJOOMS, T. €. 3aBHCHUMOCTBIO, CBS3bIBAaIOLICH Oe3pa3MepHble BETUYUHBL,
oIpeieIeHHbIM 00pa30M MOJIY4YEHHbIE U3 YYaCTBYIOIUX B MpoOIlecce MapaMeTpoB. Tak ke Kak u
nepBasi, BTOpasi TeopemMa MoJ00KsI OCHOBBIBAETCSA HA MPEANOCBUIKE, YTO (DAaKT MomoOus Mexmay
polLeccaMl HU3BECTEH, WU YCTaHAaBIMBAE€T YUCIO KPUTEPUEB MOAOOMS U CYIIECTBOBaHUE
OJTHO3HAYHOM 3aBUCUMOCTH MeXAy HUMH. IIpu 3TOM BBIpakeHUs il KPUTEPUEB MOA0OMS
MOTYT OBITH IIOJIyYEHBI, €CIM H3BECTEH COCTaB MapaMeTpoB ((pakTOpoB), y4aCTBYIOIIUX B
paccMaTprUBaeMOM IIpoOLiecce, HO HEM3BECTHO €ro MaremaTtuieckoe omucaHue. Teopema 3rta,
OJIHAKO, TaKXe Kak M IIepBasi, HE YKa3blBaeT CIOCOOOB BBISABICHUS NOJO0US MEXAY
COIOCTaBJISIEMBIMH ITPOLIECCAMU U CIIOCOOO0B peanu3aliy o100us Ipu MOCTPOSHUN MOJETIEH.

Bropas Teopema ycTaHaBIMBaeT BO3MOXHOCTH TIIPEJICTABICHUS HHTETpana Iud-
(bepeHIManbHOro ypaBHEeHUs (pu3nuecKkoro mpouecca He Kak (PyHKIIMM IapaMeTpoB Mpoliecca u
CUCTEMBI, B KOTOPOIl NMPOTEKAIOT 3TU IMPOLECCHl, a KaK (QYHKIUS COOTBETCTBYIOLIUM 00pa3oM
IIOCTPOCHHBIX HEKOTOPBIX O€3pa3MepHBIX BEIMYMH — KpuUTepueB mnopobus. Eciam ucxomnoe
muddepeHaIbHOe  ypaBHEHUE TMPOMHTETPHPOBAHO, TO (DYHKIIMOHAIBHBIE CBS3H MEXIY
KPUTEPHSIMU 1I0J00Ms OyAyT OAHO3HAYHO ONpEENeHbl B COOTBETCTBUU C TEMH JIONMYIIECHUSIMH,
KOTOpBI€ ObUIM MPUHATHI IPU COCTaBICHUM M MHTETPUPOBAHUU JAHHOTO ypaBHeHUs. Ecin xe
muddepeHaIbHOe  ypaBHEHHE OTCYTCTBOBAJIO MJIM HE HWHTEIPUPOBAIOCH, TO BUJ
(YHKIIMOHAJIBHBIX CBSI3€H MEXY KPUTEPUSAMU 000U HE Oy/IET BBISIBICH.

Bropast Teopema ocHOBbIBaeTcd Ha HccienoBaHMAX bykunrema, ®PenepmaHa U
Opendect-AdanacreBoit. Bo3MOKHOCTD pecTaBlIeHUs] HHTErpaia Kak (pyHKIMH OT KPUTEPUEB
noo0usl, HaliIeHHBIX U3 TU(HEepeHIMaIbHOI0 YpaBHEHUS, OblIa CTPOTo JJ0Ka3aHa [yl YaCTHOTO
ciydast bykunremom. B 6osee o01ieM BUie 3TO MOJIOKEHNE KaK MaTeMaTuyeckas Teopema Obuio
nokazaHo ®dexnepmanoMm. OpeHpecT-AdaHache-Ba NpuUBeNa J10Ka3aTeNbCTBO B 0O0LIEM BHIE,
II0Ka3aB yCJOBHUS, MPH KOTOPHIX MHTETpall MOKHO TNPEACTAaBUTh KaK (PYHKIHIO KPUTEPUEB
nogobus. OJHOBpEeMEHHO ObLIO IOKa3aHO, YTO U3 COOTHOUIEHWH, YKa3bIBalOIUX Ha
OJTHOPOAHOCTh YPAaBHEHMsI, CBSA3BIBAIOIIEIO (PU3NUYECKUE BEIWYUHBI (OJMHAKOBAas pa3MEpPHOCTH
BCEX WIEHOB YPAaBHEHUs), U U3 BO3MOXHOCTH IMOJIydeHHUs Oe3pa3MepHbIX COOTHOUIEHUH mocie
JIEJIEHUs 3TOT0 YpPaBHEHHU Ha JII000H U3 €ro WIEHOB CJIENYeT BaXXHBIN BBIBOJ O CYIIECTBOBAHUU
OIIPEICIEHHBIX COOTHOLICHUH MEXIy pa3MEpHOCTAMH (QHU3UYECKUX MapaMeTpoB. DpeHdecT-
AdanacpeBoil ObUIO NOKA3aHO, YTO KPUTEPHUM IOJOOMS MOXKHO HAaWTH IPU OTCYTCTBUM AU(D-
(epeHIMaTbHOIO ypaBHEHMs IIpollecca Ha OCHOBE aHalu3a pa3MepHOCTeH (U3MUecKux
BEJIMYHH, YIaCTBYIOIIUX B 3TOM Ipolecce. DTa BO3MOXKHOCTH Obl1a c(hOPMYIHPOBAHA U CTPOTO
JI0OKa3aHa B BHJE TEOPEMbl, HA3BaHHON JI-TEOPEMOM, IOCKOJIbKY YHOMSHYTHIE BBILIE
Oe3pa3MepHbIe TapaMeTphl (KpUTepuu nogo0us) 0603Ha4anuch OyKBOi J.

Tpemvsi meopema nooobus. B Hamboyiee pacmpocTpaHEHHOW (HOPMYIUPOBKE TPEThS
TeopeMa UMEET CIEAYIOIUN BUJ: HEOOXOIUMBIMUA U JOCTaTOUYHBIMM YCJIOBHUSIMM JUISl CO3/1aHUS
noJ00us SABIAIOTCA MPONOPLMOHAIBHOCTh CXOJICTBEHHBIX MAapaMeTpPOB, BXOIALIMX B YCIOBHUS
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OJTHO3HAYHOCTH, U PABCHCTBO KPUTEPUEB TOO0UST COMOCTABISIEMBIX sIBIICHUH. TpeThsi TeopeMa
nonobuss MMEHyeTcsl Takxke o0paTHOMl Teopemol momoOust win Teopemoil Kupnuuea—
I'yxmaHa.

HanomHuMm moHATHA yciaoBHM onHO3HAYHOCTH. M3BectHo, uTtOo nuddepeHuanbuoe
ypaBHEHHE B OOIIEM BHJIE OMHCHIBAET OCCKOHEYHOE MHOXECTBO IPOIIECCOB, OTHOCSIIUXCS K
naHHoMmy kiaccy. Tak, Hampumep, auddepenunansHoe ypaBHeHue u=iR+Ldi/dt ommcwiBaeT
M3MEHEHHE TOKa BO BPEMEHU B IIENH C aKTHBHBIM CONPOTHBIICHHEM R M MHAYKTUBHOCTBIO L mpu
BKJIIOUEHUU €€ Ha u=const. Y CIOBHUS, ONpeaesiolie HHAUBUIYyalbHble 0COOEHHOCTH IMpoliecca
WIH SIBJICHHUS W BBIICISIIONINE W3 OOIIEro Kiacca KOHKPETHBIH MPOIECC WIH SBJICHHE,
HA3bIBAIOTCS YCJIOBUSMH OJHO3HAYHOCTU. K HHM OTHOCATCS CleAyIolue, 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 MaTEMATUYECKU (DOPMYIMPOBATh YCIOBHSI OJHO3HAYHOCTH B OOILIEM
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 MCCJEIOBAaHUEM I0JIeH, OJHO3HAYHOCTH IPOLIECCOB OMpENENseTcs 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 MOCIEAHEe BpeMs, UMEET BH,
OTBEUAIOLIUI pealbHBIM 33Ja4aM CO3JaHMs Pa3IM4HbIX Mojenel. JTa GopMyIUpOBKa COCTOUT
W3 TPEX MOJTOKECHUM.

Ilonoowcenue 1. Co3ganne MOAEIN BO3MOXKHO, €CIIM KpUTEpUH mojo0us (0e3pa3mMepHble
KOMIUIEKCBI), COCTaBJCHHBbIE W3 BEJIMYUH, XapaKTEpPU3YIOUIUX TOJIBKO €€ CHUCTEMHbIE
(MaTepualbHble) MapaMeTpbl, pPaBHbl COOTBETCTBYIOIIMM KPUTEPUSM H3y4aeMOM CHUCTEMBI-
OpUTHHANA.

Ilonoowcenue 2. B co3maHHOM, COIJIACHO IIOJIOKEHUIO 1, MOJENM OCYLIECTBIECHHE
MPOLIECCOB, MOJOOHBIX OpPUTHHAILY, BO3MOXKHO, €CIIM KPUTEPUH MOI00Us, COIepKalIiue TOJIbKO
napaMeTpsl IMPOLIECCOB, BXOAAIIMX B YCIOBUS OJHO3HAYHOCTM M B TOM YHUCIIE HaudajlbHbIE
ycnoBus (apaMeTpbl UCXOJHOTO PeXUMa, BOSMYIIICHUH U OTKJIOHEHUH ), B MOJIEIN U OpUTHHAIIE
COOTBETCTBEHHO OJINHAKOBBI.

Tonooxcenue 3. OcymniecTBICHUE MOJCIH COTTacHO (GopMynmupoBkam 1 ¥ 2 BO3MOXKHO B
CKOJIb YTOAHO CJIOKHBIX aHU30TPOIIHBIX, HEJIMHEHHBIX WM UMEIOLIUX BEPOSTHOCTHO 3aJlaHHBIE
mapaMeTpbl cHCTeMax MpH YCJIOBHHM OJHOBPEMEHHOTO COOIOJEHUS COOTBETCTBYIOIIMX
JIOTIOJTHUTEIBHBIX TOJIOKEHUAX, CHOPMYITHUPOBAHHBIX HHUXKE.

Jlononnumenvhvie nonodcenuss meopuu noooodus. ITU TOJOKEHUS, MPEATOKEHHBIE
aBTOpaMH, paclpOCTPAHSAIOT TPU OCHOBHBIE TEOPEMBI OJO00US HA CUCTEMBI CIIOKHBIE, CUCTEMBI
C HENMHEWHBIMHM WJIH MEPEeMEHHBIMU MapaMeTpaMH, aHHU30TPOIMHbBIE CHUCTEMBI (C pa3lIUYHBIMU
CBOMCTBAaMM IO pa3IM4YHBIM KOOpPAMHAaTaM) M CHUCTEMBI, 3aJaHHBIE BEPOSITHOCTHO-
CTaTUCTUYECKUMU XapaKTEPUCTHUKAMU; STUMH K€ MOJOKEHUSIMHU OXBaTHIBAIOTCS T€OMETPUUYECKU
HENOJJOOHbIE CUCTEMBI, @ TAKXKE CHUCTEMBI, U1 KOTOPBIX MOHATHE MOAO0OMS MHTEPIPETUPYETCS
HIMpe, YeM MOCTOSHCTBO MAacCHITA0OHBIX KO3(PPHUIIMEHTOB B CXOJCTBEHHBIX TOUKaX MPOCTPAaHCTBA
apaMeTPOB B CXOJICTBEHHbIE MOMEHTHI BPEMEHHU.

B ofmem ciydae NOMOJHUTENbHBIE MOJOXKEHUS TEOpUH Moao0us (GopMmynupyroTcs
CJIeIYIOIIUM 00pa3oM:
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— nooobue CIOMCHLIX TEOMETPUUECKH TMOAOOHBIX M H30TPOMHBIX CHCTEM C
JECTCPMUHUPOBAHHO  OMNPEJCIICHHBIMH  JIMHCHHBIMH  MJU  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 OMPECIICHHBIMH 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 TEOMETPUUECKU
MMOJOOHBIE CIIOXKHBIE CHCTEMBI, 3aJlaHHbIe JICTCPMHUHHPOBAHHO, €CJIU  BBITOJHACTCS
JIOTIOTHUTEIFHOE YCIOBHE OOECTEUYCHHS OJWHAKOBOH  OTHOCHUTENHHOW  QHW3OTPONHH B
COITOCTABJIIEMBIX CHCTEMAX

— ycnosusi nodobdusi NETEPMHUHHPOBAHHO OIPEACTICHHBIX 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
CYHIECTBYIOT IOJ00OHBIC M3MEHEHHS IMapaMeTPOB MPOIlecca B CXOJCTBEHHBIX TOYKAX 3TOrO
POCTPAHCTBA;

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

4. MoaeaupoBaHue

[Momobue ¢u3MUecKUX MPOIECCOB M CHUCTEM IIMPOKO HCIONIB3YETCS B TEXHUKE IS
WCCJICIOBaHMS METOJOM MOJEIUpOBaHUsA. B Tex ciydasx Korja MaTeMaTHYecKoe pelieHue
3ada4u 3any,HHeHO, a TO Hu HOHpOCTy HEBO3MOXHO, BIIOJIHE C€CTCCTBCHHBIM SABJIICTCA
oOpameHue K OKCICPUMECHTAIBHOMY HCCIAEAOBAaHWUI0O HA MOJCSIX C  IMOCIEIYIOUUM
IepepacyeToM ITOAYYEHHBIX PE3YyIAbTaTOB Ha HATYpPy, KOTOpas SABWJIACH IIPOTOTUIIOM MOJIEIH.
[Tpu 3TOM MOIENTh M HATYypa TOJDKHBI HAXOIUTHCS MKy COOOH B OTHOIIECHUSX TIOIOOUS.

I/ICCJIeI[OBaHI/IC Ha MOACIIAX ITO3BOJIACT yCKOpI/ITB NI 3aMCIJINTH HpOI_ICCCBI, KOTOpBIe B
HaTYPHBIX YCJIOBHSX Pa3BUBAIOTCS CO CKOPOCTHIO, 3aTPYIHSIOIMMX BecTH HaOmroaeHue. [Ipu
HpOBCHeHI/II/I BKCHCpI/IMCHTa HeHOCpeI[CTBeHHO Ha HaTpr IIo4YTH BCEraa HpI/IXO,HI/ITCSI
OTKa3bIBaThCS OT AKTHBHOTO IIOMCKA OINTHMAJIbHBIX KOHCTPYKTHBHBIX peIIeHUuH, HOO0 3TO
CBA3aHO CO 3HAUYUTCIIBHBIMHU ACHCKHBIMHAU 3anaTaMI/I, a HE pCHKO nu HpOCTO HC BO3MOXHO.

Teopus MoaenupoBaHus 0a3MpPyeTCsl HA MPUHIIMIAX, BRITEKAOIINX U3 TEOPHH MOI00HUS.
3TI/I HpI/IHI_II/IHBI 3aKJIFOYaKTCA B CO6JIIO,H€HI/II/I yCJ'IOBI/If/'I, KOTOpBIe OHpCHeJISHOT COOTHOILIICHUA
MEXIy TapaMeTpaMH MOJICIIM M HATYyphl, a TaK e MpaBuiia rmepecyeTa UCCASAyeMbIX BETUYUH C
MOJIeIM Ha HaTypy M oOpatHo. OnHaKo, M3BECTHO, YTO HM OJIHA MOJEIb HE MOXET C
aOCOJIIOTHOW TTOJTHOTOM BOCTIPOM3BECTH HM3YYaeMbId OPHTHHAI — JJII 3TOTO JOJDKHO OBITh
IIOJTHOC UX TOXKICCTBO. HOBTOMy HpI/I MOI[CJII/IpOBaHI/II/I CTapaIOTCSI CO6JIIOCTI/I B MOJACIU IIO
KpallHe Mepe T€ XapaKTePUCTHUKH HATYpPhl, KOTOPHIE SIBISIOTCS HaubOojee CYIICCTBEHHBIMH B
oOmeil kapruHe (uU3MUEeCKOro Impoiecca, oOecrednBas 3aJaHHYI0 TOYHOCTHh PE3YJIbTaTOB
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(HampuMep IpH pacyeTe CTEPKHEBBIX KOHCTPYKIMI MpeHeOperaloT COOCTBEHHBIM BECOM, a MpU
IIPOEKTHUPOBAHNY INIOTUHBI HACHIM PACCMATPUBAIOT KaK paclpeAeICHHYIO Harpy3Ky).

1. 2 Jleknus Ne2 (2 gaca).
Tema: «Du3uuyecKHe, aHAJOTOBbIE 1 MATEMATHYECKHE MOeJN 00bEKTOB U MPOLECCOB U
MaTeMaTH4YeCKHe MOAeTH HAIe:KHOCTH CUCTeM 00CTyKUBAHUS CEJIbLCKOI0 X0351iiCTBa)

1.2.1 Bonpocs! JieKnum:

1. Buasl MogenupoBaHus U UX OCOOEHHOCTH

2. Maremarrueckoe MOJEIMPOBAHUE U €TO OCOOCHHOCTH.
3. ®u3HYeCcKOe MOJICTUPOBAHKE B €T0 OCOOCHHOCTH.

4. MeTopl NOJ00HS B MEXAHUKE.

5. 3akIroueHue.

6. TeopeTnueckue NOSICHEHUS

1.2.2 KpaTkoe conep:kaHue BOIPOCOB:

1. Buabl MoieITMpPOBAHNS U UX 0COOEHHOCTH
Kiaccudukanus BUI0B MOJICTUPOBAHKS CUCTEM S NIPUBEICHA HA PUCYHKE 1.
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Pucynox 1 - Kitaccudukanus BUI0B MOICTUPOBAHUS CUCTEM

Jlemepmunuposannoe  moodenuposanue  OTOOpakaeT  MPOLECCh, B  KOTOPBIX
MpeanoiaraeTcs OTCYTCTBHE  BCAKHX  CIyYalHBIX  BO3ACHCTBHH;  cmoxacmuueckoe
MoOenuposanue OTOOpakaeT BEPOSTHOCTHBIE TPOILECCHl U coObITHSA. B 3TOM ciydae
aHAIIM3UPYETCA PAJ  pealu3aluid  CIydalHOro Tpoliecca ¥ OIEHHUBAIOTCS  CPEIHUE
XapaKTEePUCTHUKH, T. €. HA0OP OTHOPOIHBIX peaTu3aIluii.

Cmamuueckoe modenupoearue CIYKUT IJIA ONMUCAHUS MOBEACHUS OOBEKTa B KaKOM-
au00 MOMEHT BPEMEHHU, a OUHAMUYECKOe MOOeluposaHue OTPaXaeT MOBEICHHE 00bEKTa BO
BpeMeHU. J{uckpemnoe Mmoderupoganue CIYKAT JUISI OINKHCAHUS TIPOIECCOB, KOTOPHIC
MPEANONaralTcs TUCKPETHBIMH, COOTBETCTBEHHO HEMPEPHIBHOE MOJEIUPOBAHUE MO3BOJSET
OTPa3UTh HEMPEPHIBHBIC IMPOILECCHl B CUCTEMAX, a OUCKDEMHO-HENPEPblBHOe MOOeIUPOBaAHUe
UCTIOJIB3YETCSL MJIsi CIIy4aeB, KOTJAa XOTAT BBIICIUTH HAIMYHEC KAaK JHUCKPETHBIX, TaK U
HETPEPBIBHBIX MPOIECCOB.

B 3aBucumocTH OT (GopMBI TpelncTaBieHHS 00BEKTa (CHCTEMBI S) MOXHO BBIIEITUTH
MBICJICHHOE U peallbHOE MOJICIMPOBAHHUE.
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Mbuicnennoe mooenuposanue 4acTo ABISIETCS €IUHCTBEHHBIM CIIOCOOOM MOJIEIMPOBAHUS
00BEKTOB, KOTOphle JTHOO MpPaKTUYECKH HEepealu3yeMbl B 3aJJaHHOM HHTEpBajie BpEMEHH,
au00 CYIIECTBYIOT BHE YCIOBUMN, BOZMOXHBIX ISl UX (U3HUECKOro co3manus. Hanpumep, Ha
0a3ze MBICIEHHOTO MOJEIHPOBaHUS MOTYT OBITh MPOAaHAIU3UPOBAHBI MHOTHE CHUTYyal[uU
MUKPOMHpa, KOTOpPhIE HE TMOAMATCS (UIHYECKOMY OJKCIEPpUMEHTY. MBICIeHHOE
MOJEIHPOBAaHUE MOXKET OBITh pPEATN30BaHO B BHUIE HA2AAOHO20, CUMBOIUYECKO20 W
Mamemamuieckozo.

[lpu wuaensonom moodenuposanuu Ha 0a3e TPENCTABICHUN UYEIOBEKa O PEaTbHBIX
00BEKTaxX CO3/AI0TCS Pa3IMYHbIC HArJsAIHbIE MOJEIN, 0TOOpaXarolue SBICHUS U MPOLIECCHI,
npoTekammue B o0bekTe. B OCHOBY eunomemuueckoco moodenupoeanus WcciefoBaTeeM
3aKJIabIBACTCS HEKOTOpasi THIOTE3a O 3aKOHOMEPHOCTSAX MPOTEKaHUs Ipoliecca B peaJbHOM
00beKTe, KOTopas OTpakaeT YpOBEHb 3HaHUU uccienoBaTens o0 oObekTe u Oa3upyeTcs Ha
NPUYUHHO-CJIEJCTBEHHBIX CBS3SIX MEXAY BXOAOM M BBIXOJOM HM3y4aeMOro OOBEKTa.
['MnoTeTnyeckoe MOJAENIMPOBAHHUE HCIOJIB3YyeTcs, KOTJa 3HaAaHUH 00 00bEeKTe HEeJOCTaTOYHO
JUTSL IOCTPOCHHS (POPMATBHBIX MOJICITICH.

Ananozoeoe mooenupogarue OCHOBBIBACTCS Ha NPUMEHEHUU AaHAJIOTHH pPa3THUYHBIX
ypoBHeW. HauBbICIIUM ypOBHEM SIBISETCS MOJIHAS aHAJIOTHUS, UMEIOUIasi MECTO TOJBKO s
JOCTaTOYHO TMPOCTHIX 00BekToB. C ycloXHEHHEM OO0BEKTa HCIOIb3YIOT aHaJIOTUU
NOCJEAYIOUX YPOBHEH, KOTJa aHaJoroBas MOJIENIb OTOOpa)kaeT HECKOJbKO JUOO TOJBKO
OJIHY CTOPOHY (YHKIIMOHHUPOBAHHS 00BEKTA.

CyliecTBEHHOE MECTO TIPU MBICICHHOM HATrJISIIHOM MOJIEIMPOBAHUN 3aHUMAET
Maxkemuposanue. MBICICHHBII MaKeT MOKET MPUMEHATHCS B ClIydasix, KOTr/ia MpOTeKaronne
B peaIbHOM OOBEKTE MPOIEeCChl HE MOAMAITCS (PU3HUECKOMY MOJSITHUPOBAHUIO, TUOO MOXKET
IpeAlecTBOBAaTh MPOBEICHUIO IPYTrUX BUJOB MOJeNupoBaHHsA. Eciu BBeCTH YyCIOBHOE
0003HaYEHUE OTIEIbHBIX MOHSITUM, T. €. 3HAKU, a TAKXKe OMpPEJCJCHHBIC ONEpalUu MEXKIY
3TUMH 3HaKaMH, TO MOXHO pealii30BaTh 3HAKOBOe MoOeNluposanue 1 ¢ IOMOIIbI0 3HAKOB
0oTOOpakaTb HA0Op MOHATHM — COCTaBIATH OTHEJbHBIC IEMNOYKH W3 CIOB U MPEITIOKEHUH.
Hcnonb3ys onepanuu oObeIuHEHUS, IEPECCUCHHs] U JOTOTHEHUS TEOPUHU MHOKECTB, MOXKHO B
OT/ICJIbHBIX CUMBOJIaX JAaTh OMUCAHUE KAKOTO-TO PEaibHOTO0 00BEKTA.

B ocHOBe s3b1Kk06020 MoOOenuposanusi NEKHT HEKOTOpBIH Te3aypyc. I[locinemuwmit
obpaszyercs u3 HabOopa BXOIAIIMX TMOHATHHI, TMpUYEM OTOT HAOOp HOMKEH OBITh
¢ukcupoBanHbpiM. CrenyeT OTMETHTb, YTO MEXAY Te3aypycoM M OOBIYHBIM CJOBapeM
UMEIOTCSl NMPUHUHUNUAIbHBIE pa3iauuus. Te3aypyc — cCJIoBapb, B KOTOPOM Ka)XIOMYy CIIOBY
MOKET COOTBETCTBOBATH JHIIb €AMHCTBEHHOE MOHATHE, XOTS B OOBIYHOM CIIOBape OJHOMY
CJIOBY MOT'YT COOTBETCTBOBATh HECKOJILKO MOHSITHH.

Cumeonuueckoe Mmoodenuposanue TPEICTaBIAET COOOW HCKYCCTBEHHBI MpOIEcC
CO3JIaHMS JIOTHYECKOr0 O0BEKTa, KOTOPBIM 3aMellaeT pealibHbIii U BbIpa)KaeT OCHOBHBIC
CBOMCTBA €ro OTHOILIEHUH C TOMOIIBIO ONPEACICHHON CUCTEMBbI 3HAKOB HJIM CUMBOJIOB.

Maremarnueckoe MozaenupoBanue. Ilox mamemamuueckum mooenuposanuem Oynem
MOHMMATh MPOIECC YCTAHOBIICHUSI COOTBETCTBUSI JAHHOMY pEaJbHOMY OOBEKTY HEKOTOPOTO
MaTeMaTUYeCKOro 00beKTa, Ha3bIBAEMOTO0 MaTEMAaTUYECKOM MOJICNIbIO, U UCCIEJOBAHUE STOU
MOJIeNIH, MO3BOJISIONIEe MOMy4aTh XapaKTepUCTUKH paccMaTPUBAEMOI0 peajJbHOr0 O0BEKTA.
Bun maremaTnueckoil MOJM 3aBHUCHT Kak OT MPUPOABI peaibHOTO 00BEKTa, Tak M 3ajaad
UccleloBaHusa 00beKTa U TpeOyeMoil TOCTOBEpPHOCTH Y TOUHOCTH PELICHUS ITON 3a1auH.

Hns  ananumuveckoeo  MoOeauposanus  XapakTepHO TO, UYTO  IPOLECCHI
GYHKIMOHUPOBAHUS  JJIEMEHTOB  CHCTEMBl  3aMHCHIBAIOTCS B  BHUJE  HEKOTOPHIX
(GYHKIIMOHATBHBIX COOTHOIIEHHUH (aNredpandeckux, HHTErpoanepeHIIHATbHBIX, KOHCYHO-
Pa3HOCTHBIX U T.N.) WU JIOTUUYECKUX YCIOBHUM.

Hmumayuonnoe mooenupoganue 03BOIAET IO UCXOJAHBIM JaHHBIM MOJYYUTh CBEJCHUS
O COCTOSHUM TIpollecca B OIpeJelIeHHbIE MOMEHTHl BpPEMEHH, Aalollfe BO3MOXHOCTH
OILEHUTH XapaKTEPUCTUKHU CUCTEMBI S.
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2. MaTtemMaTH4ecKOe MOIeJINPOBAHNE H €70 0COOEHHOCTH.

HeBo3MoxxHO mnpencTtaBuTh ce0e COBPEMEHHYIO HayKy O0€3 LIMPOKOro INPUMEHEHUS
MaTeMaTH4eCcKOro MoenupoBanus. CyIHOCTb 3TOH METOAOIOTUU COCTOUT B 3aMEHE UCXOIHOTO
oObekTa ero "obpa3oM" — MaTeEMAaTUYECKON MOJENbI0 — U AajJbHEHIIEM U3y4EeHUH MOJENHU C
IIOMOIIBI0 PEANTU3yeMbIX Ha KOMIIBIOTEPAX BBIYHUCIUTENBHO-JTOTMUECKUX AJITOPUTMOB. OTOT
"Tperuii Meron" MO3HAHMS, KOHCTPYHMPOBaHUS, IPOEKTHPOBAHMS COYETAET B cebe MHOIHE
JIOCTOMHCTBA KaK TEOPHUHU, TaK M JKclepuMeHTa. PaboTa He ¢ caMHM OOBEKTOM (SIBIECHUEM,
MPOIIECCOM), & C €r0 MOJIENBIO 1a€T BO3MOXKHOCTh 0€300JI€3HEHHO, OTHOCUTEIHHO OBICTPO U 0€3
CYIIECTBEHHBIX 3aTpaT UCCIEI0BaTh €0 CBOMCTBA U MOBEJCHHE B JIFOOBIX MBICIUMBIX CUTYAIUSIX
(mpeumyiiecTBa Teopun). B To ke Bpems BBIYMCIUTENbHbBIE (KOMIBIOTEPHBIE, CUMYJISLIUOHHBIE,
UMHTALMOHHBIE) SKCIEPUMEHTBl C MOJEISIMU OOBEKTOB IO3BOJISIOT, ONHUpPAsCh Ha MOILb
COBPEMEHHBIX BBIYHCIUTENBHBIX METOJOB W TEXHMYECKHMX HMHCTPYMEHTOB WH(MOPMATUKH,
HOAPOOHO M TIYOOKO H3ydaTb OOBEKTHI B JOCTaTOYHOM IOJIHOTE, HEIOCTYNHOH YHCTO
TEOPETUYECKUM I0/1X0/1aM (IIpeUMYIEeCTBa IKCIIEpUMEHTa). HeyuBUTEIbHO, UTO METOI0JIOTHS
MaTeMaTHYeCKOro MOJAEIMPOBaHUA OypHO pPa3BHBAETCs, OXBaTbiBas BCE HOBBbIE CQeEpbl - OT
pa3pabOTKN TEXHUUYECKUX CHCTEM M YIPABJIEHUS UMHU O aHAJIU3a CIOKHEHIINX SIKOHOMUYECKUX
U COLIMAIIBHBIX MTPOLIECCOB.

Ceityuac MaTeMaTHYeCKOE€ MOJICJIMPOBAHUE BCTYMAET B TPETUH NPUHIMIHAIBHO BayKHBIN
3Tall CBOETO pa3BUTHS, "BCTPAaWBasCh" B CTPYKTYphl TaKk HAa3bIBAEMOTr0 HH()OPMAIMOHHOTO
obmecTBa. BmeuaTnsromuii mporpecc cpeacTB nepepabOTKH, MepeJadud U XpaHEHMs
UHPOPMALIK OTBEYAECT MUPOBBIM TEHICHIMSM K YCIOKHEHHIO M B3aUMHOMY MPOHUKHOBEHHUIO
pa3nMuHbIX cep yenoBeuecko AedaTenbHOCTU. be3 Binagenus nHpopmManMoHHbIME "pecypcamu’
HENb35 U 1yMaTh O PELIEHUU Bce Oosiee YKPYIMHAIOMUXCS U Bce 0oJiee pa3sHOOOpa3HbIX POOIIEM,
CTOSIIMX Tepe]l MUPOBBIM coobmecTBoM. OqHako MHGOpMalKsa Kak TakoBas 3a4acTyi0 Majo
YTO JAeT JJI1 aHajdu3a U MPOTHO03a, AJIs NMPUHATHS PELICHUH U KOHTPOJS 3a UX HCIOJHEHHEM.
HyxHbl Haie)KHBIE CITOCOOBI TIepepaboTKU HHPOPMAIIMOHHOTO "CHIpbs" B TOTOBBIN "MPOIYKT",
T.€. B TOYHOE 3HaHue. McTopus METoq0I0ruy MaTeEMaTUYECKOTO MOJEIUPOBaHUS YOSKIAeT: OHA
MOXET U JOJDKHA OBbITh MHTEUIEKTYaJIbHBIM SIpOM HH(GOPMALMOHHBIX TEXHOJOTMH, BCEro
nporiecca HH(popMaTH3auu o0IIecTBa.

[Tporpanma AnropmTM

PucyHok 2 — Anroputm MoJIeIupOBaHUS

Ha nmepBom stame BbiOMpaercss (WM CTpOUTCS) "SKBUBaJEHT" 00BEKTa, OTpa)karolluii B
MaTeMaTH4eCKo (popMe BaKHEHIIHE ero CBOMCTBA - 3aKOHBI, KOTOPBIM OH MOJYUHSCTCS, CBS3H,
MPUCYIIHE COCTABJISIIOIIMM €ro 4yacTsM, U T.A. MaremaTudeckas Mojaenb (Wi ee (hparMeHThl)
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UCCIIETyeTCS TEOPETHUYSCKUMH METOJIAMH, YTO TIO3BOJISIET MOYYUTh BaXKHBIC TPEIBAPUTEIHHBIC
3HaHUg 00 OOBEKTE.

Bropoit stan — BbIOOp (WM pa3paboTka) ajaropuTMa Ais pealnu3aluyd MOJeNd Ha
KoMIbloTepe. Mojenb npeiacraBisieTcds B (QopMme, yHOOHON [l NPUMEHEHHS YHMCIEHHBIX
METO/IOB, ONPENENSAETCA IOCIEN0BATEIBHOCT BBIYMCIUTEIBHBIX M JIOTUYECKHX OIEpALMiA,
KOTOpBbIE HYKHO IPOM3BECTH, YTOOBI HAWTH MCKOMBIE BEJIWYMHBI C 33JaHHOM TOYHOCTBIO.
BerluncnurenbHble  alrOpUTMBl  JOJDKHBI HE MCKa)XaTh OCHOBHBIE CBOWCTBA MOJEIH W,
CIIEIOBATENIbHO, MCXOJHOTO OO0BEKTa, OBITh SKOHOMHYHBIMM M aJaNTHUPYIOIIMMHCS K
0COOCHHOCTSIM pelIaeMbIX 3a7a4 U HUCIOIb3yeMbIX KOMITBIOTEPOB.

Ha Tperbem »dTame co3maroTCs TpOrpaMMbl, 'mepeBoisniue” MOACIb W aJIrOPUTM Ha
JOCTYIIHBIA KOMIBIOTEPY s3bIK. K HUM Takke NpeIbsBIAIOTCS TpeOOBaHUS YKOHOMHYHOCTU H
aJanTUBHOCTU. VX MOXHO Ha3BaTh "?JIEKTPOHHBIM" DKBHUBAJICHTOM H3y4aeMOTO OOBEKTa, yKe
NPUTOIHBIM JJIsI HEMOCPEICTBEHHOIO0 HCHBITAHMS Ha 'HKCIIEPUMEHTAIBbHOM YyCTaHOBKE' —
KOMITBIOTEPE.

CoznaB Tpuangy "Moaelb—alropuTM—IporpamMma’’, HcciaefoBaTeNb IOJIy4aeT B PYKHU
YHHUBEpCaIbHBIA, THOKUH W HEIOpOrodl HWHCTPYMEHT, KOTOPBHIH BHauaje OTJIaKUBaeTCs,
TecTUpyeTcss B "MPOOHBIX" BBIYMCIUTENBHBIX 3KcnepuMeHTax. Ilocine Toro kak aaeKBaTHOCTD
(TocTaToO4HOE COOTBETCTBHE) TpUAIbl HCXOAHOMY OOBEKTY YIOCTOBEpPEHAa, C MOJEINbIO
MPOBOJATCS pa3HO0Opa3Hbie U MOJIpoOHbIe "OMBITH", Aatolue Bce TpeOyeMble KaueCTBEHHBIE U
KOJIMUECTBEHHBIE CBOWCTBA M  XapaKTepUCTHKU o0bekTa. Ilpomecc MoaenupoBaHus
COINPOBOXKAAETCA YJIYUIIEHUEM U YTOUYHEHHEM, 10 MEPE HEOOXOAMMOCTH, BCEX 3BEHbEB TPUA/IbI.

Byayun wmertonmonoruei, MaTeMaTHMUeCKOE MOJEIMPOBAHUE HE IOAMEHSET CcoOoi
MaTeMaTHKy, (QU3UKy, OMOJIOTHIO U ApPYrHMe Hay4yHblE TUCLMIUIMHBI, HE KOHKYPHUPYET C HUMH.
Hao0opoT, TpyAHO NEpeoLeHUTh €ro CUHTE3UpYoIyto poiib. Co3aaHue U NIPUMEHEHHE TPUAIbI
HEBO3MOXXHO 0€3 OMOpHhI Ha caMble pa3Hble METOJbl U MOJXOJbl — OT KauyeCTBEHHOI'O aHaJIN3a
HEJIMHEWHBIX MOJENeH 1O COBPEMEHHBIX S3bIKOB IporpaMMmupoBaHus. OHO JaeT HOBBIE
JIOTIOJTHUTEIIbHBIE CTUMYJIbI CAMBIM Pa3HBIM HAIIPABJICHUSAM HAyKH.

PaccmatpuBas Bompoc mupe, HallOMHUM, YTO MOJIEJIMPOBAHKE MPUCYTCTBYET MOYTH BO BCEX
BUJIaX TBOPYECKON aKTHUBHOCTH JIOJEH pa3lIMyHBIX 'clienuanbHOCTEH" — wucclenoBaTeneii u
npeanpuHUMaTesieil, MOJIUTUKOB W BOeHaudaJdbHUKOB. lIpuBHeceHne B 3TH cdepbl TOYHOTO
3HaHMUS TIOMOTaeT OTrPaHUYUTh HMHTYUTHBHOE YMO3PUTEIbHOE "MOJENHpoBaHME", paclIupsier
noJjie MPUJIOKEHUH palMOHaNbHBIX MeToa0B. KoHeyHO ke, MaTeMaTHuecKoe MOJETUpPOBaHUE
IUTOJJOTBOPHO JIUIIb TPU BBITIOJHEHUM XOPOIIO HM3BECTHBIX MPOo(hecCHOHANBHBIX TPeOOBaHUI:
yeTkass (OpPMYJIHPOBKA OCHOBHBIX TOHATUH W TPEANOJOKEHUHM, amoCTepHOPHBIA aHalu3
aJICKBAaTHOCTU WCIIOIB3YyeMBIX MOJIENCH, TapaHTHPOBAaHHAS TOYHOCTh BBIYHACIUTEIHHBIX
QITOpPUTMOB U T.A. Eciii ke TOBOPUTH O MOJIETUPOBAHUHN CHUCTEM C YYacCTHEM '4eOBEYECKOTO
daktopa", T.e. TpymHODOpPMATH3yeMBIX OOBEKTOB, TO K O3THUM TpPeOOBAHHAM HEOOXOIUMO
N00aBUTh aKKypaTHOE pa3rpaHUYCHHE MAaTEMaTHYEeCKHX M JKUTCHCKUX TEPMHUHOB (3BYYallHX
OJIMHAKOBO, HO UMEIOUIMX pa3HbIi CMBICI), OCTOPOKHOE TMPUMEHEHHE YyXKE€ TOTOBOIO
MaTEeMAaTHYECKOTO armapara K M3yYeHUIO SBJICHHA M TMPOLECCOB (MPEANOYTHUTENCH MyTh "OT
3aJa4i K MeToay", a He Ha000POT) U PSA IPYTHX.

Pemass mpoGiembr nHpOpManmoHHOTO 0O0IIecTBa, OBLIO OBl HAWBHO YIMOBAaTh TOJBKO Ha
MOIIb KOMITBIOTEPOB U MHBIX cpencTB HHpopMaTuku. [locTOSHHOE COBEPIICHCTBOBAHKE TPUAIBI
MaTeMaTHYECKOTO0 MOJCITUPOBAHUS M €€ BHEIPCHUE B COBPEMEHHBIE WH(POPMAIMOHHO-
MOJICTTHPYIOIIHE CHUCTEMBI - METOJOJOTHYECCKUI WMIepaTHB. JIWIIh €ro BBIMOJHEHUE JJaeT
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BO3MOKHOCTh TOJIy4aTh TaK HYXXHYIO HaM BBICOKOTEXHOJOTUYHYIO, KOHKYPEHTOCIIOCOOHYIO U
pa3HoO00pa3HyI0 MaTepHAIbHYIO M MHTEJUIEKTYAIbHYIO TPOIYKIIHIO.

3 ®usuyeckoe MoJeTHPOBAHHE U €r0 0COOEHHOCTH.

Monens npeacraBiasieT coOOH CpeACTBO M CIOCOO BBIPAKEHUS YE€PT U COOTHOLIECHHM
00BEKTa, IPUHATOrO 32 OPUTHHANI. MO/€Ib — 3TO UMHUTALM OAHOTO UJIH psijia CBOWCTB 00BEKTA
C TIOMOIIIbI0 HEKOTOPBIX MHBIX MPEIMETOB U ABJICHUN. MOJENBI0O MOXKET ObITh BCAKUH OOBEKT,
BOCIIPOM3BOASIINI Tpebyemble ocoOeHHOCTH opuruHana. Ecim Monens M opuruHan —
OJIMHAKOBOHN (PM3MUECKON HPUPOIBI, TO Mbl UMEEM JAEIO0 C (U3MUYECKUM MOJIECIUPOBAHUEM.
duznyeckoe MOAEIUPOBAHUE NPUMEHAETCS KaK IIPUEM DKCIEPUMEHTAIbHOTO UCCIIEIOBaHMS Ha
MOJIEJISIX CBOMCTB CTPOMTENbHBIX KOHCTPYKLHUMN, 3JaHUI, CaMOJIETOB, CYA0OB, KaK CIOCO0O BBISB-
JIEHUs HEJJOCTAaTKOB B pab0OTe COOTBETCTBYIOLIMX CUCTEM M HaXOXJEHHs MyTeill UX ycTpaHeHHs.
Korna sBnenue onuchiBaeTCst TOM K€ CUCTEMOMW YpaBHEHMM, YTO U MOJAEIUPYEMBIH OOBEKT, TO
TaKO€  MOJEIMPOBAaHME HMEHYETCS  MareMaTWdecKuM. Ecim  HEKOTOopble  CTOPOHBI
MOJIEIUPYEMOTro O00BEKTa IMPEICTaBICHBl B BHUIEC (OPMAIBHONW CHUCTEMBI C MOMOINBIO 3HAKOB,
KOTOpasi 3aTEM M3Yy4aeTcs C LEJIbI0 NEPEHOCa MOIYYCHHBIX CBEICHHI Ha CaM MOJEIUPYEMBbIN
00BEKT, TO MBI IMEEM JIEJIO C JIOTMUECKU-3HAKOBBIM MOJEIUPOBAHUEM.

MonenupoBaHue HUrpaeT OrPOMHYIO 3BPUCTUYECKYIO POJIb, SABISAACH MPENNOCHUIKOM
HOBOI Teopuu. MojaenupoBaHue MOJIy4aeT MIMPOKOE MPUMEHEHUE MOTOMY, YTO OHO JaeT
BO3MOXXHOCTh OCYILECTBIISITh HCCIIEOBaHHE IPOIECCOB, XapaKTepPHBIX MJi1 OpUTHMHANIa, B
OTCYTCTBHE€ CaMOr0 OpHUTrMHajga. ITO YacTo ObIBaeT HEOOXOAMMO U3-32 HEyA00CTBa
UCCIIEJIOBaHMUSI CcamMoro oOOBEKTa M IO MHOTMM JAPYTUM COOOPaKEHUSM: JOPOTOBHU3HBI,
HEJO0CTYITHOCTH, HE0O003PUMOCTH €r0 U T.II.

CyliecTBeHHOE 3HAUEHWE B IMO3HABATEIHHOU AEATETLHOCTH MMEET TaKOH MEeTOJH, Kak
dopmanu3zaryss — o0000IIeHne GOPM pa3THIHBIX IO COACPKAHHIO MPOIIECCOB, a0CTparupoBaHue
aTuX (OpM OT WX coaepkaHus. Beskas ¢opmanm3anuss HEM30EKHO SBISICTCS HEKOTOPBIM
orpy0JeHHEM peaIbHOTO 00BEKTA.

dusnyeckoe MojaeanpoBaHue MeTosl CBOAUTCS OOBIYHO K M3YYEHUIO MOJENEH, K-pbie
OTJIMYAIOTCS OT OOBEKTa MOJAeJUpPOBaHMe MmaciiTabamu (Hamp., Jiab. U TPOMOJETHPOBAHHE
peakTtopel). B ocHOBe (HU3MYECKOTO MOAEIMPOBAHUE JISKAT 10000Us meopus W aHAIN3
pa3MepHOCTEN.

HeoOxonuMbIM yciioBueM (pU3NYECKOTO MOAEJIMPOBAHME SIBISIETCS PABEHCTBO B OOBEKTE U
€ro MOJIENH T. Ha3. KPUTEPUEB 000N, IPEICTABIISIIOIINX COO0M OnpeeieHHble Oe3pa3MepHbIe
KOMOMHAIMK pa3i. (u3. BETHMUMH, OKa3bIBAIOIIMX BIMSHUE Ha MapaMeTpbl 0OBEKTa M MOAEIH.
Ha npaktuke o0ecnieunTh yka3aHHOE YCIOBHE B CIydyae PaBEHCTBA HECK. KPUTEPHUEB MOA00UA
Ype3BbIYAafHO TPYAHO, €CIM TOJBKO HE JelaTb MOJEIb TOXIECTBEHHOM 0OBEKTYy
MoaeaupoBaHue [losTomy ucnonabp3yercs mpudIMKeHHOe GU3NIECKOe MOAeTHPOBaHMe, TTPH K-
POM BTOPOCTENEHHbIE MPOLECCHI, MPOUCXOIAINE B 00bEKTE, JIUOO HE MOJEIUPYIOTCS COBCEM,
mubo Momenupyiorcs npubnmxenHo. Hamp., wmaccooOMeHHass TapenpyaTass KOJOHHA
MOJIeNIUpyeTcs HacalouyHOH jal. KOJOHKOMN; IpU 3TOM MOA00HME MMAPOAMHAMUY. OOCTAHOBKU B
00BEKTE M MOJIENM UTHOPUPYETCS, a MOAEIUPYETCS JIMIIL PAa3AEIUT. CIIOCOOHOCThH ammapara,
omnpeenseMas TEePMOAMHAMUY. 3aKOHOMEPHOCTSAMHU MeK(azHOTO paBHOBECHS.
JlocToMHCTBa (PU3NYECKOTO MOJEJIHMPOBAHUE: BO3MOXHOCTh U3YYEHHsI OOBEKTOB C MEHBIINMHU
3aTpaTaMu (ChIpbsl, SHEPTUU, BPEMEHH); BO3MOXKHOCTh MCCIEI0BAHUS OOBEKTOB, B K-pBIX (QU3.-
XMMO/IeJIMPOBAaHNeE CYIIHOCTh MPOIIECCOB Majo U3y4YeHa; BO3MOKHOCTb IIPOBEACHUS HA MOJEIIN
U3MepeHuil, CIIUIIKOM CJIO’KHBIX Ha o0BbeKTe Mo/ eJTUpOBaHNe
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Henocratkn Meroma: BO3MOMKHOCTb TPOSIBIEHHMST COOCTB. CB-B  MOJEIM  BCJEICTBUE
HECOOTBETCTBMsI KpUTEpHEB Moao0usi o0beKkTa W MOoAenu (Hamp., pasil. ycJIOBUSA
epeMelInBaHus); HEOOXOAUMOCTh NPUMEHEHUS  aHAJOTMYHBIX  KOHTPOJIbHO-U3ME-PHUT.
npuOOpOB Ha MOJENHM U OOBEKTE; OTHOCUT. CIOXKHOCTb HOCTPOCHMs (U3. MOAEIH, OOBIYHO
IPEJCTaBISIIOIIEH cOO0M 3HAUUTEIBbHO YMEHBIIEHHYIO KOIMIO 00BEKTA; TPYIHOCTh TOCTOBEPHOMI
SKCTPANOJALMKM  Pe3ylbTaTOB Ha Jp. MacluTaObl H3-3a MOJHOIO OTCYTCTBHSI HAAEKHBIX
KPUTEPUEB JOCTOBEPHOCTH MacluTabHOro nepexona. HecMmoTpst Ha mepeduci. HEOOCTaTKH,
bu3nyeckoe MoAeTUPOBAHME YACTO CIYXKUT €IUHCTB. CP-BOM MCCIIEOBAHUS XMMUKO-TEXHOIL.
IpoLeccoB (0COOEHHO Maylo M3ydeHHBIX). [Ipm 3TOM OHO BO MH. ciy4asX MpEeALIECTBYET
MaTEeMaTHYECKOMY MOJEJHPOBAHHUE, SABIIAACH MCTOYHUKOM 3KCIIEPUMOAETHPOBAHHE JTaHHBIX
JUISL TIOCTPOEHUS U TPOBEPKU MaT. MOJEIIEH.

4. MeToanbl Noao0Hus1 B MEXaHHKe.

Heusicenue mamemamuuecko2o MaamuuKka

B kadectBe mepBOro mpuMepa Mbl pacCMOTPUM KJIACCHUECKUN IMPUMEP O ABUKEHUU
MaTEMaTUYECKOTO MasiTHUKA.

Marematuuyeckuit mMasTHUK (puc. 1) mpenctaBiseT coOOM TKEIYI0 MaTepHUaIbHYIO
TOYKY, TMOJBEIICHHYI0O Ha HEBECOMOH M HEpacTsDKMMON HMTH, KOTOpas 3aKpeIuleHa APYTUM
CBOMM KOHIIOM HenoABUkKHO. COBOKYITHOCTh BO3MOKHBIX JBUKEHUN Mbl OTPAHUYHUM YCIOBUEM,
YTO ABM)KEHMSI MaATHUKA IIJIOCKHE.

1,
!

:“E_-.:n
B
Puc. 1. MaTtemaTuyeckuii MasTHHUK.

Beenem  oOo3HaueHus: | — pnuHAa MasTHMKA, @ — YroJl MeEXJIy HUTBIO H
BEepTHUKaNblo, t — Bpems,, m — Macca rpy3a 1 N — HaTspkeHue HUTH. Eciau npeneOpeub
CWJIaMH  CONPOTHBIEHHUS, TO 3aJada O JABI)KCHHU MAasTHHKA IPUBOIUTCS K PELICHUIO
yYpaBHEHUNU

d? :

dtgo :—§51ngo, (D)
2

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

C HaYaIbHBIM yCIIOBHEM
do

pu t=0 g=pou — =0,
P P dt

T. €. 32 Ha4YaJbHBIII MOMEHT BPEMEHH MIPUHAT TOT MOMEHT, KOTJIa MasiTHUK OTKJIOHCH Ha
yTOJI (09, @ CKOPOCTH paBHA HYIIIO.
N3 ypauenuit (1), (2) W HAYAIBHOTO YCIOBUS OYEBHJHO, YTO B KayeCTBE
OTIPECIISIONINX TAPAMETPOB MOXKHO B3SITh CIICIYIOIIYIO CUCTEMY:
t, I, g, m, @o.
UwncnoBble 3HAYSHUS BCEX OCTANBHBIX BEIMYUH OMPEACISIOTCS MOJHOCTHIO 3HAYCHUSIMU
9THX MapameTpoB. Clie0BaTeIbHO, MBI MOKEM HAIlHCaTh
¢ = o (t, ¢o, I, g, m), N=mgf(t, 9o, 1, g, m) (3)
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rae ¢ u f — 6e3pazMepHbie BETUUYUHBI.

Yucnosble 3HaueHUs (GyHKIUNA ¢ U f He MOMKHBI 3aBUCETh OT CHUCTEMBl EIUHUIL
u3Mepenus. Bun stux QyHKOU MoxkHO ompenenuTs aubo0 pemas ypasHenus (1) u (2), mmbo
9KCIIEPUMEHTAIBHBIM CITIOCOOOM.

N3 o6mux cooOpakeHUi, M3T0KEHHBIX BBIIIE, BBITEKAECT, YTO ISTh AapPryMEHTOB
byHkuii @ 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 U3MEPEHUS.

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

gon 15 @)

Bce npyrue 6e3pa3mepHble KOMOMHALIMH, COCTABICHHBIC U3 t, 1, g, m 1 @ WK BooOIIE U3
TOOBIX BEJIUYHH, OMPESIAEMbIX 3THMH IapaMeTpamu, OynyT (QyHKIusMu KoMOuHanuii (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 MAcChl Tpy3a, a HATSHKCHHE HHUTU MPSIMO MPOMOPIHUOHAIBLHO Macce
rpy3a. OTH BBIBOJBI BBITEKAIOT TAK)KE HEMOCPEACTBEHHO W3 ypaBHeHui (1) m (2). Benmuuny

fy/g/l MOXKHO paccMaTpuBaTh Kak BpEMS, BBIPAKEHHOE B CIENUAILHONH CHCTEME €IMHUIL

U3MEpPEHUs, B KOTOPOW JAJMHA MasTHUKA U YCKOPEHHE CHJIbl TSDKECTH IPUHATHI pPaBHBIMU
eIMHUILE.

O6o3HaunM yepe3 I’ kakoM-HUOYIb XapaKTEpHBIH INPOMEKYTOK BPEMEHHU, HaIpUMeEp
BpeMsl JBM)KEHUS MasTHMKA MEXAY KpPalHUM U BEPTUKAJIbHBIM IMOJOKEHUSAMH WIH MEXITY
JIByMsl OJMHAKOBBIMH (ha3zaMH, T. €. MEepHoJ] KoieOaHHs, ¥ T. A. (CyIIECTBOBaHUE MEPUOIU-
YECKOro JBMJKEHHMs MOXKHO TNPUHATh Kak TUIOTE3y WM Kak pe3yiabTaT, H3BECTHBIM U3
JIOTIOTHUTENBHBIX 1aHHBIX). IMeeM

/
= f(9,l,8,m)= \/gfz(@)’l:g’m)-

bynakuus f; npeacrasiseT codoit 6e3pa3MepHyIO BEIMUNHY, a TaK Kak u3 |, g 1 m Henb3s
COCTaBHUTH Oe3pa3MepHYI0 KOMOMHAIINIO, TO OYEBUIHO, 4TO (yHKIMA f> He 3aBHCHUT OT |, g 1 m.

CiegoBaTeibHO,
/
I'= ,/gfz (@) (6)

®opmyna (6) ycTaHaBIMBAeT 3aBUCUMOCTh BpeMeHH [ oT mmHbl MasTHHKA. [loxydnTs
Bua ¢yHkuuun f(@p) € TOMOIIBIO TEOpuH pa3sMepHOCTH Henb3d. Onpenenenue (o)
HEOOXO0IMMO MPOMU3BECTH JIHO0 TEOPETHYECKH, HA OCHOBAaHMHU ypaBHeHHS (1), mnbo 3KcrepuMeH-
TaJIbHO.

®opmyiy (6) MOXKHO TOIYYUTh HEMOCPEACTBEHHO U3 cooTHouIeHuit (5'). B camom nene,
JUTsl Ieprojia Konebanuii cootHomenue (5') gaet

@Oy =0 ¢o,r\/%

Pemas aTo ypaBHenue, nomyuum Gopmymry (6).
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Ecnu I' ectb nepuon xonebdanus, To U3 cCOOOpaKEHUN CUMMETPUN OUYEBUIHO, YTO MEPHO

I" He 3aBHCHT OT 3HaKa @, T. €.
f2(9o)= f2(-90).

CrnenoBarenbHo, GpyHkuus f; sBiasercs yeTHol (yHKuMen aprymeHTta ¢o. Ilpeamnonaras,

YTO NP MAJBIX Qo GyHKIUA (o) peryaspHa, MOKHO HalUCaTh
- 2 4
(o) = ¢1 + 200" + C300 ... (7)

Jlig mManelx KojaeOaHUN WIEHBl CO CTENEHSMH @ M BBIIIE MOKHO OTOPOCUTH, M AJIA

nepuoja I MbI monydaem Gpopmyny

I'=c |—. (8)
g
Pemenne ypaBuenus (1) mokassiBaet, 4to ¢; = 2. Takum 06pa3oM, MbI BUAUM, YTO JJIS
MalbIX KoyieOaHMil MasTHUKA C MOMOIIBIO TEOPHUH PA3MEPHOCTH MOXKHO MOJIYYUTH (HOpMYIy
nepuojaa KojaedaHus MasiTHUKA C TOYHOCTBIO 10 MOCTOSIHHOTO MHOXHUTEIS.
@opmynsl (5) u (6) coxpaHIT CBOIO CIPaBEAJIUBOCTh U B TOM CiIydae, €Cld BMECTO
ypaBHeHus (1) MbI BO3bMEM ypaBHEHUE

o g
dt2 - lf((o)a

rae f(e) ectp mobas ynkmus yrina ¢. BooOme cmnpaBemmuBocts hopmyn (5) u (6)
BBITEKAaeT M3 EIMHCTBEHHOI'O YCIOBMS, KOTOPOE COCTOUT B TOM, YTO COCTOSIHUE JABHXKCHMS
olpezenseTcs napaMeTpaMu

t, I, g, m, @o.

JU1g yCcTaHOBIIEHUS ATOW CHUCTEMBI NTapaMETPOB HaM IOCITYKWUIM YpaBHEHHS ABM)KECHUS,
HO ee MOXHO YyKa3aTb W He IpuOeras K ypaBHEHHsIM JABWXeHHs. B camom nene, s
XapaKTepUCTHUKU MasATHHKA HaAo yka3arb | u m. Jlanee HeoOXoaumo ykas3aThb g, TaK Kak
CYIIHOCTb SIBJIEHHS OIpenenseTcs cuiaoi Tsokectd. HakoHen, HeoOX0oaAuMoO yKasaTh o U f, Tak
KaK KOHKPETHOE J[IBWJKEHHUE M COCTOSIHME [BIKEHHUS OIPEAEISAIOTCS YIJIOM KpalHero
OTKJIOHEHUS Py U PacCMAaTPHUBAEMbIM MOMEHTOM BPEMEHU .

Hcmeuenue masicenoii sHcudKocmu uepes 6000C1U6

PaccMmoTpuM 3amauy o cTpyHHOM ABMIKEHHM TSXKENIOW *KHUIKOCTH 4Yepe3 BOAOCIUB (pHC.
2), KOTOpBIM TMpeACTaBIseT COOON BEPTUKAIBHYIO CTEHKY C TPEYTrOJIbHBIM OTBEPCTHEM,
PacroyIoKEHHBIM CUMMETPHUYHO OTHOCHTEIbHO BEPTUKAIM, NMPUUYEM YIOJI OTBEPCTHS Ol paBEeH
90°. JKunakocThb BBITEKAeT IO HANOPOM h, KOTOpBI paBeH BHICOTE€ YPOBHS JKHAKOCTH HaJ
BEPILIMHOMN TPEYroIbHUKA Ha JAJIEKUX PACCTOSIHUSAX OT OTBEPCTHUS BOJOCIMBA. J{Jsl MPOCTOTHI Mbl
IPUMEM, YTO COCYZA, B KOTOPOM HAaxOIUTCS XHUAKOCTb, OYEHb BEJIMK, U MO3TOMY JABH)KEHUE
AKHUJIKOCTH MOXHO CUMTaTh yCTaHOBUBIIMMCSA. [Ipu cTpyiiHOM IBM)KEHUUM KHMJKOCTH OCHOBHOE
3HaUEHUE MMEIOT CBOWCTBA MHEPLUU U BECOMOCTH, KOTOPBIE XapaKTEPU3YIOTCS 3HAUYECHUSMHU
IUIOTHOCTH P U YCKOPEHHSI CUJIBI TSXKECTHU g.

Puc. 2. Ileperexkanune TSKeN0M )KUIKOCTH YEPE3 BOJAOCIHB.
VYcTaHOBHBILIEECS TEUEHUE XUAKOCTH 4YEPE3 pacCMAaTPUBAEMBIM BOJOCIIMB IOJHOCTBIO
OIPEENACTCS CIEAYIOIUMY TapaMeTPaMH:
p, g h.
Bec xmaxoctu Q, BBITEKAIOIIMN Yepe3 OTBEPCTHE BOAOCIMBA B €AUHHUILY BPEMEHH,
MOXeT ObITh (PYHKIIMEH TOJIBKO 3THUX IapaMeTpPOB
Q=1(p, g, h).
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C nomouIpo TeOpUH Pa3MEPHOCTH HETPYIHO HAWTH BUJI 3TOH QyHKIMH. B camom xerne,
pasmepHocTh Q pasHsiercs krc/c. KomGunauus pgh’y/g/h Takke uMeeT pasMepHOCTb Kre/c.
[TosTOMy OTHOLIEHHE

0
ez

ABIsIETCS Oe3pa3sMepHON BEIMYMHON. DTO OTHOILICHHE sABIseTCA (DYHKIMEH BEIHYUH p, g,
h, u3 KOTOpPBIX HeNb3s 00pa3oBaTh Oe3pa3sMepHON KOMOMHAIMHU, TOATOMY MOXHO HAlKCaTh

_9 _¢
e
Ui
0=Cpgh, )

rae C ecth abCOMIOTHAs MOCTOSHHAS, KOTOPYIO MPOIIE BCETO ONPEICIUTh W3 OIbITA.
[MonydenHas ¢opMyna MOJHOCTBIO ONPEACTSIET 3aBUCHMOCTh KOJMYECTBA MPOTEKAIOIIEH
KHMJKOCTH OT Haropa h 1 OT mI0THOCTH p.

COBOKYITHOCTh PaCCMAaTPUBACMBIX IBI)KCHHH MOKHO PacUIMPHTh, JOMYCKas BOJOCIHBEI
C Pa3IMYHBIMH YIJIaMH . B 3ToM ciydae cucTema ompenensiomuX MapaMeTpoB TOMOTHSIETCS
yriioMm o, u popmyna (9) mpuMeT BUI

3 5
0=Cl@pg*n™, (10)
T. €. K03 urment C Oyaer 3aBUCETD OT yIiia .

Ecnu BomocauB nMeeT npsMOYyroiabHYI0 GOpMy HIMPHHOM b, TO cucTeMa OnpeieNsonnx
napaMeTpoB OyaeT

p, g h,b.
Bce Oe3pa3mepHble BEeTMUMHBI ompenensiorcs napamerpom h/b. @opmyna (9) B 3Tom
cllyyae 3aMEHUTCS CIIeAYIOIIeH:
h 3/ 5
0- f[;jpg@ﬁ . (1)

Oynaknuo f(h/b) MOXHO ompenenuTh OMBITHBIM ITyTeM, HaOMIOmas TEYCHHE Yepe3
BOJIOCJIMB PA3JIMYHON MMUPHHBI b, HO ¢ MOCTOSHHBIM h. OnpenenuB TakuM Croco00OM () YHKITUIO
f(h/b), popmyiy (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, MOJYYCHHBIE C TIOMOIIBI0 METOMA
pa3MEpHOCTH, MOTYT TPUHOCUTH OOJBIIYIO IONB3y TPU TOCTAHOBKE ONBITOB, MO3BOJISS
OTPaHUYMBATH UX KOJIHMYECTBO M MOIYyYaTh OJarogapsi 3ToMy 3KOHOMHUIO HE TOJIBKO B CPE/ICTBAX,
HO ¥ BO BpeMeHH. VI3MeHeHue OTHUX BEJIMYUH MOKHO 3aMEHSTH B ONBITaX U3MEHEHUEM JPYTHX
Ben4YrH. Ha OCHOBE ONBITOB, MPOU3BEJCHHBIX C BOJOH, MOKHO JIaTh NCYEPITHIBAIOIINAE OTBETHI O
SIBJICHUW BBITCKaHUS HEPTH, PTYTH H T. [I.

5. 3aximo4enue.

Tpu Teopemsbl 1000 COCTABIIAIOT INIaBHYIO OCHOBY TEOPUH 110100US.

Bot kpatkoe conepkanne U3J05KEHHOW Teopuu noao0us:

DIlonoGHble  ABICHMS NPOTEKAIOT B TIEOMETPUYECKM NOJOOHBIX CHCTEMax M
OINMCHIBAIOTCS OYKBAJIbHO OJJUHAKOBBIMU YPABHEHUSMHU CBSA3H.

OTH ypaBHEHUS TOJKHBI ObITh 0€3yCIOBHO MJIM YCIIOBHO OJJHOPOIHBIMH.

2)VCIOBHO OJHOPOIHBIMU (PH3MUECKUE YPABHEHHS AETAIOTCS MPUCOCAMHEHHUEM K HHUM
«00YCIIOBIIMBAIOIIMX PABEHCTB», KOTOPBIE YCTAHABIMBAIOT PAaBEHCTBO E€IMHUIIE MHIUKATOPOB
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nono0usl, MOJy4yarolUXCsd W3 ypaBHEHUM, WM, 4YTO TO K€, OJUHAKOBOCTb MAJIs MOJOOHBIX
SBJICHUN KpUTEPUEM IOJO0MS.

3)OnHoponHBIE ypaBHEHHS MOTYT OBITh TPEACTABICHBl KaK (YHKUIUU CTEIEHHBIX
KOMIIJIEKCOB (KPUTEPHUEB) M CUMILIEKCOB.

Takue «kpuTepraabHble» ypaBHEHUS YUCIEHHO OAMHAKOBBI JUIsl BCEH IPyIIIbI TOA00HBIX
SABJICHUM.

4)IlonoOHBI TE SIBIIEHUS, YPaBHEHHUE CBSI3U KOTOPBIX OYKBEHHO OJMHAKOBHI U YCIIOBHS
OJTHO3HAYHOCTH KOTOPBIX MOAOOHBI, T. €. Y KOTOPBIX OJHOMMEHHbIE MOHOBAJIECHTHI! (BEITUYMHBI,
BXOJSILIIME B YCJIOBMSI OJHO3HAUYHOCTH) HAXOJATCS B YMCIEHHO IOCTOSIHHOM OTHOIIEHHH, a
OJTHOMMEHHbIE MOHOBAJICHTHBIE (ONpPENeNsIONNe) KpUTEPHUH OJIUHAKOBBI.

Teopus nonpodus naer, cieaoBaTeIbHO, O0IINE METOANYECKHUE YKa3aHUs, KaK IIOCTYIaTh
B KaXJOM OTACIBHOM Cily4yac IIpH aHaJIu3€ YPABHCHMM, ONMCHIBAIOIIUX SBICHHUE, IIPU
IIOCTaHOBKE U 00pabOTKE JaHHBIX OMbITA HaJ HUM U IIPHU PaCIpPOCTPAHEHUH PE3YJIbTATOB OINbITA
Ha JApyrue sBiaeHus. Ecim Ke naHa HaTypa M UCCIENOBATh €€ XOTAT Ha MOJAEIHU, TO TEOpus
000UsI COAEPKUT METOAUYECKHE YKa3aHHs IO pacdyeTy M MOCTPOCHHUIO MOJENH, NMOA0OHOH
HaType.

OcCHOBHBIE METOJUYECKHE YKa3aHHE O MPUMEHEHUU TEOPHUH MOA0OMS K OIBITY, OyAb TO
(bu3nUecKoe IKCIEepUMEHTUPOBAHNE UIIH TEXHUYECKOE MOAETHUPOBAHNUE, COCTOUT B CIEIYIOLIEM.

[Ipn uccnenoBaHuM sBIEHUS HAJO YCTAHOBUTH I HETO YpaBHEHHUS CBS3H, NAOLIUE
B3aMMHYIO CBS3b (DU3MUYECKHUX BEJINYMH, YIACTBYIOIIUX B SBJICHUH.

OTu ypaBHEHMS JOJIKHBI ObITH (POPMYJIMPOBAHBI Ui TOTO YACTHOTO Ciy4asi, KOTOPBII
ABIsieTC 00BEKTOM ucciiefoBaHus. IlpucoenuHenne Kk HUM yCIOBHUN OJHO3HAYHOCTU JIE€JIaeT
MCCJIEJOBAHHE ONPECIIEHHBIM U M103BOJISIET IPUMEHUTH TEOPHUIO MOI00US.

[TosToMy BO Bcex ciydasx, KOTJa YPaBHEHHUS CBA3M MOTYT ObITb HalJ€HBI, METOA
aHAJIN3Y ypPaBHEHUN €CThb €JUHCTBEHHO IPABWIBHBIM NyTh NPUMEHEHHUS TEOPUM IOAOOMS U
TOJIBKO TOIZa, KOIZlda YCTAaHOBUTh MAaTEMAaTHYECKYH0 3aBHCHUMOCTb MEXKIYy BEJIWYHMHAMM,
XapaKTepU3yIOIIMMH SIBIIEHUE, HE YAAeTcsd, HAIIEKUT OOpaTUThCA K METOAY aHaIu3a
pa3MepHOCTU. ODTOT IMyTh MEHEE HAAEKEH U MO3TOMY PE3Y/IbTaT €ro He0OXOIUMO MPOBEPATH Ha
onbiTe. MIM He cinenyeT npeHebOperaTh, Tak Kak BO MHOTHMX CIIy4asX aHaJIU3 Pa3MEpPHOCTH JAeT
pu 00pabOTKE OIBITOB LIEHHBIE BBIBOJIBI.

B Hacrosiiiee Bpemst Teopust IOA00MS UMEET CIIEYIOIINE HAIIPABIICHUS.

IlepBbIM 1O BpeMEHU HANpPaBICHUEM SBISETCA MPHIOKEHUE TEOpUU MOJ00us K
M3YYEHHUIO pa3HOOOPa3HbIX TEXHUUYECKUX COOPYKEHUM U MOJETEH.

MogenupoBaHue CTajJo0 MOILIHBIM CpPEACTBOM Uil  OOHAapyKeHHs  pa3IM4YHbIX
HEJ0CTaTKOB, UMEIOIINXCS B CIEAYIOLUIMX TEXHUUYECKUX YCTPOMCTBAX, U JJI U3BICKAHUS ITyTeH K
UX YCTPAHEHHUIO.

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

Teopuss momgobus Hamula TakXke NMPUMEHEHHE IpU 0000LeHMH pabouMx IMoKa3aTenei
LEJIBIX TPYNN OJAHOTHUIIHBIX MAalIMH M YCTPOWCTB, TaK YTO HAa OCHOBAHHUU OOpPaOOTKH JTaHHBIX
MHOTOYNCJIEHHBIX MCIBITAHUM OKAa3bIBA€TCS BO3MOXKHBIM CO3/JaBaThb HOBBIE, OCHOBaHHBIC Ha
KPUTEPHSIX 110100us, CIOCOOB! pacueTa pa3IndHbIX TEXHUYECKHX O0OBEKTOB, KOTOPBIE MIPUBOMIST
K YCTaHOBJIEHHMIO PAalllOHAJIBHBIX, CBA3AHHBIX C 3KOHOMUEN 3HEPTUU PEKUMOB.

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

B nocnennee Bpemst Teopust MoAo0Ms HE TOIBKO HCIIOJIB3YET ypaBHEHUS (U3MKHU IS
0000111eHUs ONBITHBIX JaHHBIX, HO M , 0OpaTHO, NpHU BbIBOJE AU(p(epeHInaNbHbIX YpaBHEHUN
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OHAa JaeT yKa3aHUs, C OJHOW CTOPOHBI, O BBEJCHUM B YypPaBHEHUS KPUTEPUEB MOAOOUS U
0e3pa3MepHbIX NMEPEMEHHBIX U, C JIPYroil CTOpOHBI, 00 MCHOJIb30BAHUU O00OOIIEHUST METOAAMHU
TEOpUHU MOAO00US ONBITHBIX JAHHBIX, ABJSIOLUIMXCS UCXOAHBIMH JUIsl COCTABIICHUS ypaBHEHUI. B
KayecTBE IpuUMepa STOr0 HOBOI'O HANpaBJIEHUS TEOPUU TMOAO0OMS MOXKHO IPUBECTH
YCTaHOBJIEHUM MJs1 TypOYJIEHTHOIO IOTOKAa aBTOMOJEIBHOCTU OTAEIBHO JUIsI HOTPAHUYHOTO
CJIOSL M OTZAENBHO AJIS TYpOYJIEHTHOTO sJIpa, YTO MO3BOJISIET NOJYYUTh O0jiee MPOCTYIO U TOYHYIO
(GopMyITy THIPaBINYECKOTO CONPOTUBICHUS TpyO. Takum 00pazom, Teopus Moaodus Ha HALIHX
IJ1a3aX CTAHOBUTCSI HEOTHEMJIEMOH YaCThIO TEOPETHUECKON (PU3HKH.

6. TeopeTnueckue MOSICHEHNUSI

Bo MHOrumx cimyuyasix BO3HUKAaeT 3ajjaya Ha OCHOBE MMEIOUIMXCSA JaHHBIX HaOII0JCHUM
WM WCHBITAHUN Ha HaA&KHOCTb ONPENEIUTh 3aKOHBI PAaCHpeclICHHs II0Ka3aTellel, Kak
HEKOTOPBIX CIIy4alHBIX BEJIUYMH.

K cosxanenuto, B HacTosiIee BpeMs He CyIECTBYeT HUKAKOro Crioco0a HeMoCcpeACTBEHHO
HOJIyYUTh U3 HEKOTOPBIX CTAaTUCTHYECKHUX JAAHHBIX MAaTEMaTHUECKYI0 MOJEIb (MaTeMaTH4ECKOe
BBID)KEHHUE) 3aKOHA paclpeseleHuss Mokasarens. V3BecTHble METOJbl IO03BOJIAIOT JIUIIb
HOJATBEPANUTD (WJIM HE MOJENAX PacHpeesICHNUS.

1. HpOBepKa COOTBCTCTBHA BBIJIBUHYTBIX THUIOTE3 HWMCIHOONIUMCA CTATUCTUYCCKHUM

JAHHBIM.

I'mnore3el 0 3aKOHE pacHpenesieHUs MOTYT BBIJBUTATbCS HAa OCHOBE TEOPETHUYECKOTO
aHanu3a (u3MYECKOW TPHUPOABI M CBOWCTB pacCMaTPUBAEMOW CIydyalHOW BEITWYUHBI.
HcTOYHUKOM 3THX THITOTE3 MOXKET CIYKUTh IIPEABAPUTEIIBHBIN AHAIN3 TEXHUYECKUX CUCTEM Ha
3Tanax MPOEKTUPOBAHUS, MCHBITAHUM W HKCILTyaTallMM, a TakKe MPU OLIEHKE NPaBUIbHOCTH
YCTaHOBJICHUS U IIPOUICHHS PECYPCOB U CPOKOB UX DKCILITyaTalllH.

3HaHUE TEOPETUUYECKUX 3aKOHOB PACIPECICHUS MOKa3aTeael Hale)KHOCTU MAlllUH JaeT
BO3MOKHOCTb IIPOTHO3MPOBATh HAJEKHOCTb TEXHUKH Ha OIPEACIICHHBINA IEpUOJ C 3aJaHHOU
BEPOATHOCTHIO, IJIAHUPOBATh CPOKH U TPYAOEMKOCTH PEMOHTa, ONTHMHU3HPOBATH OOBEM
3allaCHBIX YacCTeH M MaTEpHUAIOB U PEIIaTh IPYyrue 3a1aqyu.

MHoroneTHUl ONBIT HCCIENOBAaHUS HAIEKHOCTH aBTOMOOWJIEH IOKa3bIBaeT, 4YTO B
KAaueCTBE MATEMATHYECKUX MOJEJIEH B OCHOBHOM MOKHO HCIIOJIB30BaTh OTPaHUYECHHOE YHUCIIO
3aKOHOB PacCIpeesICHUI CTy4aiHbIX BEJIUYHH:

- HOpMaJIbHOE pacupenenenue (pacnpenenenue ["aycca);
- pacupenenenue Belibymna;

HKCIIOHEHIIMATIbHOE (II0KAa3aTEIbHOE) paclpeiesieHne

HopwmainbHoe pacnpeneneHne 04eHb 4acTO UCIOJb3yeTCs Ha MPAKTHKE.

OcHOBHast ero OCOOEHHOCTb COCTOMT B TOM, 4YTO OH SBIISIETCA TaK Ha3blBa€MbIM
OpelenbHbIM 3aKOHOM, K KOTOpPOMY MpHOJIKAIOTCS Jpyrue 3akoHbl. Pacmpenenenue
IIOKa3aTels MOJYUHACTCS HOPMAJIBHOMY 3aKOHY, €CIM Ha U3MEHEHHUE I0KA3arelsl OKAa3bIBaOT
BJIMSTHUE MHOTO PaBHO3HAYHBIX (PAKTOPOB, CIIOKEHHUE HECKOJIBKUX OJMHAKOBBIX WM Pa3IMYHbIX
TEOPETUYECKUX 3aKOHOB PACHpENCIICHHUs] TaK K€ B UTOre IPUBOAUT K 3aKOHY HOPMAJIBHOIO
pacrpeneneHus.

Mopaenbs HOpMaIBHOTO paclpencIICHUs IPUMEHSIETCS U1l ONUCAHHUS:

- paccerBaHUs MOJIHBIX 10 PEMOHTHBIX, MEXKPEMOHTHBIX PECYPCOB U CPOKOB CITYKObI

MaIlliH 1 UX COOPOYHBIX €IMHMULI;

- pacceMBaHHUs JAHHBIX O BPEMEHHM M CTOMMOCTH BOCCTaHOBJIEHHS pabOTOCHOCOOHOCTH
MalIUH I10CJIE OTKA30B;

- paccenBaHMs pa3MepoOB PabOUYMX MOBEPXHOCTEH JeTanel y3/I0B U arperaroB U MHOTHX
JIpYruX IoKa3arenen
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OTiMYUTENBHON  OCOOCHHOCTBIO  HOPMA@JIBHOTO  pAacHpElesIeHUs  SIBISIETCS  €ro
CUMMETPUYHOCTb OTHOCUTEIIBHO CPEAHETO 3HAUYEHUS.
3akoH pacnpenenenus BeiOyinina 3aHuMaeT oJHO U3 HauboJiee 4acTO MPUMEHSEMBIX B
OLICHKE HAJCKHOCTH TEXHUYECKUX CUCTEM IO PE3yibTaTaM HMCIBITAHUN M DKCIUIyaTallUH. JTO
pacnpenenenue BeilOymnn paspaboran g ONMCaHUs PAacCEUBaHUS MapaMETPOB YCTAJIOCTHOU
IIPOYHOCTH CTaJIM U MPENEIIOB €€ YIPYTOCTH, a B JAJIbHEHIIEM IPUMEHMI JUIsl PEIIEHUs IPYruX
3aznad4. B HacTosiiee Bpems 3ak0oH pacipeneineHus BeilOynna Hamen npuMeHeHue Juist:
- OMMCAHUs XapaKTePUCTUK PACCEUBAHUS HApaOOTOK MEX]y OTKa3aMH;
- ONMCaHUS PAaCCEUBAHMS PECYpPCOB JETalei, OTKa3 KOTOPBIX BO3HHMKAET B CIIECIACTBUHU
W3HAIIMBaHUS pab04UX MOBEPXHOCTEH;
- IIPU ONHMCAHUM HAJCKHOCTU CIOKHBIX TEXHHUYECKMX CUCTEM U BO MHOTMX IPYTHUX
CIIydasx

1. 3 JIeknus Ne3 (2 yaca).

Tema: «Pusnyeckue, aHAJIOroBble H MaTeMAaTHYECKHE MOJeJIH 00bEKTOB M IIPOLECCOB,
MaTeMaTH4YeCKHe MO/IeJIN HAJe)KHOCTH CHCTeM 00C/Iy’KUBAHHUS CeIbCKOI0
X0351iicTBA(IIPO/I0JIZKEHH €))

1.3.1 Bonpocsl JieKnum:

1. Meronbl moio0usi B MEXaHUKE

2. 3akiroueHue

3. IToHsiTHE HAZIE)KHOCTH CUCTEM OOCITY)KMBaHHS B CEJILCKOM XO03sCTBE

4. Ilytu nony4eHus JaHHBIX: BCEOOIINI KOHTPOJIb, BHIOOPOYHOE UCCIIEJOBaHUE,
IUTAHUPOBAHUM YKCIIEPUMEHTA
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1.3.2 KpaTkoe coaep:xkaHue BOIPOCOB:

1. MeToanl moao0us B MEXaHUKE

Jleusicenue mamemamuuecKko2o MaasmHuKa

B kadecTBe mepBOro mpumepa Mbl PacCMOTPUM KIACCUYECKHUM MpUMEp O JIBUKEHUU
MaTeMaTUYeCKOTO MasiTHHUKA.

Maremaruueckuii masTHUK (puc. 1) mpeactaBisieT coOOM TSXKEIYI0 MaTepUabHYIO
TOUYKY, TOJBEIICHHYI0O Ha HEBECOMOH M HEpacTsLDKUMON HHMTH, KOTOpas 3aKpeIuieHa ApYyTruM
CBOUM KOHIIOM HemnoABUkKHO. COBOKYITHOCTh BO3MOKHBIX JBMKEHUN MBI OTPAHUYHUM yCIIOBUEM,
YTO ABM)KCHUSI MaATHUKA IIJIOCKHE.

:.\_I?a-"“
B
Puc. 1. MaremaTu4ecKul MasgTHUK.
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Beenem  oOo3HaueHus: | — pnuHAa MasTHMKA, @ — YroJl MeEXJIy HUTBIO U
BEepTHUKaNblo, t — Bpems,, m — Macca rpy3a 1 N — HaTspkeHue HUTH. Eciau npeneOpeub
CWJIIaMH  COINIPOTHBIEHHUS, TO 3aJada O JABW)KCHHU MAasTHHKA IPUBOIUTCS K PELICHUIO
yYpaBHEHUNU

d¢o g .
=—=sng, 1
ar oY D
do ?
m| — | [ =N-mgcos 2
( dtj gcosy (2)
C HaYaTHHBIM yCIIOBHEM
p P=Po 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 OYEBUAHO, UYTO B KauecCTBE
OTIPECIISAIONINX TAPAMETPOB MOXKHO B3SITh CIEAYIOIIYIO CUCTEMY:

t, 1, g, m, @o.

YucnoBble 3HaYEHUsI BCEX OCTaJIbHBIX BEJIMYUH OMPENEISIOTCS MOTHOCTHIO 3HAUCHUSMU

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

Yucnosble 3HaueHUs GyHKIUHA ¢ U f He MOMKHBI 3aBUCETh OT CHUCTEMBl EIUHUIL
u3Mepenus. Bug stux QyHKIU MoxXHO ompenenuTs aubo pemas ypasHenus (1) u (2), mbo
9KCIIEPUMEHTAIBHBIM CIIOCOOOM.

N3 o6mmx cooOpakeHUi, HM3T0KEHHBIX BBIIIE, BBITEKAECT, YTO IMSITh apryMEHTOB
¢byHkuii @ u f MOKHO CBECTH TOJBKO K JBYM apryMeHTaM, KOTOpBIE MPEACTaBISIOT COOOM
Oe3pa3MepHble KOMOWHAIIMM, COCTAaBJICHHbIE W3 t, |, g m m @), TaKk Kak HMEIOTCS TpHU
HE3aBHCHUMbIE €TUHUIBI U3MEPEHUS.

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

Qo " t % (4)

Bce npyrue 6e3pa3MepHble KOMOMHALIMY, COCTABJICHHBIE U3 t, 1, g, m U @ WiIn BooO1IE U3
JTOOBIX BEJHYWH, ONpPEIENseMbIX 3TUMHU HapameTpamu, OyayT (QYHKIUSAMH KOMOMHAauui (4).

CJ'ICI[OBaTCJ'IBHO, MOJXHO HAITMCATb
|18
Q=@ @0’[ 7 R (5|)

g
N:mgf @0,1 7 . (5")
®opmyisl (5), MOTyYEHHbIE C TOMOLIBI0 METOJA PA3MEPHOCTH, MOKA3bIBAIOT, YTO 3aKOH
JBUKCHMSI HE 3aBUCUT OT MAacChl Ipy3a, a HaTSHKECHHME HUTHU IPSIMO IPONOPLUOHAIBHO Macce
rpy3a. OTU BBIBOJbI BBITEKAIOT TAK)KE€ HENOCPEACTBEHHO U3 ypaBHeHuil (1) u (2). Bennuuny

ty/g/l MokHO paccMaTpuBaTh Kak BpEMS, BBHIP@KEHHOE B CIENUAIBHOH CHCTEME €IMHHIL
U3MEpEHMs, B KOTOPOW JAJMHA MasTHUKA U YCKOPEHHE CHJIbl TSDKECTH IPUHATHI pPaBHBIMU
eIMHUILE.

O6o3HaunM yepe3 I’ kakol-HUOYIb XapaKTEpHBIH NPOMEKYTOK BPEMEHHU, HaIpUMeEp
BpeMsl JBM)KEHUS MasTHUKA MEXAY KpPaHUM U BEPTUKAJIbHBIM TMOJOKEHUSAMH WIH MEXITY
JIByMsl OJMHAKOBBIMH (ha3zaMH, T. €. MEepHoJ] KoieOaHWs, ¥ T. A. (CyIIECTBOBaHUE MEPUOIU-
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YCCKOro [JABHUIKCHHA MOXHO TIIPUHATHL KaK THUIIOTC3Y WM KaK pe3yJibTar, W3BECTHBIM U3
JOITOJIHUTCIIbHBIX )IaHHBIX). HNmeem

[
F:ﬂ(wmlagam):\Eﬁ(¢0719gam)'

¢ynkuus f; mpencrasiser co0oii 6e3pasMepHyIO BEIWYHHY, a Tak Kak U3 |, g ¥ m Henb3s
COCTaBUTH O€3pa3MepHYI0 KOMOMHAIMIO, TO OYEBHIHO, 4TO (yHKIMS f; HE 3aBUCHUT OT 1, g 1 m.

CrnenoBaTeibHO,
[
I'= \/;fz (@) (6)

®opmyna (6) ycTraHaBIUMBaeT 3aBUCHUMOCTh BpeMeHH I’ oT juinHbl MasTHUKA. [lomyuuTh
Bua ¢yHkuuun f(@p) € TOMOIIBIO TEOpUH pa3sMepHOCTH Henb3d. Onpenenenue (o)
HE00XO0UMO MPOU3BECTH TMOO TEOPETUUECKH, Ha OCHOBaHUU ypaBHeHUs (1), mnbo sKkcrepuMeH-
TaIbHO.
®opmyny (6) MOXKHO MOTYYUTh HEMOCPEACTBEHHO U3 cooTHomeHwui (5'). B camom nere,
JUTsl Iepurojia Konebanuii cootHomenue (5') gaet
Po =P Po- T %
Pemas aTo ypaBHeHue, nomyuum Gopmymry (6).
Ecnu I' ectb nepuon konebanusi, To U3 COOOpakeHUN CUMMETPUN OUYEBUTHO, YTO MEPHOJ]
I" He 3aBucHT OT 3HaKa @, T. €.
£(0o)= f2(-¢o).
CrnenoBarenbHo, GpyHKIUS f; sBIsieTcss yeTHOW (yHKIMEH aprymeHTta ¢o. IIpeamomnaras,
YTO MPpHU MaJbIX Qo GyHKIHS £r(() perysipHa, MOKHO HAMMKCATh
£2(Po) = €1 + C200” + C390" +... (7)
Jlng maneix KojeOaHUN YiIeHBI CO CTENEHSMH @ M BBIIIE MOKHO OTOPOCUTH, M AJIS
nepuoaa [ Mbl momydaem Gopmyny

I'=c¢ |—. (8)
g
Pemenne ypaBuenus (1) mokaseiBaet, 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 CHPABEAJIMBOCTh U B TOM Cllydae, €CIM BMECTO
ypaBHeHus (1) Mbl BO3bMEM ypaBHEHHE
d2
=1
rae f(p) ects mobas Gynkmus yriaa ¢. BooOmie cnpasemmuBocth dhopmyn (5) u (6)
BBITCKACT W3 E€JAMHCTBEHHOTO YCIIOBHSI, KOTOPOE COCTOMT B TOM, YTO COCTOSIHHE JBHIKCHUS
oTpeziesnsieTcs mapaMeTpaMu

t, 1, g, m, @o.
JIJis yCTaHOBJICHUST 3TOW CHCTEMBI IMapaMEeTPOB HaM TOCTYKWIM YPaBHEHHUS JIBHIKCHUS,
HO €€ MOXHO y1(a3aTB U HC HpI/I6€Fa$I K ypaBHCHI/IS'IM JOBUXKCHUS. B caMOM AcCJIC, OJd
XapaKTepUCTUKN MasTHHKA Haao yka3ath | m m. Jlaiee HeoOXoauMmo ykas3aTh g, TaK Kak
CYH_IHOCTB SABJICHUA OHpCI[CJISICTCSI CPIJIOI71 TAXKECTHU. HaKOHGI_I, HCO6XOI[I/IMO y1(a3aTB (P() nu t, TakK
KaK KOHKPETHOEC JIBIDKCHHE M COCTOSHHE JBMIKCHHUS OIPEACIAIOTCA YIJIOM KpalHero
OTKJIOHEHHS ()9 U pacCMaTPUBAEMBbIM MOMEHTOM BPEMEHH 1.

Hcmeuenue mascenoii sncuoxocmu uepes 6000C1U8
PaccMoTpuM 3amauy o CTpyHHOM ABM)KEHHUH TSKEJION JKMJIKOCTH 4epe3 BOAOCIUB (puC.
2), KOTOpBIH TPEICTaBIsAeT COOOW BEPTUKAIBHYIO CTEHKY C TpPEYTOJbHBIM OTBEPCTHEM,
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PacoyioKEHHBIM CUMMETPUYHO OTHOCUTEIBHO BEPTUKANIM, NMPUYEM YTOJ OTBEPCTHS 0 PaBEH
90°. Xuakocth BBITEKAaeT MOJ HaAmopoM h, KOTOpBI paBeH BHICOTE YpPOBHS >KMIKOCTH HaJ
BEPIINHON TPEYTrobHUKA HA JATCKUX PACCTOSHUIX OT OTBEPCTUS BOJIOCIHBA. J{JIsl MPOCTOTHI MBI
IpPUMEM, YTO COCYJA, B KOTOPOM HAaxOIUTCS XHUAKOCTb, OYEHb BEJIHK, U MOATOMY JABI)KEHUE
KUJKOCTH MOXKHO CUMTATh yCTaHOBUBIIMMCS. [Ipu cTpyilHOM NBHXKEHUM KHJAKOCTH OCHOBHOE
3HaYeHHE MMEIOT CBOWCTBAa MHEPIMU U BECOMOCTH, KOTOpPBIE XapaKTEPU3YIOTCS 3HAUYCHUSIMU
MJIOTHOCTH P U YCKOPEHUS CUIIBI TSXKECTH g.

Puc. 2. Ileperexanune TSKeN0M )KUIKOCTH YEPE3 BOJAOCIHB.

VYcTaHOBHBILIEECS TEUEHHUE XUAKOCTH 4YEPE3 PacCMAaTPUBAEMBIM BOJOCIIHB IOJHOCTBIO

OIPEENACTCS CIEAYIOIUMY TapaMeTPaMU:
p’ g: h

Bec xumaxoctu Q, BBITEKAIOIIMN Yepe3 OTBEPCTHE BOAOCIMBA B €IUHUI]Y BPEMEHH,

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

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

0
7

ABJsieTCs Oe3pa3MepHOl BEIMYMHOM. DTO OTHOLIEHUE ABIseTcsl GyHKIMEH BEJINYMH p, g,
h, 13 koTOpbIX HENB3s1 00pa3oBaTh Oe3pa3zMepHON KOMOMHALIMU, IO3TOMY MOYKHO HaIlUCaTh

_9 _¢
e
NJin
0=Cpgh, )

rae C ecth abCONMIOTHAs MOCTOSHHAS, KOTOPYIO MPOIIE BCETO ONPEICIUTh W3 OIbITA.
[MonydenHas ¢opMmyna MOJHOCTBIO ONpPEACTSICT 3aBUCHMMOCTh KOJMYECTBA MPOTEKAIOIICH
KHMJKOCTH OT Haropa h 1 OT mI0THOCTH p.

COBOKYITHOCTh PACCMAaTPUBACMBIX IBI)KCHHH MOKHO PacUIMPHTh, JOMYCKas BOJOCITHBEI
C Pa3IMYHBIMH yIJIaMH . B 3ToM ciydae cucTema ompenensiomuX MapaMeTpoB TOMOIHSIETCS
yriioMm o, u popmyna (9) mpuMeT BUI

3 5
0=Cl@pg"n™, (10)
T. €. K03 urment C Oyaer 3aBUCETD OT yIJia .

Ecnm BomocanB uMeeT npsMOyroiabHYI0 GOpMy HIMPHHON b, TO cucTeMa OnpeieNsonnx
napaMeTpoB OyaeT

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

Oyaknuo f(h/b) MOXHO ompenenuTh OMBITHBIM ITyTeM, HaOM0mas TEYCHHE Yepe3
BOJIOCJIMB PA3IMYHON IMMUPHHEI b, HO ¢ TOCTOSHHBIM h. OmpenenuB TakuM Croco0oM (YHKITUIO
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f(h/b), bopmyny (11) MOKHO TPUMEHSTH K CIy4asiM OCTOSTHHOM MIMPUHBI b=const, HO ¢ pa3nIny-
HBIM Hamopom h, T. €. kK ciry4asiM, B KOTOPBIX OTIBIT HE MTPOU3BOAMICS.

OTOT TpUMEp TMOKa3bIBaET, YTO COOOpaKEHHs, MOJYYCHHBIE C TIOMOIIBI0 METOAA
pPasMEpHOCTH, MOTYT MPUHOCUTH OOJBLIYIO IIOJNB3Y IIPH IIOCTAaHOBKE OIBITOB, IO3BOJISS
OTPaHUYMBATH UX KOJIMYECTBO M MOIYy4aTh OJarogapst 3ToMy 3KOHOMHUIO HE TOJIBKO B CPEICTBAX,
HO U BO BpeMeHH. V3MeHeHne OJHUX BETMYUH MOXKHO 3aMEHSThH B ONBITaX M3MEHEHHUEM JPYTUX
Benn4yrH. Ha OCHOBE ONBITOB, MPOU3BECHHBIX C BOJOM, MOKHO JJaTh MCUEPIIHIBAIOIINE OTBETHI O
SIBJICHUH BBITCKAaHHUS HE(TH, PTYTH U T. I.

2. 3aki04eHue

Tpu Teopembl 10100MsI COCTABIIAIOT IVIABHYIO OCHOBY TEOPHUH ITOA00US.

Bot kpaTkoe cofep:kaHue U3J10)KeHHON TEOpUH MOA00Us:

D)IlogoOuble sBIIEHHUS NPOTEKAIOT B T'COMETPUYECKH TMOJOOHBIX CHCTEMax W
OIUCBIBAIOTCS OYKBAIbHO OAMHAKOBBIMU YPABHEHUSIMH CBSI3H.

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

2)VCIoBHO OAHOPOAHBIMU (PU3MUECKUE YpaBHEHMs AETAOTCS MPUCOCAMHEHUEM K HHUM
«00yCJIOBIMBAIOLIMX PABEHCTB», KOTOPHIE YCTAHABIMBAIOT PABEHCTBO E€AMHUIIE MHIUKATOPOB
noao0usi, MOJYYalolUMXCs W3 YpaBHEHWM, 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 OJMHAKOBBI IS BCEH TPYIIIbI MOJOOHBIX
SIBJICHUI.

4)[TonoOHBI 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 (ONPEAEISAIONINE) KPUTEPUH OJMHAKOBBI.

Teopus mogobus naet, cienoBaTeabHO, OOLIME METOINYECKUE YKa3aHUs, KaK IOCTYyNaTh
B KaX/JOM OTAEIbHOM CJIy4yae IIpH aHajlu3€ YPaBHEHMM, ONMCHIBAIOLUIUX SBICHHUE, IpU
IIOCTAaHOBKE U 00pabOTKe AAHHBIX ONbITA HAJ HUM M IPU PACIIPOCTPAHEHUU PE3YIbTATOB OIBITA
Ha JApyrue sBiaeHus. Ecinu ke naHa HaTypa M HUCCIIEOBAaTh €€ XOTIT Ha MOJAEIHU, TO Teopus
oJ00Hs COAEP)KUT METOAMUYECKHE YKa3aHUS MO pacueTy U IMOCTPOCHHUIO MOJEIH, MOJ0OHOH
HaType.

OCHOBHBIE METOAMYECKHE yKa3aHHE O MPUMEHEHUH TEOPHH MOJ00us K OIBITY, OyAb TO
¢u3nUecKoe IKCIEPUMEHTHPOBAHNE HITH TEXHUYECKOE MOICTHPOBAHNE, COCTOUT B CIETYIOLIEM.

Ilpu uccnenoBaHuM SBIEHHUS HAAO YCTAHOBUTH JJISI HErO ypaBHEHMs CBS3H, AAIOLIHUE
B3aWMHYIO CBS3b (DU3MUYECKUX BEJIIMYHH, YIACTBYIOIIUX B SBJICHUU.

OTH ypaBHEHMsI JOJKHBI ObITH ()OPMYIMPOBAHBI A TOTO YACTHOIO Ciydas, KOTOPBIH
sBIIgEeTC O0BEKTOM HccienoBaHus. [IpucoequHeHre K HUM YCIOBUH OJHO3HAYHOCTH JENAECT
UCCIIeIOBAaHHE OTIPEIENIEHHBIM U 1103BOJIET IPUMEHUTH TEOPHUIO OAO0MS.

[loaTomy BO Becex ciydasiXx, KOrja ypaBHEHHUS CBSI3U MOTYT OBITh HaiIE€HbI, METOJ
aHalM3y ypaBHCHWH €CTh €AMHCTBEHHO MNPaBWIbHBIA MyThb NMPUMEHEHHUs TEOpHH MOJ00US U
TOJIBKO TOIZa, KOIZIa YCTaHOBUTh MAaTEMAaTHUYECKYI0 3aBHCHUMOCTb MEXKIYy BEJIMYMHAMM,
XapaKTepU3yIOIUMHU SBJICHHE, HE YyIAeTcs, HaUIeKHUT OOpaTUTbCA K METOAY aHalu3a
pa3MEpHOCTH. DTOT IyTh MEHEE HA/EKEH U NO3TOMY PE3YJIbTaT €ro He0OX0IUMO IPOBEPSTH HA
onsite. IM He cnenyer nmpeHeOperaTh, Tak Kak BO MHOTHX CIydasX aHajU3 Pa3MEPHOCTH JaeT
pu 00pabOTKE ONBITOB LIEHHBIE BHIBOABI.

B Hacrosiiee Bpems Teopusi NoA00Hs UMEET CIIEAYIOIINE HalpaBIeHus.

[lepBpIM 1O BpEMEHM HaNpaBICHUEM SBISETCS MPWIOKEHHE TEOPUM NON00Usd K
U3Yy4EHHIO pa3HOOOpa3HBIX TEXHUYECKUX COOPYXKEHUH U MOJETIEH.
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MopenupoBanue CTajJ0 MOIIHBIM  CPEICTBOM I  OOHApYXEHUs  Pa3IMYHBIX
HEJOCTATKOB, UMEIOIINXCS B CIEAYIOIIUX TEXHUYECKUX YCTPOMCTBAX, U JUIsl U3BICKAHUS MyTeH K
UX YCTpaHEHHUIO.

Janee MonenupoBaHHE YK€ CTajJ0 MIHUPOKO NPUMEHATbCA [JJIsi IPOBEPKH BHOBb
KOHCTPYUPYEMBIX OOBEKTOB, TaK YTO JO HMX BBINOJHEHHs, B MPOLECCEe MPOECKTHUPOBAHMS,
MOJIEJTMPOBAaHUE IO3BOJISIET COBEPIICHCTBOBATH HOBHIE, €Ille HE OMpPOOOBAaHHBIE Ha IMPAKTUKE
KOHCTPYKIIUU.

Teopust mogoOusi Hamula TakXke MPUMEHEHHE Npu 0000IeHNH pabouux MokaszaTenei
LEJIBIX TPYNI OJHOTUITHBIX MAIIMH U YCTPOMCTB, TaK YTO HAa OCHOBAaHMM OOPAOOTKU JAaHHBIX
MHOTOYHUCJIEHHBIX HCIBITAHUN OKAa3bIBACTCS BO3MOKHBIM CO3/1aBaTh HOBBIE, OCHOBAaHHbBIE Ha
KPUTEPUSX MOA00HUS, CIOCOOBI pacueTa pa3IMuHbIX TEXHUYECKUX 00BEKTOB, KOTOPHIE MPUBOIAT
K YCTAHOBJICHUIO PAllMOHAIBHBIX, CBA3aHHBIX C 9KOHOMHEN SHEPTUU PEKUMOB.

Teopust momoOusi cTajia HaydHOH OCHOBOHM 0000IIEHUS MaHHBIX (DU3HKO-TEXHHUECKUX
UCIIBITAaHUM, CBOEr0 poja TEOPUEH SKCIEPUMEHTA, YKa3bIBAIOIIEH BO BCEX TEX CIIydasX, KOrnaa
pemenue qupdepeHaNbHbIX YpaBHCHUH (U3UKH HATAIKHBACTCS Ha TPYAHOCTH, MYTh K TaKOU
MIOCTaHOBKE OIBITOB, YTO HX pE3yJIbTaThl MOTYT OBITh PacHpOCTPaHEHBI Ha BCIO 00JIacTh
U3Yy4aeMbIX SBJICHUI.

B mocnegnee BpeMs Teopus MoAoOHsI HE TOJBKO HCIONB3YET YpaBHEHHS (U3UKH IS
00001IeHNsT ONBITHBIX TaHHBIX, HO M , 0OpaTHO, IPH BBIBOJEC AU(PPEPECHIMATHHBIX YPaBHCHUN
OHa JaeT yKa3aHUs, C OJHOW CTOPOHBI, O BBEJCHUH B ypaBHEHUS KPUTEPUEB MOAOOUS U
0e3pa3MepHBIX MEPEMEHHBIX U, C IPYroll CTOPOHBI, 00 MCIOJIb30BaHUU OOOOIIECHUS METOJaMU
TEOpPUU MOJO00US ONMBITHBIX JAHHBIX, SBJSIONIMXCS UCXOAHBIMH ISl COCTaBlIeHUsl ypaBHeHHil. B
KauecTBe TMpHUMepa OSTOr0 HOBOTO HAMNpPAaBICHHUS TEOPUU TMOJ00US MOXKHO TMPUBECTU
YCTaHOBJICHUH MJs TypOYJIEHTHOTO IMOTOKAa aBTOMOJEIBHOCTH OTAEIBHO ISl TOTPAHUYHOTO
CJI0S ¥ OTJIEIBHO JJIA TYpOYJIEHTHOTO Spa, YTO MO3BOJSET MOIYUUTH 00Jiee MPOCTYI0 U TOUHYIO
dbopMyny THAPABIMYECKOTO cOnpoTuBiIeHus Tpyo. Takum oOpazoM, Teopus Moao0us Ha HAIIUX
rJIa3aX CTAaHOBHUTCS HEOTHEMIIEMOH YacThI0 TEOPETUICCKON (DHU3HKHU.

3 IloHsiTHE HAIEIKHOCTH CHUCTEM 00CIyKHBAHUSA B CeJIbCKOM X03slicTBe Teopus Hae)KHOCTH
- HayKa, U3y4aromasi:
- 3aKOHOMCPHOCTH BO3HUKHOBCHUS OTKA30B CUCTCM;
- HOPMHUPOBaHHbIE KPUTEPUU U KOJINYECTBEHHBIE XaPAKTEPUCTUKN HAIC)KHOCTH;
- MCTOABI aHaJIn3a CJIOXKHBIX CUCTCM IO KPUTCPHUAM HAAC)KHOCTHU,
- METO/IbI NOBBIIIECHUS HAJCKHOCTH;
- METOABI HUCITBLITAaHUN Ha HaOgCXHOCTh,
- METOJIbI SKCILTyaTal[i¥ CUCTEM C YUE€TOM Ha/leXKHOCTH (00O0CHOBAaHUE MEPHOAUUHOCTH
TEXHHUYCCKOI'O 06CJIY)KI/IBaHI/ISI CHUCTCM, HOPM 3aIlaCHbIX qaCTeﬁ, MECTOAO0B OTBICKAaHUA
HEHCIIPaBHOCTEHN);
- METOABI c60pa 1 aHaJIn3a CTaTUCTHYCCKHUX AAaHHBIX 00 OTKa3axX CHCTEM.

CnyJaliHbIii XapakTep BPEMEHH BO3HHUKHOBEHHS OTKa30B, CJIOXHOCTh OOBEKTOB IMO3BOJISET
3aKJTFOYHUTh, YTO MAaTEMaTHYECKUM almapaToM TEOPUU HANEKHOCTH MOXKET OBITh Teopus
BEPOSTHOCTE M MaTeMaTH4ecKas CTAaTUCTHKA, a TaKXKe TEOPHUsS MacCOBOTO OOCITYKHBAHHS
(Teopus rpadoB u e Mapkosa).

M3-3a HEBO3MOKHOCTH TOYHOTO TPEACKa3aHMs 0TKa3a KaK CIy4ailHOTO COOBITHSI MO BPEMEHU U
MECTY BO3HHKHOBEHHS CJIEIYET, YTO MOJHOCTBIO MPEAYNPEIUTh OTKA3bl HEBO3MOXKHO. OmMHAKO
MOTYT OBITh IPUHSATHI MEPHI [T YMEHBIICHUS HX YaCTOTHI.

Teopust BEpOSITHOCTEN U3ydaeT:
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a) cly4aifHble COOBITHS;

0) ciydaliHble BEJTUYHHBI,

B) CiIy4aliHbIE MPOIECCHl (caydaiHble ()YHKIINH).

Ecnmu mpu MaccoBbIX COOBITUSIX, HalpUMep, MPU MACCOBBIX HCIBITAHUSIX, 005f3aTeIbHO
MPOUCXOAUT HEKOTOPOE COOBITHE, TO TaKoe COObITME Ha3bIBaeTCs JOCTOBEepHBIM. Ecim ke
HEKOTOpO€ COOBITHE 3aBEJOMO HE MOXKET MPOM30WTH, TO €ro Ha3bIBAIOT HEBO3MOXHBIM.
CoObITHS, KOTOpBIE TPH KAXKIOM OTAEIBHOM SBJICHHH (Cllydae, HCIBITAHMM) MpecKa3aTh
HEBO3MO’KHO, Ha3bIBAIOT CIy4YaliHBIMU.

CnydaiiHOW BEIMYMHOW HA3bIBACTCS IEPEMEHHAas BEJIMYHMHA, KOTOpas B peE3yibTaTe
UCIIBITAHUHN WU MPU KAaKUXTO SIBICHUSIX MOXET MPUHUMATh TO WJIK MHOE 3HAUCHUE (Hampumep,
OTKJIOHEHHE pa3Mepa W H3JACNUsS OT HOMHHAJIBHOTO 3HAYEHUs, BpeMs O€30TKa3HOM paldoThI
U3JIeTTUH U TIp.).

CnydaiiHBIM TPOLIECCOM WM ClydailHOM (yHKIMEH Ha3bIBaeTCsd COBOKYIHOCTh
CIIy4alHBIX BEJIMYMH, OTBEYAIOIIMX pPa3JU4YHBIM 3HAYEHUSIM HEKOTOPOrO HECIy4yalHOIo
napameTpa: M3MEHEHHE JMaMeTpa IO JUIMHE BajluKa, BHYTPEHHUE IIyMbl, (IIOKTyallld B
3JEKTPUYECKUX LENsAX U T. 1.

3aKOHOM pacrpeereHus CIydaliHONW BEIMYMHBI HAa3bIBAIOT COOTHOIICHHUE, TTO3BOJISIONIEE
OTpEeAeNIUTh BEPOSTHOCTh HAXOXKJEHHUS CIy4dailHOW BETWYMHBI B JIOOOM HHTEpBale ee
BO3MOKHBIX 3HAYCHUI. AHAJIMTHYECKUM BBIPAKEHHEM 3aKOHA paclpelesieHus ClaydyaiHou
BEJIMYMHBI HapaOOTKM 10 oOTKa3zaf? sBiugercs (QyHkuus pacnpeaeneHus F, paBHas
BEpPOSTHOCTH () TOTO, YTO Cy4yailHas BeJIMYMHA f TPUMET JIF0O0€ 3HaU€HHE, MEHbIIIee 3aIaHHON
HapaboTkuT

F®=Q(t<T)

CrnenoBaTenbHO, BEPOATHOCTh OTKa3a 3a BpeMs £ uuciaeHHOo paBHa QpyHkiuu F(t) pacupenencHus
BpEMEHH HapaOOTKH CHCTEMBI Ha OTKa3. DTOT BaKHEUIIUI BBIBOJ MO3BOJISIET HEMIOCPEICTBEHHO
UCII0JIb30BaTh 00IME 3aKOHOMEPHOCTH U CBOWCTBA (DYHKIIMM PACIpEAEICHUS sl ONpeaeIeHus
nokasareneil HaleKHOCTH, T.e. QYHKUHUS pacupeleeHUus CIydalHON BETMYMHBI SBISETCS ee
MCYEPIIBIBAIOIIECH BEPOATHOCTHON XapaKTEPUCTUKOM.

MCTOIILI pacueTa HAAC/KHOCTH TEXHUYCCKUX CUCTEM

Kaaccndukanusa MeTon0B pacueToB HA/IEKHOCTH

['maBHBIM Ha3HAUYEHHEM PACUETOB HAJE)KHOCTH CIEAYET CUNTATh
- CPAaBHUTEJIbHBIN aHAJIN3 PA3IMYHBIX KOHCTPYKTHBHBIX (CXEMHBIX) BApUAHTOB U3/EIHUS
Ha CTaJUU €r0 MPOEKTUPOBAHUSA AJ11 000CHOBAHHOT'O BBIOOpA KOMIUIEKTYIOLIUX
3JIEMEHTOB, 00IIEH CTPYKTYpPHOIH CXEMBI, CIIOCOO0B PE3EPBUPOBAHUS, METOL0B KOHTPOJIS
U 00CITy)KMBaHMUS;
- OPUEHTHPOBOYHAs, IPOTHO3UpYEMast OLICHKa HaJeKHOCTH U311 Ha dTare
YTBEPKACHUS TEXHUUECKOIO IPOEKTa AJi1 000CHOBAaHHUS BBIBOJIA O TOM, UTO
IPOEKTHPYEMOE U3IEJINE MOXKET ObITh U3TOTOBJIEHO YJOBJIETBOPSIOIINM TPEOOBAHUIM
10 HaJI&)KHOCTH;
- OPUEHTHPOBOYHAs, IPOTHO3UPYEMast OLIEHKa HaJEKHOCTH CIO0XKHOI0 M3/€IMs Ha dTale
0TpabOTKH OMBITHOrO 00pasua /st 000CHOBaHMsI paclpeesieHus TpeOoBaHUH K
Ha/Ie)KHOCTH YacTell u3zenus 1 000CHOBaHHOTO, XOTS U OPUEHTHUPOBOYHOTO,
OIIpeZIeNIEHUs] COCTaBa U KOJIMYECTBA 3alaCHBIX YaCTEW U CPOKOB 0OCTYKUBAHUS.

[IpuMeHUTENPHO K CTaAMAM JKU3HEHHOTO LUKJIA CHCTEM pa3INYaioT pacuemst Ha
cmaouu npoekmuposanusn (IPOrHOZUPYIOIIME pacueThl) W Ha CTaAUM SKCIUIyaTallud U
UCIBITaHUH (IJIaBHBIM 00pa3oM - KOHcTaTupyrouue pacueTsl). K mepBoil OTHOCSTCS pacueTsl,
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OCHOBaHHBIC HA aHAIM3€ CTPYKTYpPhl CHUCTEMBI M 3aJaHHBIX YCJIOBHH paboThl. X mpuHSATO
Ha3bIBaTh PACUYCTHOAHAIMTHYCCKUMH WM pacueTaMH HaJIeKHOCTH. Ko BTOpoH - pacuersi,
CBsI3aHHBIE ¢ 00pa0OTKOM Pe3yabTATOB AKCIEPUMEHTA WM dKcIuryatanuu. OHU Ha3BIBAIOTCS -
PacYETHOIKCIIEPUMEHTATBHBIMU HJIM 0OpAaOOTKOW OMBITHBIX, CTATHCTHYECKUX MaHHBIX. [lo
MPUHIMITAATHFHBIM OCHOBAM PACUETHI JENSATCS Ha AJIEMEHTHBIC (CHCTEMHBIC) M ()YHKIIMOHATHHBIC
(4acTHBIM CITydaeM KOTOPBIX SIBIISFOTCS pacUeThl MapaMEeTPUUIECKUE).

Ilo xapaxkmepy yuumolgaemvlx 0mKa306 pa3INdarOT pacueThl ¢ y4€TOM OJIHOTO BHJIA
OTKa30B (BHE3AIHBIX, TOJHBIX) U C YUETOM XapaKTEPUCTHUK OTKa30B (BHE3aIHbIC, TOCTETICHHBIC,
MOJTHBIC, YaCTUYHBIC, THIIA 3aMbIKAHKUE, OOPBIB, COOU U T.1.).

Ilo 6udy cucmem - pacdeTbl POCTHIX CHUCTEM M CIIOKHBIX CHUCTEM. PacdeThl mpOCTHIX
CHCTEM B CBOIO OYEpE/Ib JCIISTCS Ha pacueThl PE3ePBUPOBAHHBIX U HE PE3CPBUPOBAHHBIX CUCTEM,
cucteM 0€3 BOCCTAHOBJICHHMSI U C BOCCTAHOBJICHHEM. PacyeThl CIOXKHBIX CHCTEM JENATCS Ha
pacdeTsl HaJeKHOCTU KOHTYPOB YIIPaBJIEHUS U PACUETHl COCTOSIHUM CHCTEM.

Hx pa3ButHe wuaer mo MyTH pa3pabOTKH Bce HOBBIX Mojeieil pacuera. PeanmbHbie
CHUCTEMBI COOTBETCTBYIOT MOJICIH pacyeTa ¢ HEKOTOPHIM KO3 (DHIIMEHTOM IO00HS.

W3 mpuBeneHHBIX B KJIACCH(PUKAIMK PACYCTOB HAIEKHOCTH HamOoJiee MPOCTHIMU M
OCBOCHHBIMH SIBJITFOTCS 3JIEMEHTHBIM, CHCTEMHBIA pacdeT C y4eTOM OJHOT0 BHJAa OTKA30B
(BHe3amHOTO, TOJHOTO). K Hambonee TpymoeMKUM OTHOCATCS (YHKIIMOHAIBHBIH pacuer ¢
Y4E€TOM XapakTepa OTKa30B (0COOEHHO cOOEB), a TakKe pacyeT HaJCKHOCTU CJIOXKHBIX H
OOJIBIITUX CHCTEM YIPaBJICHUSI.

4. IlyTu mojiyyeHusi JAaHHBIX: BCeOOMI KOHTPOJIb, BBIDOPOYHOE HCCIeJ0OBAHMNE,
IJIAHMPOBAHNH IKCIIEPUMEHTA
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BribopouHoe uccnenoBaHue NPEACTaBISIET COOOM CIOCOO cHcTeMaThdeckoro cOopa
JAHHBIX O NOBEJEHMM M YCTAHOBKaX JIOJIEH MOCPEACTBOM ONpoOca CIELHANbHO MO0A00paHHOM
TPYMNIBl PECHOHJCHTOB, JAIONMMX HH(pOopMaIHio o cede u cBoeM MHeHHU. CBOe Ha3BaHUE OHO
nojay4yusio Ojarojaps MCIIOJIB30BaHUIO CIELUAIBHOM mpouenypsl oTOopa U3 OIpOMHON
COBOKYIHOCTH €IWHMI] HCCleoBaHusl (T€HEepaJbHON COBOKYIMHOCTH) HEOOJBIION YacTu
(BBIOOPOYHOM COBOKYITHOCTH), KOTOpasi O4EHb TOYHO OTPa’kaeT OCHOBHBIE MapaMeTphl IEJO0TO.
[Ipouenypa moctpoeHuss BbIOOPKM OCHOBaHa Ha METOJAaX MaTEeMaTHYECKONW CTAaTUCTHKU U
Oasupyercss Ha IpPUHLMIAX TEOPUU BEPOATHOCTH. BpiGopouyHoe wuccienoBanue Oonee
HPKOHOMUYHO U HE MEHEE Ha/IeKHO, YEM CIUIOIIHOE, XOTs TpeOdyeT 6osiee N30IPEHHON METOIUKU
U TeXHUKU. B KkaTeropuio cHenuaancTOB IO BBIOOPOYHBIM HCCIEAOBaHMUIM (Survey
Research) BxmouatoT wuccienoBareneid B MapKeTHMHIOBO - HCCIEAIOBATEIbCKUX (upmax,
OpraHu3alysaX, M3Yy4alolMX OOIIECTBEHHOE MHEHME, TIOCyJapCTBEHHBIX OpraHax, Ou3Hece,
TEJIEBUJCHNN, HEKOMMEPUYECKUX HMHCTHTYTaX, a TaKkke B (pupmax, 3aHUMAIOIIUXCS OMPOCHOM
CTaTHUCTUKOU (survey statistics), MOJINTHYECKUMH, 9KOHOMHYECKUMH, COLIMAJIbHO-
IICUXOJIOTMYECKUMHU U PHIHOYHBIMU UCCIIEJOBAHUSIMH.

Bomnpockl, Ha KOTOpble OTBEYAIOT CIy4YalHO MOMNABIINE B BBIOOPOYHYIO COBOKYIHOCTb
PECTIOHEHTHI, MOTYT OBITh KaK MMCbMEHHBIMH, TaK U YCTHBIMH. B nepBom ciyuyae BEIOOpOUYHOE
HCCIICJOBAHNE HA3bIBACTCSI AHKETUPOBAHHMEM, BO BTOPOM -- HHTEpBbIOMpoBaHueM. Ilomumo
TPaJULIMOHHOIO AHKETHUPOBAHUS U TPAJUIMOHHOTO WMHTEPBBIO (HAa COBPEMEHHBI MaHEpP OHO
Ha3blBaeTcs face-to-face MHTEpBBIO, WM JMYHOE WHTEPBBIO) CErOAHS HUCIOJIb3YIOTCS HOBBIE
METOJUKH, B YACTHOCTH HHTEPHET-0NPOC (OH-TaiH-0IIpOC), TeNe()OHHOE NHTEPBBIO U T.1.

TpaauuroHHOE aHKETUPOBAHUE 32 PyOEKOM MMEHYETCsl MUCbMEHHBIM onpocoM (Written
Survey). BblaensioT DNOYTOBBI ONpOC, TPYIIIOBOE AHKETHPOBAHME, HWHAMBHUIYAJIBHOE
AHKETUPOBAHHUE.

[IpumeneHne  BBIOOPOYHOTO  METOAA,  B3aMEH  CIUIOIIHOIO,  MCIOJIb3YEMOIO
rOCyJapCTBEHHON CTaTHCTUKH, [aeT BO3MOXHOCTb TINy0)ke OpraHu3oBaTh HaONIOAEHUS,
o0OecnieunBaeT OBICTPOTY €ro IPOBEICHMs, MPUBOJUT K 3KOHOMUHM CpPEACTB U TpyAa Ha
noJIydeHue u 00paboTky nHpopMaIuu.

Bre160opouHBIli METOJ HMcCaeloBaHUS - 3TO HauOoJsiee COBEPIIEHHAs C HAay4YHOM TOYKH
3peHUsl PAa3HOBHJIHOCTh HE CIUIOIIHOIO CTaTUCTHYECKOTO MCCIEAOBAaHHA Ha OCHOBE
CTaTUCTUYECKOM HMHIYKLHMHM, TPU KOTOPOM  XApAKTEPUCTUKU BCEH  CTATUCTUYECKOU
(reHepasibHOM) cOBOKYMHOCTBIO (N) MOJy4aroTcs B pe3ylbTaTe U3y4EeHUs HEKOTOPOil ee yacTu
(n), oTOOpaHHOM C COOJIIOJIEHUEM OIpEAEIECHHBIX NMPaBUil (Ha OCHOBE CilydailHOro otdopa) u
MI02TOMY SIBIISIOLIEICS pPENPE3CHTaTUBHOM, T.€. PENIPE3EHTATUBHON U JOCTOBEPHOM.

CamMblii BaXHBIN IpU3HAK BEIOOPOYHOIO UCCIIEIOBAHUS - CIydallHbIM XapakTep BbIOOPKH,
a TJIaBHasl €ro 0COOEHHOCTh 3aKJIIOYAETCs B TOM, YTO IPU OTOOpE €IMHUL] COBOKYIHOCTHU IS
obOcnenoBaHusl 00ecIeunBaeTCsl paBHasi BO3MOXHOCTh B OTOOPAHHYIO YacTh 000 U3 eIUHUIL.

ITpu mocTpoeHuu COLMOIOTHYECKOH BBIOOPKH HCIONb3YeTCs] MHOXKECTBO CIELHaTbHbBIX
TEPMHHOB, B TOM YHCJI€ IBa BaKHEHIINX -- FeHEpaIbHAasi U BHIOOPOYHAsi COBOKYITHOCTH.

I'enepanbHasg coBOKynHOCTh (N) - COBOKYNHOCTb €IMHHI, U3 KOTOPOH NPOU3BOIAUTCS
0TOOp HEKOTOPOH MX YaCTH JUIsl CTATUCTHYECKOIO UCCIIEJOBAHMUS.

Bbi0opouHast COBOKYMHOCTh (n) - COBOKYNHOCTb €IMHUI], KOTOpas OToOpaHa Wu3
reHepalbHOH COBOKYIHOCTH M TOJBEPrHyTa HAOJIIOJEHUIO (PErMCTpalMy MHTEPECYIOLUX Hac
MIPU3HAKOB).

I'enepasibHasg COBOKYIHOCTBH (a CJIEIOM 3a HEM M BBIOOPOYHAs COBOKYIMHOCTb) MOXKET
ObITh KOJIMYECTBEHHOM WIJIM KaueCTBEHHOM, YTO 3aBHCUT OT TOIO, SIBIAIOTCA JIM HPU3HAKU
CBOMCTBa €IWHHUIl HAOIIOJIEHUS KOJMYECTBEHHBIM (BO3pPACT) MM KAauyeCTBEHHBIM (IOJI). DTO
pa3nuuhe NpeArnoyiaraeT, 4ro CTAaTUCTHYECKOE OINHCAHHWE COBOKYMHOCTH IpPUHUMAET JHO0
dopMy cpenHuX apupmeTHuecKux, 0o Qopmy yaenpbHoro Beca (nosnu). CoBepIIEHHO
€CTECTBEHHO, UYTO MEXJy J3THMM I[OKa3aTeasIMH (CPEJHUMM WM JOJSMU) TEHEepalbHOH Hu
BbIOOPOYHON COBOKYNHOCTSIMHM HMEETCSl KaKoe-TO pas3iuyue, HMHaye TOBOPs, CYLIECTBYET
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omnOKa B ONpEAENCHUU IOoKas3aTenaell (CpeqHUX WIM J0JIed) BBIOOPOYHONW COBOKYIHOCTU
MMEHHO ITOTOMY, YTO IOCIEAHSS SBJIAETCA YaCThIO T€HEPAIbHOU COBOKYITHOCTH.

OmuOKkM  penpe3eHTAaTUBHOCTH  MPEACTABIAIOT  COOOM  PACXOXKICHHE  MEXAY
[OKa3aTeasIMM BbIOOPOYHON U TI'eHEpaJIbHOW COBOKYIMHOCTH, IOJUUHSIOTCS ONpeAEICHHbIM
CTaTUCTUYECKUM 3aKOHOMEPHOCTSIM, YTO M IIO3BOJISIET PACCUMTBHIBATH OOBEM BBHIOOPOYHOU
COBOKYNMHOCTH. OHU MOTYT OBITh CUCTEMAaTUYECKUMHU M CllydailHbIMH. Eciy nepBble BO3HUKAIOT
B CBA3U C OCOOCHHOCTSIMU IIPUHATON CUCTEMBI 0TOOpa U 00pabOTKU JaHHBIX HAOIIOJCHUM WU B
CBSI3U C HapyIIEHUEM YCTAHOBJEHHBIX MpaBWJI 0TOOpA, TO BTOpPBIE - CIEACTBUE HEAOCTATOYHO
pPaBHOMEPHOTO IIPEJICTaBIEHUs] B BBIOOPKE OTAEIBHBIX BHMJIOB €IUHUI] TI'€HEPaIbHOU
COBOKYITHOCTH.

I'maBHOI mpoOGeMOI BBIOOPOYHOTO METOJA SIBISIETCA TO, HACKOJIBKO YBEPEHHO MOXKHO
II0 CBOMCTBAM OTOOpPAaHHBIX OOBEKTOB CIEIUTh O JAECHCTBUTEIBHBIX CBOMCTBAaX TIeHEpalbHOU
COBOKYIIHOCTHU. [10 3TOMY BCSIKOE CyXAECHHE, CAECIaHHOE HA OCHOBE BBIOOPKH, HEN30€HKHO UMEET
BEPOSTHOCTHBIM XapakTep, M 3ajJadya CBOJUTCS K TOMY, 4YTOOBI CTENEHb BEPOSTHOCTH
IPABUJIBHOCTH CYKJIEHUS (TOYHOCTh CTATUCTUYECKUX OLIEHOK) Oblia, BOZMOXKHO, OOJNbIIEH.

IlnanupoBanue 3xkcnepuMeHTa (experimental design techniques) — KOMIUIEKC METOI0B

MaTEeMaTUYECKON CTAaTUCTHKH, HAIpPABJIECHHBIX Ha IIOCTAaHOBKY OIBITOB U IPOBEIEHUE
palMoOHAIBHBIX U3MEPEHUH, TOABEP)KEHHBIX CIy4alHbIM OLIMOKAM.
OO0mas cxema NMPOBENEHUS SKCIEPUMEHTA BBIMIAIUT cleAyomuM olOpa3zom. Co ciaydyailHbIMU
OLIMOKaMU U3MEPSAETCs] HEKOTOPBIE BBIXOAHbIE IEPEMEHHBIE U3y4aeMOM CUCTEMBI, 3aBUCAIINE OT
HEM3BECTHBIX 3HAYCHUU MapaMeTPOB M M3BECTHHIX 3HAUYECHUH MEPEeMEHHBIX-(PAKTOPOB, a TaKXkKe
U3 BO3MOXKHBIX B3auMozelcTBUA. OCHOBHAs 1I€JIb IUIAHUPOBAHUS YKCIIEPUMEHTA — JOCTH)KEHUE
MaKCHUMaJIbHOW TOYHOCTH M3MEPEHUHN NP MUHUMAJIBHOM KOJIMYECTBE MPOM3BEICHHBIX OIBITOB
Y COXPAHEHUU CTATUCTUYECKON JOCTOBEPHOCTH PE3YJIBLTATOB.

OCHOBHBIE 3Tallbl JIAHUPOBAHUS IKCIIEPUMEHTA!

VYcraHOBIIEHHE 1€MM JKCIEPUMEHTa — IIOCTAaHOBKAa LeNed W 3ajad IPOBEICHUS
IKCIEPUMEHTA;

YTo4yHEeHue ycnoBuil MpoBeIeHHsI SKCIIEPUMEHTa — BBIOOP 000pyAOBaHMs, CPOKOB PadoT,
croco0a MpoBeIeHUs HIKCIIEPUMEHTA U T.I1.;

BbeiOop BXOIHBIX U BBIXOAHBIX IapaMeTPOB — BHIOOp 3aBUCHUMOI H3MepseMoii
IEPEMEHHOM, OIIPEIeIEHNE CITy4allHbIX U JJETEPMUHUPOBAHHBIX HE3aBUCUMBIX IEPEMEHHBIX;

YcraHoBiieHHE HEOOXOJMMON TOYHOCTH Pe3yIbTaTOB U3MEPEHUI — BEIOOp KOMIIpOMHUCca
MEXJy MMUHMMAJIbHBIM YHCIIOM MCIBITAHUM U CTAaTUCTUYECKOH JTOCTOBEPHOCTBHIO IMOJIy4aeMBIX
pe3yJIbTaTOB;

CocraBneHue njaaHa ¥ IpOBEACHHUE SKCIIEPUMEHTA — KOJIMYECTBO U MOPSAIOK UCIBITaHUH,
3aJlaHie COBOKYITHOCTH 3HA4YEHUI 3aJjaBaeMbIX I€pPEeMEHHbIX-()aKTOPOB U UX B3aUMOJICHCTBUI B
IKCIEPUMEHTE;

Cratuctuyeckas oOpaboTKa pe3ylbTaTOB »SKCIEPUMEHTa — IPUMEHEHUE METOJI0B
MaTeMaTUYECKON CTaTUCTUKM JUIsi OOpaOOTKH pe3yibTaToB, INMOCTPOCHHE MaTEeMaTHUECKON
MOJIEJIH IKCIIEPUMEHTA;

®opMyIupOBaHUE BBIBOIOB.

[InannpoBaHue SKCIEPUMEHTA HIMPOKO MCIIONB3YIOT B IMPOMBIIIJICHHONW CTaTHCTHKE. B
YCIOBUSAX IPOMBILIUIEHHOTO SKCIIEPUMEHTA €r0 OCHOBHAs L€Nb 3aKJIOYaeTCsl B ONPEICIICHUN
MaKCHUMaJbHOIO  KOJMYECTBa HWHPOpPMALMU O BIMSHUM HU3y4daeMbIX (akTOpOB Ha
IIPOU3BOJCTBEHHBIN MPOLIECC C MOMOIIBI0 HAUMEHBUIETO YMCIIa JOPOTOCTOSAIINX HAOIIOACHUMN.
MeTonpl aHanu3a JaHHBIX IPOMBINUICHHBIX OJKCIIEPUMEHTOB ONHUPAIOTCA Ha TEOPHIO
BEPOSITHOCTEM M METOABl MAaTE€MaTHYeCKOW CTAaTUCTUKHU: KOPPEISALUOHHBIM  aHAIU3,
PErpecCUOHHBIN aHaIu3, IUCIIEPCUOHHBIN aHAIN3.

5. DKcnepTHBIE OLEHKHU
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JIkcnepTHas oneHka (methods for expert evaluation) — 3To MeTo noucka U pe3yabTaT
IPUMEHEHHS METOJa, IOJyYECHHBI Ha OCHOBAaHMM HCIOJb30BaHUS IIEPCOHAIBHOIO MHEHUS
JKCIIEpTa WU KOJUIEKTUBHOTO MHEHUS IPYIIIBI 3KCIIEPTOB.

JKCMepT — KOMIIETEHTHOE Il BEIPAOOTKHU OLIEHKH JIMI0, UMEIOIIee CIIeHUaIbHBIA ONbIT
B KOHKPETHOW 00JIaCTH M Yy4acTBYIOIEE B HCCJIEIOBAaHUU B KAaueCTBE MCTOYHHMKA IOJyYEHUs
uHpopmanuu. O4eBUIHO, B KaUeCTBE 3KCIEPTOB HEOOXOIUMO HCIIOJIB30BaTh TEX JIOJEH, UbU
CYXKIECHHS NOMOIYT MNpPHHATHIO afekBaTHOro peuieHus. Ilpu mombOope skcmepToB cienyer
YUUTBIBaTh OINACHOCTH JIMYHOM 3aMHTEPECOBAHHOCTU B TOM MJIM HWHOM pELIEHUH, KOTOPBIH
MOJKET CTaTh CYILIECTBEHHBIM MPENSATCTBUEM ISl MOTYYEHHUS] OObEKTUBHOTO PEILICHUS.

MeToabl 3KCIEPTHBIX OL[EHOK — 3TO METO/Ibl OpPraHU3aluu paboThl CO CHENHATNCTaMU-
JKCIEpTaMU U 00pabOTKM MHEHHM SKCIIEPTOB.

CymHOCTHL MeETOJ0B JKCIHEPTHBIX OLIEHOK 3aKJII0YacTcd B TOM, 4YTO B OCHOBY
IIPUHATOTO PELIEHUs, IIPOrHO3a, BBIBOJA 3aKJIAIbIBACTCS MHEHUE CIELHUAINCTa WIH KOJUIEKTUBA
CIELMAINCTOB, OCHOBAHHOE HAa MX 3HAHUAX M MPAKTUYECKOM NpOo(hecCHOHAIbHOM omblTe. B
IEPBYK0 O4Yepelb, OSKCIEPTHOM JOCTOMHA Ha3bIBaTbCd TOJIBKO Ta OLEHKA, KOTOpas
IPUIEPKUBAETCS MPaBHII OOBEKTUBHOCTU U YECTHOCTH.

MeToabl NOTy4eHHUs IKCIEPTHOM OLIEHKH:

. Ha OCHOBe KONIEKMUBHOU pabomul IKCNEPMHOU epynnsl, KOTJa UTOrOBask OLEHKa
IPEJICTaBIsIET COO0M KOJIJIEKTUBHOE MHEHME SKCIIEPTOB, MOJYyYEHHOE METO/IOM KOHCEHcyca —
IPUHATHEM PELIeHUs Ha OCHOBE 00IIero coriacus 6e3 NpoBeJeHUs TOJI0COBaHUS;

. Ha OCHOB8E UHOUBUOYANbHO20 MHEHUs YIEHOB SKCHEPTHOW IpYIIIbl, HE3aBUCHMO
JpYT OT Apyra GOpMyIUPYIOIINX OLEHKY MJIM HA OCHOBAaHUM MHEHHUS JIMepa MHEHUS.

Metoabl KOJIEKTMBHOH pPadoThl IKCHEPTHOH TPYyNIbI IPEANOIAraloT MOJyYeHHE
00I11er0 MHEHHUS B X0/1€ COBMECTHOTO 00CYKIEHUS pelIaeMoi mpooaemsl.

. M03206as amaka (M0320601 wimypm)— BBICTYIIJICHHE HKCIEPTOB, Ha KOTOPHIE
HAJIO’)KEHO OJTHO OTPAHUYCHUE — HEIIb3s1 KPUTUKOBATh MPEIUIOKEHUS IPYTHX;
. MemoO «635» — omHA W3 PA3HOBHIHOCTEH Mo3roBou ataku. Lludpsr 6, 3, 5

0003HAYalOT MIECTh YYACTHUKOB, KaXbIi M3 KOTOPBHIX IOJDKEH 3alucaTh TPU UIECHU B TEUCHHE
ATH MUHYT. JIuct xoaut no kpyry. Takum oO6pa3zoM, 3a o4aca KaKIblil 3alIUIIET B CBOM aKTUB
18 uneii, a Bce BMecte — 108;

. 0enoeasi uecpa — MeToJl, OCHOBAaHHBI Ha MOJEIMPOBAHUHU (YHKIHOHUPOBAHUS
COLIMAJIbHOW CHCTEMBI YIIPABJICHUS IIPH BBIIIOJIHEHNUHN ONEpaluii, HAIPaBICHHBIX Ha TOCTH)KEHUE
IIOCTaBJICHHOW LIEJIN.

. OoYyenKa Komuccueu — ONUH W3 METOJIOB JKCIIEPTHBIX OLIEHOK, OCHOBAHHBIA Ha
paboTe cnenualbHbIX KoMHUCCUH. ['pynmbl skcriepToB 3a "KpyriibIM CTOJIOM" 00CYKAAOT Ty WIN
UHYIO IPOOJIEMY C LEJIbIO COTIACOBAHUS TOUYEK 3PEHUS U BHIPAOOTKU €IMHOIO MHEHHUS.

. "cy0"— MeToJ, pealn3yeMblil 110 aHAJOTUU C BEIEHUEM CyAeOHOro mpolecca,
KOTJa B pOJIM "MOACYIUMBIX" BBICTYNAIOT BBIOMpPAEMble BAPUAHTHI PEILICHMS,;

Metoabpl moJy4eHMsI WHAMBHAYAJIbHOI0 MHEHHS WICHOB S3KCIEPTHOM TIPYIIIBI
OCHOBAaHbl Ha TNPEABAPUTEIBHOM MOJYyYEHHH HH(GOpPMAIMKU OT 3KCIEPTOB, ONpPAIINBAEMbIX
HE3aBUCUMO JIPYT OT JIpyTa, ¢ mocleaytomiei 00padoTKOM MOTy4YeHHBIX TaHHbBIX.

. memoo "/lenvghu""— pa3zpaboTka MPOrpPaMMBbI MOCIEAOBATEIBHBIX MHOTOTYPOBBIX
WH/IMBUIYAIbHBIX OMPOCOB;

. MemooO unmepavio Mpeanoaaraet 6ecey ¢ SKCIepToM Mo CXeMe BOIIPOC — OTBET;

. MemoO Ooknada MpelyCMaTpuBaeT TIIATEIbHYIO CaMOCTOSITENbHYIO paboTy

OKCIICPTa Hal aHAJIM30M, C IPCAOCTABJICHUEM MHCHUS B BUIC AHAJIMTUYECKOM 3aIMMCKH.

Cnoco0bl BblpﬂﬁOTKPl KaK KOJUICKTUBHBIX, TdK U IICPCOHAJIbHBIX SKCIICPTHBIX OIL[CHOK!

. OYeHKa Ha OCHoge accoyuayuti — cocod, OCHOBaHHBIN Ha U3yUYE€HUHU CXOXKEro IO
CBOIcTBaM 00BEKTa C APYTUM OOBEKTOM;
. OYeHKa Ha OCHO8e NONApHulx (OUHAPHLIX) CpasHeHull — cnocob, OCHOBAHHBIA Ha

COIIOCTABJICHUHU JKCIICPTOM AJIbTCPHATUBHBIX BAPHUAHTOB,
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. oyenka HA  OCHOBe GEeKMOPO8 NpeOnoumeHuli —CrIocod, OCHOBAHHBIHN
Ha 9KCIIEPTHOM aHalu3e U rmepedopa Bcero Habopa albTepHATUBHBIX BAPHAHTOB U ONPEACICHUH
HauboJee MPeANnOYTUTENBHOTO.

. OYeHKa HA OCHO8e (POKAbHLIX 00BEeKmM06 — CTI0CO0, OCHOBAHHBIN HA MIEPEHECEHUH
MPU3HAKOB CIIy9aifHO OTOOPAHHBIX AHAJIOTOB HA UCCIIETyEeMBIi OOBEKT.
. OYeHKa Ha OCHOGe NOUCKA CpeoHell  mouku—  (QOPMYIHPYIOTCS  1Ba

IbTEpPHATUBHBIX BapuaHTa pemeHus. [lociae 3Toro skcnepty HEOOXOIUMO MOA00paTh TPETHA
albTEPHATUBHBIA BapHAHT, OLIEHKA KOTOPOr'0 PAaclojOKeHa MEXAY 3HAa4YCHHUM MEepBOU U BTOPOU
aJIbTEPHATUBBI.

IIpuMeHMOCTH METOa IKCHEPTHBIX OLIEHOK. DKCIIEPTHBIE OLICHKH NIPUMEHSIOTCS Ha
A1000M FTare UCCIeI0BaHuUs: B ONPEAEIICHUY 1IEJIU U 33Ja4l CaMOI'0 UCCIIEI0OBaHMs, B
IIOCTPOCHUHU U NPOBEPKE TUIOTE3, IPH BBISBICHUHU NPOOJIEMHBIX CUTYAIHil, B X0/1€
UHTEPIpETalnU KaKuX-T100 MPOIecCcoB, COOBITUH HIN (PAKTOB, IUIsi 0OOCHOBAHMS aJeKBaTHOCTH
UCII0JIb3yeMOI0 HHCTPYMEHTApHsl, B IIpoliecce BhIpa0OTKH peKOMEHAAUH U T.1. DKCIEPTHBIE
METO/Ibl OLICHKU IPUMEHSIOT B CUTYalLlUsX, KOTJa BBIOOp, 00OCHOBAaHHUE U OLIEHKA PELICHUH He
MOT'YT OBbITh BBIITOJIHEHBI HA OCHOBE TOYHBIX PAacy€TOB.

1. 4 Jleknus Ne4 (2 yaca).

Tema: « TeXHUKO-IKOHOMHUYECKHE MOIeJH ONITUMU3ALMH TAPAMETPOB U PEKMMOB Pad0ThI
MAaIllIuH U 000PYy/10BaHUD)

1.4.1 Bonpocsl JieKIuM:

1. Llenu TeXHUKO-3KOHOMHYECKOI OLIEHKH MapaMeTPOB U PEKUMOB MAIlIUH U
000py/I0BaHUs B CEIBCKOM XO35HCTBE

2. [Ipumepsl Mozenel OLIEHKH 11eeCO00pa3HOCTH MHHOBALMOHUPOBAHUS

3. CymHOCTb IMHEHHOTO MPOTPAMMUPOBAHHUS

1.4.2 KpaTtkoe coaep:xkaHue BOINPOCOB:

1. le1u TeXHUKO-9KOHOMHYECKOI OLIeHKH AapaMeTPOB U Pe:KUMOB MALIIMH U
000py10BAHUA B CEJILCKOM XO03sIiiCTBE

Henu mexHuKo-)KOHOMUYECKO20 _aAHAIU3@ KOHCTPYKIUNA MaIllMH MOTYT  OBIThH
pa3IMYHBIMHU:  OLIGHKA  IMOTPEOMTENbCKUX  KAueCTB  IMPOCKTUPYEMOW  MaIlWHBI, €€
KOHKYPEHTOCIIOCOOHOCTH TI0 CpPAaBHEHHIO C JEHCTBYIOIIMMHU, a TaKXe IMEPCIeKTUBHBIMU
MaliMHaM{d ~ QHAJIOTHYHOTO  JKCIUIyaTallAOHHOTO Ha3HAa4YeHWs, OTOOp HawiIydlmed 1o
HSKOHOMHUYECKUM T[IOKa3aTesiiM KOHCTPYKLIIMM W3 MHOTHMX BapuaHTOB W T. JA. Bapuant
KOHCTPYKIIMU MAaIIMHbI, MPUHUMAEMON K TMPOU3BOJCTBY, MOJDKEH HMETh CYIIECCTBEHHBIE
npeuMyllecTBa MO CPaBHEHHMIO C JIpYTUMH BapuaHTaMH: O0OecleuuBaTh  BBICOKYIO
MPOU3BOUTEIHPHOCT OOIIECTBEHHOTO TPY/Ja U BHICOKOE KAYECTBO MPOU3BOJAMMON MPOIYKITUH;
o0seryarb TpyJ paOOTHUKOB U Ap.

Hcnwuumenvno 001bui0e _3HaueHue _uUmMeemCcBOCBPEMEHHOCTh U BBICOKOE KayeCTBO
TEXHUKO-IKOHOMUYEeCKOro ananusa (T9A4). B mnpakTthke, K COXaJICHUIO, MHOTOYHCICHHBI
ciaydad, -Korja wu3-3a HH3KOro kadectBa TOAHOBBIX KOHCTPYKUMH WJIM TMO3JHETO0 €ro
MPOBEJICHUS B MPOW3BOJCTBO MPUHUMAIUCh SKOHOMHYECKH Hed(hdekTrBHBIE MamuHbL. [laxke
pacueTsl, MPOBEJACHHBIE 10 Hayajga CEpUMHOTO M3TOTOBJICHUS HOBOW MAIlMHBI, HE MCKIIOYAIOT
ONPEACIEHHBIX IOTEPh, CBS3aHHBIX C 3arpaTaMM Ha CO3JaHHE U OCBOCHUE HOBOM
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texuuku (COHT) B Tex cnydax, Korjga »JTa MalllUHa OKa3bIBAa€TCs SKOHOMUYECKH
Hed(h(PEKTUBHOM.

VYxe K KoHIY (OpMUpOBaHHUS MPUHLUIHAIBHON CXEMbl MAalIUHBI U OCHOBHBIX €€
XapaKTepUCTHUK MpepeniaeTcs mpuMepHo 75 % 3arpaT Ha ee M3TOTOBJIEHHE W JKCIUIyaTalluio,
xotd 3arpatsl Ha COHT eme He nocturim u 5 % obmell cymMMbl. B cBA3M ¢ 3TUM pacueTsl
9KOHOMMYECKOH 3¢ (EeKTHBHOCTH HOBOM MAalIMHBI JODKHBI HAUMHATHCA elle Mpu paszpaboTke
TeXHUYecKoro  3ananus (73) u MIOCTEIIEHHO  YTOYHSATHCS (KO  Mmepe  HAKONJIEeHUs
uHgopmayuu) Ha BCceX CTAIUAX MPOCKTHPOBAHUS, YTOOBI KaK MOXKHO PaHbIIE MPEIOTBPATUTH
BO3MOKHOCTH MOJIYY€HHS IKOHOMUYECKU HEAI(D(PEKTUBHON KOHCTPYKIUU.

Heo6x00umo _obecneuump NOCTaTOUHO BBICOKYIO TOYHOCTH pAacuyeToB Ha OCHOBE
orpanndeHHo nmHpopMmanuu. CKyIHOCTh MCXOAHON HH(OPMAIMK OCOOCHHO XapaKTepHa Ui
IPEIPOEKTHON 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 CTAAUAX HEOOXOAMMO UMETh YBEPEHHOCTb B TOM, UYTO 3THU
3HaYeHHUs BHIOpaHbl NPAaBWIBHO W JajibHeWmas pa3paboTka MpoekTa Ha uX 0asze jgacT
YKOHOMHUYECKHU IP(EKTUBHEBIE PE3YIIbTATHI.

Cpedu _mexHurko-skoHomuueckux _noxazamenei 6 cgepax COHT u_npou3zsodocmea
gvloenam:

Pacxonnple mokaszaTtenu - MaTepUaioeMKOCTh U TPYIJOEMKOCTh, HA OCHOBE KOTOPBIX
NPOTHO3UPYIOT B pAlle CiIydyaeB Cce0ECTOMMOCTh MAIlUHBI, €IWHOBPEMEHHBIE 3aTpaThl
Ha COHT, kanuTanoBnoXeHus B TPOU3BOJICTBO.

YHu(UKaIUOHHBIE U CTaHJAPTU3ALMOHHBIC MMOKAa3aTeld, CYIIECTBEHHO BIMSIONIME Ha
BEJIMYMHY EIMHOBPEMEHHBIX M TEKyIIUX 3arpaT B cdepax MPOM3BOACTBA U SKCILTyaTalluu
MAIIHHEL.

Bpemennsie MoKazarTe, oTpeeNsonne CPOKHU 3aTpar B chepax
npousBoacTBa(ékarouas COHT) n sxcrutyaTanyi.

Cpedu nokazameieii 8 cghepe IKCnIyamayuu 6bl0enaom:

[TokazaTenu Mpou3BOAUTETLHOCTH MAIIMHBI B €IMHUILY BPEMEHHU.

[Tokazarenu HaJEKHOCTH MaIIUHBbI: 0€30TKa3HOCTb, JOJITOBEYHOCTH,
PEMOHTOIPUTOTHOCTD U JIP.

pacxoJHbIe TOKa3aTeNN - 3aTpaThl HA AKCIUTyaTaI[MI0 MAllMHBI B €UHUILY BpEMEHH, Ha
SIUHUILY POAYKIIUU WM padOTHI, @ TAKKE COMYTCTBYIOIIME KAMUTAIOBIOXECHUS, CBA3aHHBIC C
ee MpUOoOpPETEeHUEM U HKCILTyaTallei.

Cucrema moOKasaresiei, BIUAIOIMIAX HA SKOHOMHYECKYIO A(()EKTHBHOCTH MAIIUHBI,
noka3ana Ha puc. 4.1.

Hcxo0a w3 paccMompeHHbIX mpedosanuii 1 HEoOXOJUMOCTH  INPEABApUTEIBHOIO
orpezieNieHUs] OCHOBHBIX SKOHOMHUYecKHux nokasareneil B cucteme COHT,nmpon3BoICTBEHHBIX U
HKCIUTyaTallMOHHBIX IMapaMETPOB W MOKa3aTened, MOXKET OBbITh MOCTpOeHA MPUHIHUIHAAIBHAS
CX€Ma CpaBHUTEILHOTO MHOTOBapUaHTHOTO TIA npoekTupyeMoit MalliuHbl (puc. 4.2).

IIposodumble pacuemsvl 00121cHbl OOCCTICUUTh HE TOJBKO BO3MOXHOCTH BBISIBICHUS
9KOHOMHYECKOH 3(h(hEeKTUBHOCTH KOHCTPYKLIMU MAIIMHBI, HO U TIOMOTaTh B ONpEAeNICHUH MyTen
€€ MOBBIIICHUS HAa KaXI0M CTaANU MPOSKTHPOBAHUS.

36



r
Lprpa COHT w npovsBademia fperesnse NoRaIameny .|

1

| |

| |

|: = ER | |

I I

| ‘t Jarapamu sq COHT |—"-—-+ Lpony ocfoeiun ] I(_f.lr:-r.:.r KO AR EN e Hud | I

L 1 SR DAY X I |—| |

| —_ : I

| i ’ HRaEg L T EPIRGE AT | = |' _;;r_,_,l.wlrl.m.ﬂ_,g‘.-,ulmww‘. |
| '-I Cedecinuarocms H&.-.ur.-.-.ln.J 8 npausledcmis

L
| | Foydaersmac ms j ]_ |I 1|
: ]I.":'n':"!'sr.'r:'flm‘ imwaiameny § cpepe ppousfode mia l ]

S Y. . _5 __________ -

| TEQMEFUNEIAD R FEDERTIESHICITS  FaMLnb ]

il R e o I L e _""""""1___'_""'_____'-"'_'!

| T FEgHOC NGNS IO QOHERTEY -| Moouafodumensoad mn Fonym A KT RS HATE
| PO | | fromenes & ancapgmndg s

|
|
[-1 Moxasameny wodesuarmy ] l | } :I
|
|
|
I
|

FRpapdusre noxaltameay

e e e——— 1 -y

f rgepe poowsfademia

|>-ij'pe.'m.'.lr.-.'rvr.:'m.-c FH SR ] I
L |
Texypigue IECARYIMOULTHNDIE
! fpadie FagaMHEmpisl ¥ moRoIameny ' fgema LTl Fr T

| TR TR LI

L ot S i S " e i e St e e i et e i Rt S i i e

Puc. 4.1. Cucrema moxa3zaTeneil, ONpeAeIsIOMUX SKOHOMUYECKYI0 3(h(eKTUBHOCTH
MaIIHHBI.

Memoobl _pacuemog, OCHOBaHHbIE Ha WCCIEJOBAaHUU B3aUMOCBSI3€H YHCIEHHBIX
3HAYEHUM TEXHUYECKUX NapaMETPOB MAalIMHBI M €€ SKOHOMUYECKHMX IIOKa3aTelieil, a TaKxke
pacueTHble (QOpPMYJBI, OTpa)karollMe dTy B3aWMOCBS3b, MOJDKHBI JaBaTh BO3MOXKHOCTb
KOHCTPYKTOPY NPEABUIIETb, C OIJHOM CTOPOHBI, KaK HM3MEHEHHE YHUCJICHHBIX 3HAYCHUI
napaMeTpoOB MAIIMHBI BIMSIET HA IKOHOMUYECKYIO 3P (EKTUBHOCTh €€ UCIOIb30BaHUs, C IPYron
CTOPOHBI,  «BBIXOAUTH» HAa  JKOHOMHUYECKHM  ONTHUMAJbHBIE  YHUCJIEHHBIC  3HAYCHHUS
KOHCTPYKIMOHHBIX [TapaMETPOB.

[ToaTomy BCE qarie UCIIOJIb3YETCS MOHSITHE TEXHUKO-DKOHOMHUYECKast
ontumuzanus (730), npu KOTOpoil mpouecchl KOHCTpyrupoBaHUua U TIACTaHOBATCS €IUHBIMH,
T. e. Omok  «DKOHOMHKa»,  OCOOEHHO B  CHUCTEMax  aBTOMATH3UPOBAHHOTO

npoexktupoBanus (CAIIP), HenocpeICTBEHHO BCTPAWBAETCA B CHCTEMY KOHCTPYKTOPCKHUX
pacueToB (puc. 4.3).

Henvo _makonu TIO sBAseTCS HENMOCPEACTBEHHBIN BBIXOJ Ha CUCTEMY 3KOHOMUYECKHU
ONTUMAIBHBIX YUCJICHHBIX 3HAUYEHUN MMapaMeTpOB KOHCTPYKIIUHU, YCTAHABIMBAEMbIX HA JTaHHOU
cTanuu TmpoekThpoBaHusa. Ilpu oSToM 3Ha4YeHHs, €CTECTBEHHO, [OJDKHBI IOJHOCTHIO
yIOBJICTBOPATH TpeboBanusm T3.

T30 peanuzyemcs ¢ 0uano2060om pexcume paoomuvt CAIIP na ocrose:

Teopernueckux © METOJUYECKUX pPa3pabOTOK MEXKOTPaclIeBOro M  OTPACIEBOTO
XapakTepa, KOTOpbIe KIaayTcsl B OCHOBY odunuanbHbiXx MeToauk TIA u TIO st Bcex cranuid
MPOCKTUPOBAHUSI.

MatemaTtuuyeckoro amnmapara, 06ecrneqiBaronero BO3M0OXHOCTh TPOBECHUS JOCTaTOUHO
TOYHOTO U HaJiexkHOTO TAA nnu kauectBennout TIO.

JlocTaTOyHOrO  Kpyra  CTaTUCTHYECKHX JAaHHBIX 10  TEXHUKO-3KOHOMHYECKHM
napamMeTpaM M IOKa3aTesiM IPYrUX MallMH aHAJIOTMYHOIO Ha3HAYEHHS, TEXHOJIOTHYECKUM U
OpPTaHU3AI[OHHBIM YCIOBHUSAM HX MPOU3BOICTBA, TEXHUKO-IKOHOMUYECKUM SKCILTyaTalliOHHBIM
napameTpam M 1MoKa3aressiM U T. .

BbICOKOTIPOU3BOAUTENBHON BBIYMCIUTENBHON TEXHUKU C OOJBIIMM OOBEMOM IMaMSTH,
ABTOMATH3UPOBAHHBIX CHCTEM TEXHHKO-I)KOHOMHYECKOW HH(OpPMAIIHH.
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Hcnonb30BaHus OOYYCHHBIX CIICIUAIHCTOB, YMEIOIIUX CBS3aTh B EAHHYIO CHUCTEMY
pa3HOPOAHBIE TapaMeTpbl M IOKa3aTeld, MOCTPOUTh TEXHHUKO SKOHOMHMYECKHE, a 3aTeM U
SKOHOMHUKO-MaTeMaTUYeCKUE MOJENIHN UX B3auMocBsizel, mpoBectd TIAA u TIO no nmpaBuibHO
BbIOpaHHOMY 3KOHOMHYECKOMY KPUTEPHIO.

Ot YCJIOBHA CO3JAaHBI IMOKA JIMIIb B OTACJIBHBIX OTPACIISAX MAIIMHOCTPOCHHUA U TO JAJICKO
HEC ITOJIHOCTBIO.

{madun
npoexmupofanun

{

Pacyem
U KOWCMPYRMApcKuY
™3 ananu3 naparempol mawuk,
anpedenaersix Ha GaHHau
cmaduy

- Ydobnembopenuve Kpumepui
mpedobanui IKOUHOMUYECKOU
Jaxaavyuxa sppexmubnocmy
* Aa

Cpabnumensroid
mMexHuKo -IKOHOMUYEL KUY
ananus Bapuanmol
KOHCMPYKYUU

Jdecnevenue
FRONOMUYECKOU
appexmubnocmy

iﬂﬂ

Hem

Omdop Bapuanma
KOHCMPpYKYWY € MAKCUManbHou
FKOHOMUYECROU

Fppexmulinocmoro

K cnedyrowed cmaduu npoexmupolanua

Puc. 4.2. Ykpynnennas cxema nposenenust TIA mamunHbl Ha CTAIUSAX TPOSKTUPOBAHUS.
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Cmadus
npaexmupobfarun

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

-

Kpumepud Ydobnembopenue
IKOHOMUYELKOU mpedolanui
Fpgexmubrnacmu Jaxasyuxa | Hem |
u odecneyenue
IKQHOMUYECKOU
Fppexmubrnocmu

{ Ja

Omdop Bapuanmol
KOHCMPYKYUY € MAKCUMANbHOU
FKOHOMUYELKOU
¢ gexmubrocmew

K cnedyrouged cmaduu npoexmupafanus

Puc. 4.3. Ykpynuennas cxema nposenenust TO Ha cTagusx IpoOeKTHPOBAHMUS.

2. IIpumepsl MoJeJIeil OLICHKH 11e1ecO000pa3HOCTH MHHOBAIIMOHMPOBAHUS

WunoBanonHas AesITeNbHOCTh — JESATENBHOCTh I10 JOBEACHUIO HAYYHO-TEXHUYECKUX
ujeH, n300pereHunii, pa3paboToK 10 pe3yybTara, MPUrOoJHOTO B MPAKTUIECKOM HCIOJIb30BAHUU.
B nmonHom oObeMe WHHOBAaLIMOHHAs JAESITENBbHOCTh BKJIIOYA€T BCE BHUABI JACSITEIBHOCTU
1o pa3paboTKe, OCBOSHHUIO U MIPOU3BOJICTBY, a TAKXKE peaTH3al[ii HHHOBAIIUH

B uem cywynocmuv saxonomuyeckoii s¢gppexmusnocmu uHHOBAYUOHHOU OeamenbHoCmu?

OcymiecTBlIeHHEe WHHOBAIIMOHHOM, KaK U JIFOOOH APYro, MesTENbHOCTH BCETNa CBI3aHO
C pa3NUYHBIMU BHYTPEHHUMHU U BHEIIHUMHU 3arparamu. [loaTomy 4YTOOBI OmpenenuThb
SKOHOMHYECKYI0 3(P(GEKTUBHOCT, HWHHOBAIIMOHHOW JIEATCIbHOCTH, HEOOXOJMMO OIICHHTH
3(PeKTUBHOCTD 3aTpaT Ha HEe.

Cnenyer pasnmuyath d3(QQEKTUBHOCTh 3aTpaT Ha UHHOBANMOHHYIO JIEATEIHHOCTH
y mpou3BoaAnTeENeH (ITPOJABIIOB) U y MOKYIaTeIeH.

Yem  pasmuuaemcs — paccmampueaemas — d¢hgexmusHocms Y npousgooumerneti
u nokynameneu?

39



OCHOBHBIM KpUTEpHUEeM 0OOCHOBAHHS SKOHOMHYECKOH 3 (EKTUBHOCTH MHHOBAIIMOHHON
NEeSATeNIbHOCTH  y Mpou3BojauTeNned  (MPOJABIOB)  SBJISETCS €€ pe3ynbTar:  YHCTHIN
JTUCKOHTUPOBAHHBIN JJOXO0/, KOTOPBIM ONpenensieTcss MyTeM CpaBHEHMsI MPOU3BEICHHBIX 3aTpaT
U TIOJTy4aeMbIX pPe3yJbTaTOB U MpPUHUMaeTcsa 3a 0a3y Juis BceX MOCIEayoIUX 000CHOBaHUN
IKOHOMHUYECKOW I(DPEKTUBHOCTH KOHKPETHOIO WHHOBAIIMOHHOTO MmpoekTa. Kpome Toro
SKOHOMMYECKas 3P PEeKTUBHOCTh HHHOBALIMOHHOMN NESTEIBHOCTH BKIIOYAET B ce0s ompeneieHue
U APYTUX PACCMOTPEHHBIX HAaMHU TOKazaTelei: HMHACKCa JOXOIHOCTH, CPOKa OKYIaeMOCTHU
KalUTaJdbHBIX 3aTpaT W BHYTPEHHEH HOPMBI JOXOJHOCTH NIPOEKTa. 3aBeplIacTcsl OIeHKa
OnpeIeJICHUEM YCTOMUYMBOCTH M YYBCTBUTEIBHOCTH OCHOBHBIX SKOHOMUYECKHUX XapPaKTEPUCTHUK
IPOEKTa K N3MEHEHUIO BHYTPEHHUX M BHEITHUX [TapaMeTPOB.

DKOHOMHYECKYIO 3()(hEeKTHBHOCTh HMHHOBAIIMOHHOW JIESATEIIFHOCTH Y TIOKYIIaTeIe HY)KHO
paccMmatpuBaTh ¢ UHOM cTOpoHBI. [lokynaTens, mpuodpeTast HOBIIECTBA, COBEPIICHCTBYET CBOIO
MaTepUAIbHO-TEXHUYECKYI0 0a3y, TEXHOJIOTHMIO MPOU3BOJCTBA U yrpaBieHus. OH Hecer
3aTparhl, CBSI3aHHBIE C MOKYNKONH HOBIIECTBA, €ro TPaHCHOPTUPOBKOW, OCBOCHHEM U Jp.
D} dexTUBHOCTH 3aTpaT MOKYMATENs Ha HCIIOJIb30BAHUE HOBIIECTB MOYKHO OMPEEISITh, a TAKKE
YIPaBIATh €10, Uepe3 CpaBHEHUE CIEIYIOMINX OoKa3aTeNei:

. 3aTpaThl Ha IPOU3BOJCTBO M PEAIM3ALMI0 MPOAYKLIHH JO U MOCJIE€ BBEICHUS
HOBILIECTB;

. BBIPYUYKY OT peajii3ally NPOJYKIIMHU 0 U MOCJI€ BBEACHHS HOBILIECTB;

. CTOUMOCTbH MOTPEOIAEMBIX PECYpPCOB JI0 U MOCIIE BBEJICHHUS HOBIIECTB;

. CPEAHECIIHCOYHYIO YHCIEHHOCTD IIEPCOHAJIA U T.[I.

Ymo mbi noHumaem noo ycmoudusocmuio?

Ilon yCTOMYMBOCTBIO TIPOEKTA TIOHMMAETCSA TMPEACIbHOEC HEraTUBHOE 3HA4YCHUE
aQHAJTM3UPYEMOT0 TOKa3aTels, NMPU KOTOPOM COXPAHSIETCS SKOHOMHYECKas I1eJ1ecO00pa3HOCTh
pealn3aiu TpoeKTa. YCTOMYHMBOCTh MNPOEKTa K U3MEHEHUIO aHAJIM3UPYEMOIro IOKa3aTelst
paccuuThIBaeTCA UCXO U3 TpupaBHUBaHMs K 0 ypaBHeHUs 11 pacueta NPV,

IIpoexT cuuTaeTcss YCTOMYMBBIM, €CIM TIpU OTKJIOHEHUM I[IOKa3aTeliell MpoeKTa
(KarmuTambHBIE BIOKEHHS, 00beM MPOAaXK, TEKYIIHE 3aTpaThl © MAKPOIKOHOMUYECKHE (aKTOPHI)
Ha 10% B Xyamyio cTtopony, coxpansiercs yciosue NPV = 0.

Ymo mvi noHumaem noo YyeCmeumeibHoCmvio?

YyBCTBUTEIBHOCTh K U3MEHEHUIO TTIOKA3aTesl ONPEACIISEeTCS TaKKE C TTOMOIIBIO aHAJIN3a,
KOTJla aHaJIM3UPYEeMbI moka3arenb u3MeHsieTcs Ha 10% B CTOpOHY HETraTUBHOTO OTKJIOHEHHS.
Ecimu mocime »toro NPV  ocraeTcs MNONM0XKUTEIBHBEIM, TO MHHOBAIUOHHAS OCATCIbHOCTH
CUMTACTCS HEYYBCTBUTEIBHON K M3MeHEHHWIo naHHoro (akropa. Ecmaumke NPV mnpunumaer
OTpHULIATENIFHOE 3HAYEHUE, TO JESATEIIbHOCTh UMEET UyBCTBUTENIBHOCTh MeHee 10%-Horo ypoBHs
Y TIPU3HAETCS PUCKOBAHHOM IO JaHHOMY (hakTopy.

UYmo ewe credyem yuumvl@amsv Hpu OYeHKe IPHeKmueHocmu UHHOBAYUOHHOU
OdesmenvrHocmu?

B puIHOYHBIX  YCIIOBUSIX XO3SIMCTBOBAaHMUS OYEHb BaXKEH TakOW IIOKaszaTellb, Kak
MPUBJIEKATEILHOCTh MHHOBAIMOHHBIX  IPOCKTOB, ONpeaeseMas CTpaTerueii  (pupMbI-
WHHOBATOpa, YCJIOBUAMH  TPUBJICYEHUS  (PUHAHCOBBIX  PECYpPCOB M MX HCTOYHHKAMH,
NUBUIEHIHON TIOJIMTUKOW HWHHOBaTopa. Kpome TOro, JomMyCTUMOCTh MPOEKTOB JIOJKHA
MPEeBHINIATh CTAaBKM OAHKOBCKHMX JEMO3UTOB, Ha YTO, KakK IPaBUJIO, OOpalIar0oT BHUMaHHE
WHBECTOpPBL. HeoO0XoauMo Takke ONpeneNsITh €Ime | TOYKY O0e3yOBITOYHOCTH PabOThI
opraHu3anuu-uHHOBaTOopa. OHa ompeaensieTcs 00beMOM peau3aluy MPOAYKIIUH, TTIPU KOTOPOM
MOKPBIBAIOTCS BCE M3ICPKKHU Mpou3BoacTBa. ClienoBaTeabHO, BHIOOp 00beKTa HHBECTUPOBAHUS
MpEeACTaBISIET COO0N OJIHY W3 BaXKHBIX MpoOsieM. HamOonbmmum mpenmnouyTeHrueM MOJIb3YIOTCS
T€ BUJbl MHHOBAIIMOHHOW AESATEIbHOCTH, KOTOPBIE IO3BOJISIIOT MMETh CBEPXMOHOMOJIBHYIO
npUOBLIL, YTO BECbMa YacTO 3aBUCUT OT YCTOWUYMBOIO CIPOCa HA HOBBIE BUABI MPOJYKLIIMH HIIU
OKa3bIBAEMbIC YCITYTH.

3 CymHOCTb JIMHEHHOr0 NPOrpaMMHUPOBAHUS
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JIuneitHoe mporpaMMUpOBAaHME - OJMH U3 MEPBBIX U Hanboisiee MOJIPOOHO HM3YUEHHBIX
pa3zenoB MaTeMaTHYeCcKOro IpOrpaMMUpOBaHMsA. VIMEHHO JIMHEHHOE MPOrpaMMUPOBAHUE
SIBWJIOCH TEM PAa3/EJIOM, C KOTOPOTrO Hayajla pa3BUBAThCA caMa JUCIHUIUIMHA «MAaTeMaTUYeCKOe
IporpaMMupoBaHue». TepMHUH «IporpaMMUpPOBaHUE» B HA3BaHUU JAUCHUIUIMHBI HUYEro O0IIero
C TEPMHHOM «IIPOrpaMMHUpPOBaHUE (T.€. cOCTaBlieHHe mporpamm) ainsg 9BM» He umeer, Tak Kak
JUCLUIUINHA IMHEHHOE MPOrpaMMHPOBAHME» BO3HHUKIA €Ie A0 TOr0 BpeMeHH, korga OBM
CTaJIl MIMPOKO MPUMEHSATHCS NPU PELIEHUH MaTEMaTHUYECKUX, MHKEHEPHbBIX, SJKOHOMUUYECKUX U
Ip. 3ana4. TepMuH «IMHEHHOE IPOrPaMMHUPOBAHUE» BO3HUK B PE3YJIbTaTE HETOYHOTO IMEPEBOAA
anrnmiickoro «linear programmingy». OJHO U3 3HaYEHUH CJIOBa «programming» - COCTaBJICHHE
IUIaHOB, MIaHUpoBaHue. CienoBaTenbHO, IPaBUIbHBIM IepeBoioM «linear programmingy OblI0
Obl HE «IMHEHHOE NPOrpaMMHMPOBAHHUE», a «IMHEHHOE IJIaHUPOBAaHUE», UYTO OoJjiee TOYHO
OTpakaeT cojAepXkaHWe IUCUUIUIMHBL OnHako, TEPMHUH JMHEWHOE IIPOrpaMMHUpPOBAHUE,
HEJIMHEWHOE NPOrpaMMHUpPOBaHKE U T.J. B HAIIEH JIUTEpaType CTAIH OOLIECITPUHATHIMU.

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

MoHO cKa3aTh, YTO JIMHEHHOE NIPOrpPaMMHUPOBAHHE NPHUMEHUMO Ul HOCTPOCHHUS
MaTeMaTHUYECKUX MOJIETIEHN TeX MPOLIECCOB, B OCHOBY KOTOPBIX MOKET OBITH IOJIOXKEHA TUIIOTE3a
JUHEMHOIO NPEJCTABICHUS pPEaJbHOTO0 MHUpPA: SKOHOMHMYECKUX 3a/ad, 3a]ad yNpaBICHUS HU
IUTAHUPOBAHMS, ONTUMAJILHOTO pa3MeLeHUsI 000py10BaHUS U TIp.

3aza4amMy JUHEHHOTO MPOrPaMMUPOBAHMS Ha3bIBAIOTCA 3a/1a4M, B KOTOPBIX JTMHEHHBI KaK
neneBas (YHKIWSA, TaK M OTPAaHUYCHHS B BUAC PABCHCTB W HepaBeHCTB. Kparko 3amauy
JUHEHHOTO MPOrPaMMHUPOBAHMS MOKHO COPMYIUPOBATH CIEIYIOIUM 00pa3oM: HATH BEKTOP
3HaYCHUH NEPEMEHHBIX, JOCTaBISIOMIMX SKCTPEMYM JMHEHHOHW IeneBod (GYHKIMH TpU m
OTrpaHUYEHUAX B BUJIC IMHEHHBIX PABCHCTB MJIM HEPABEHCTB.

JIuneitHoe mpOrpaMMUpPOBAaHUE MPEACTABISET COOONW HamboJee 4YacTO MCIOJIb3YEMBIH
MeTo ontuMu3anuy. K yuciy 3a1a4 JIMHEHHOrO IPOrpaMMHUPOBaHHS MOYKHO OTHECTH 3aJa4H:

* PallMOHAJILHOT'O HUCII0JIB30BAHUS ChIPbS U MAaTEPUANIOB; 3a/1a4ll ONTUMHU3ALUU PACKPOS;

* ONTUMU3ALUHU IIPOM3BOACTBEHHON MPOTrpaMMBbl IPEIITIPHUATHIA;

* ONTUMAJIBHOTO PAa3MEILEHNUS U KOHIIEHTPAIMK IPOU3BOJICTBA;

* COCTaBJICHUs ONITUMAJILHOTO IJIaHa MePEBO30K, pabOThl TPAHCIIOPTA;

* YIpaBJIEHUsl IPOU3BOJCTBEHHBIMHU 3a11acaMu;

* 1 MHOTHE ApyrHe, IpuHaaiIexKalue chepe ONTUMaIbHOIO MNIaHUPOBAHUS.

Tak, 1o oOLlEHKaM aMEpUKaHCKUX JKCHEpTOB, OKojo 75% oT oOmero uucia
IPUMEHAEMBIX ONTHMHU3ALMOHHBIX METONOB INPUXOAMTCA Ha JHMHEWHOE IPOrPaMMHUPOBAHHUE.
Oxkoy10 uyeTBepTH MAIIMHHOIO BpPEMEHH, 3aTPAyeHHOIO B IIOCJIEJHUE TOJbl Ha IPOBEIEHUE
HaY4HBIX UCCIIEJIOBAHUH, OBIIO OTBEIEHO PEIICHUIO 3a/1a4 JJUHEHHOTO MPOrpaMMHUpPOBaHUS U UX
MHOTOYHCIICHHBIX MO (pUKALN.

IlocraHoBKa 3ajaunM ONTHMH3ALMH IPEAIOJIAracT CYLIECTBOBAHUE KOHKYPUPYIOIIUX
CBOMCTB Ipoliecca, HallpuMep:

* KOJIMYECTBO MPOAYKLIUHU - PACXOJ] ChIPbsI

* KOJIMYECTBO IIPOIYKLUHU - KAYECTBO MPOLYKIUN

Bbi00op KOMIPOMHCHOTO BapHaHTa [Ull YKa3aHHBIX CBOMCTB M IIPEJCTaBIsAET COOOH
IIPOLIEYPY PELICHMS ONITUMHU3aLMOHHOM 3aa4H.

ITpu nocraHOBKe 3ajauu ONTUMM3ALUN HEOOXOIUMO:

1. Hanmuume oObekTa onTUMHU3AIMM M 1eau ontumuzanuu. [lpu stom dopmynmposka
KaX0M 3a7audl ONTUMM3ALMU JIOJKHA TpeOOBaTh SKCTPEMAlbHOTO 3HAYEHUS JIMIIb OJHOU
BEJIMYMHBI, T.€. OJHOBPEMEHHO CHUCTEME HE JOJDKHO NPUIIMCHIBATHCA JBa M 00jiee KPUTEpUEB
ONTHMH3ALMM, T.K. IPAKTHUYECKH BCETJa HKCTPEMYM OIHOIO KPHUTEPUS HE COOTBETCTBYET
JKCTpeMyMy apyroro. IIpusenem npumepst.

TUnu4HBI NpuMeEp HEMPABHIIBHON MOCTAaHOBKY 337a4d ONITUMHU3ALNHN:
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«ITonydnuTh MaKCUMAJIBHYIO TPOU3BOJUTEIHHOCTD PU MUHUMAJILHON C€OECTOUMOCTI.

OmunoKa 3aKJII0YaeTcsl B TOM, YTO CTABUTCS 3aJava IOMCKA ONTHMAJILHOCTH 2-X BEJIWYHH,
MPOTUBOpEYAIIHNX JPYT IPYTy MO CBOEH CYTH.

[TpaBunbHas MOCTaHOBKA 3a7]a4H MOTJIA OBIThH CJICIYIOIIAS:

a) MOJYyYUTh MaKCUMAIbHYIO TPOU3BOAUTEIHHOCTD MPHU 33JJaHHON CEOECTOUMOCTH;

0) MOTyYUTh MUHUMAJIBHYIO CE0E€CTOMMOCTb MPHU 3aJaHHOU MPOU3BOTUTEITHHOCTH;

B mepBom cnydyae kputepuil ONTHUMHU3ALMUM - MPOU3BOJUTEIBLHOCTh, @ BO BTOPOM -
ce0eCTOMMOCTb.

2. Hanuune pecypcoB ONTHMM3AIUH, O] KOTOPHIMA MOHMUMAIOT BO3MOXHOCTH BBIOOpA
3HAYCHHUH HEKOTOPBIX MapaMeTPOB ONTUMU3UPYEMOTO OOBEKTA.

3. BO3MOXHOCTh KOJMYECTBEHHOW OIEHKH ONTUMHU3UPYEMON BEIUYHMHBI, MOCKOJBKY
TOJIBKO B 3TOM CJIy4ae MOKHO CpaBHHUBaTh 3(P(EKTHI OT BHIOOpA TEX WIM MHBIX YITPABIISIOIINX
BO3JICHCTBUH.

4. Y4eT orpaHUYCHHII.

OOblyHO  oNTUMHU3MpYEMas BEIMYMHA CBA3aHA C HOKOHOMHYHOCTBIO  PabOThI
paccMarpuBaeMoro oObekTa (ammapaT, ex, 3aBoa). OnTUMU3UPYEMBIH BapwaHT pPadOTHI
00BbEKTa T0JKEH OLIEHUBATHCS KaKOM-TO KOJIMYECTBEHHOM MEpOH - KpUTEpUEM ONTUMAIbHOCTH.

KputepueM onTUManibHOCTH Ha3bIBA€TCS KOJMYECTBEHHAs OLIEHKA ONTHUMH3HPYEMOIO
KauecTBa 00BLEKTA.

Ha ocHOBaHWMM BBIOPAaHHOTO KPHUTEPHUS ONMTHMAIBHOCTH COCTABIISICTCS IielieBast (QYHKITHS,
MpeACTaBIsIoNnas CoO0N 3aBUCUMOCTh KPUTEPHUSI ONTUMAIBLHOCTH OT MapaMeTPOB, BIUSIOLUIUX HA
ee 3HaveHHe. Bua Kputepus ONTUMaIbHOCTH WJIH EICBON (DYHKIIMH ONPEEISICTCS KOHKPETHOU
3aJa4eil ONITUMU3AIIUH.

Takum 00pa3om, 3amaya ONTUMHU3AIUN CBOJIUTCS K HAXOXKICHHUIO IKCTPEMyMa IeJIeBOM
byHKINN.

B 3aBHCHMOCTH OT CBOEH MOCTaHOBKH, Jt00ast U3 3a7a4 ONTUMHU3AIMH MOXKET PEIIaThCs
pPa3IUYHBIMU METOJIaMU, U HA00OPOT - JTF000I METOI MOKET MPUMEHSTHCS JIsl PEILICHUS] MHOTUX
3amad. MeToapl ONTUMH3AIMN MOTYT OBITh CKAISPHBIMH (ONITUMH3AIINS TIPOBOIUTCS 110 OJTHOMY
KPUTEPHUIO), BEKTOPHBIMH (ONTUMHU3AIMUS MPOBOIUTCS MO MHOTHUM KPUTEPUSIM), MOUCKOBBIMU
(BKIJIFOYAIOT METOJBI PETYJISIPHOTO W METOJBI CIYYaliHOTO MOMCKA), aHATUTHYCCKUMHU (METOIbI
muddepeHIManTbHOTO — MCYUCICHHS, METOABl  BAapUAIlMOHHOTO  HWCYHCICHUS W 1p.),
BBIYHCIIUTEILHBIMU (OCHOBAHBI HA MAaTEMAaTHYECKOM MPOTPAMMHUPOBAHUHU, KOTOPOE MOXKET OBITh
JUHEUHBIM, HEJTUHEHWHBIM, AUCKPETHBIM, JUHAMUYECKUM, CTOXACTUYECKUM, IBPUCTHUYECKUM H
T.1.), TEOPETUKO-BEPOSITHOCTHBIMU, TCOPETUKO-UTPOBBIMU | 1p. lloaBepraTbcs ONTHMU3ANMH
MOTYT 3aJ]a4Ml KaK C OTpaHHUYCHUSIMH, TaK U 0€3 HUX.

DKOHOMHKO-MaTeMaTH4ecKass MOJeib 000N 3amauyd JIMHEHWHOTO MPOrpaMMHPOBAHHS
BKIIIOUYAET: IIENIEBYI0 (YHKIIUIO, ONTUMAIbHOE 3HAYCHHE KOTOPOH (MaKCHMyM MM MUHUMYM)
TpeOyeTcss OTHICKATh;, OTPAaHUYCHUS B BUJE CHUCTEMBbI JUHEWHBIX YpaBHCHHWA WJIM HEPaBEHCTB;
TpebOBaHNE HEOTPULIATEILHOCTH EPEMEHHBIX.

B o6miem Bugie MoJienb 3aMKMCHIBACTCS CIEIYIONIUM 00pa3oM:
- uesneBasi QyHKIIHS:

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

- OTpaHUYCHUA:
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allxl + al2x2 + ... + alnxn {? =
?} bl, 1.2)
a2lx1 + a22x2 + ... + a2nxn {? =

?} b2,

amlx1 +am2x2 + ... + amnxn {? =
?} bm;

- TpeOOBaHNE HEOTPULATEIbHOCTH:
j?0, 1.3)

ITpu aTOM aij, bi, ¢j () - 3a7aHHBIC TOCTOSHHBIC BEJTMYUHBI.

3amaya COCTOMT B HAXOXKICHHM ONTUMAIbHOrO 3HaueHus ¢yHkuuu (1.1) mpu
cobmonennn orpannuenuii (1.2) u (1.3).

Cuctemy orpanudenuit (1.2) Ha3piBaloT (QYHKIIMOHAIBHBIMA OTPAaHMYCHHUSAMU 3a]a4H, a
orpannyeHus (1.3) - mpsMbIMH.

Bexrop , ynosnerBopsitonuit orpannyenusiM (1.2) u (1.3), Ha3pIBaeTCsS TOMYyCTUMBIM
petieHreM (TJIaHOM) 3a/la4ykl TUHEHHOTro porpaMMupoBanus. [1maH , mpu KOTOpOM (QYHKIIHS
(1.1) mocTuraer cBOEro MaKCUMalIbHOTO (MUHUMAJILHOTO) 3HAYEHHU S, Ha3bIBACTCSI ONTUMAJIbHBIM.

2. METOAUWYECKHUE YKA3AHUSA
IO MPOBEJEHHUIO TIPAKTUYECKHUX 3AHSITUI
2.1 lIpakTuyeckoe 3ausaTue Nel (2 yaca).

Tema: «Teopust mogodousi 1 MoeTUPOBAHM €

2.1.1 3apanue nis padoThbI:

1. Onpenenenuie v MOHATUE CUCTEMBI U €€ 3JIEMEHTOB

2. [lonsTue u Mmoaenu MoaenupoBanus. Kinaccudukamms Moaenei.

3. IloHsiTHE «YEPHBIN SATUK

4. JleTepMUHUPOBAHHBIE M CTOXACTUUYECKUE, YIIPABIISIEMbIC U HEYITPABIISIEMbBIEC CHUCTEMBI

5. ®yH1aMeHTaIbHbIE U PUKJIAIHBIE 3HAHUS

2.1.2 Kparkoe onucaHue nmpoBoAMMOro 3aHATHUS:

Cucmema — COBOKYITHOCTh 3JIEMEHTOB, SIBIISIOIIASCS OOBEKTOM HCCIICIOBAHUS, U3yUCHUS

WM HaOMIOMCHUs. DJIEeMEHTaMU MOTYT OBITh (hU3HMYeCKHue OOBEKTHI (000pyTOBaHWE, MAIIUHBI,
npuOOpHl, 3aHUSA U T.II.), ABJICHUs (HAarpeBaHUE, OXJIAKICHUE, CBEUCHUE, DIICKTPOMATHETU3M),
MPOLIECCHl, B TOM YHUCJIe U TeXHOJOornueckue (yrnakoBKa, B3BEIIMBaHHUE, COPTUPOBAHHE, MOWKa U
T.I1.). DJEMEHT CHCTeMBI- €€ HeIenuMmas 4YacTh B paMKaX KOHKPETHOTO WCCIICIOBAHUS,
peanusyromnas KOHKpeTHbIe QYHKIUU. DJIEMEHT CUCTEMbI OITUCHIBAETCS MHOXKECTBOM Pa3INYHBIX
XapaKTePUCTHUK, TMapaMETPOB, CBS3SIMH C COCEIHUMHU dJIeMeHTaMu. CBS3M MEXIy JJIEeMEHTaMU
JIENal0T CHCTEMY €IUHBIM LENbIM. DJIEMEHThl OTIWYaloTCs APYr OT Jpyra BBIMOJIHSAEMBIMU
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(GYHKIUSAMHU, COCTOSSHHSIMH, BXOJIaMU U BBIXOJaMH. JIF00O0# 31EMEHT MOXKET paccMaTpUBaThHCS
Kak OoJiee MelKasi cucTeMa.

TepMuH «cucTeMa» TOSBWICS B HAy4YHOW IUTEpaType NaBHO M SBISACTCS TAaKUM IKe
HEOTIpeIeNICHHBIM, KaK TEPMHHBI «MHOXECTBO» WJIM «COBOKYMHOCThY». Hanbosee mmpoko 3ToT
TEPMHH TIEPBOHAYAILHO HCIIOJIB30BAJICS B MEXaHHKE, IJie 0003HAYANl MAaTePHAILHYIO CHCTEMY,
T.€. COBOKYITHOCTh MaTEpHUAIbHBIX TOUYEK, MOJTYMHEHHBIX OIMpEe/IeJICHHBIM CBA3sIM. B nanpHeiimem
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 WM paccMaTpuBaThCsA
CaMOCTOSITENILHO, HE 3aBUCUMO OT OKPYKAIOIIET0 MUpPA. ITO 3aBUCHT OT IIENIM MCCIEIOBAHUS.
Jlis ycTaHOBJIEHHS CUCTEMBI, chepbl ee NeHCTBUS HEOOXOAMMO BBISIBUThH €€ 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
OIHCHIBAIOTCS DJJEMEHTHI CHUCTeMbl. 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 D3JIEMEHTaX CHCTEMBI, WX
B3aMMOCBSI3SIX U CBA3SIX C BHEIIHEW Cpesoi.

Llenb- smo cyOovekmuenvlii 00pas, abcmpakmuas MoOelb HeCywecmeayiouezo, Ho
JHcenaemo20 COCMoAHUSL NPOU3BOOCMBA, KOMOPoe Peuusio Obl O3HUKULYIO NPOOLem).

[enn, koTOpBIE CTaBUT mepen co0Oil YeTOBEeK, PENKO TOCTHKUMBI TOJBKO 3a CYET €ro
COOCTBEHHBIX BO3MOKHOCTEMH, MIIM BO3MOXHOCTEH MPON3BOACTBA, K KOTOPOMY OH MPUYACTEH.

CreueHne OOCTOSATENBCTB, XapaKTEPU3YIOIIEECSd pa3IndMeM MEXIy HeoOXO0IUMBbIM
(>kemaeMbpIM) W CYIISCTBYIOIIUM,  HAa3bIBACTCS MpoOAeMOlU, UlU NPOOIEMHOU Ccumyayuell.
[IpoGIeMHOCTh CYIIECTBYIOIIETO TMOJIOKEHUS, B YAaCTHOCTH C IPOU3BOJICTBOM MPOIYKIIUH,
OCO3HAETCS B HECKOJIBKO CTaIul: Om CMYMHO20 OWYWEeHUs, Ym0 «4mo-mo He MmakKy, K
0CO3HAHUIO NOMPEOHOCU , 3aMeM BbIABLEHUI0 NPOONIeMbl U, HAKOHEY, K (POpMYIUPosKe yeu.

Bes  mocnepyromasi  1€ATE€IBHOCTb, CIOCOOCTBYIOIIAsl PEIICHUIO ASTOW  MPOOJIEMBI,
HaIpaBlieHa HA JOCTIKEHHE TMOCTABICHHON LEIH. DTa JeATeIbHOCTh HAlpaBJIeHAa Ha OTOOp U3
OKpY)Karolled cpeabl AJIEMEHTOB, CBOMCTBA KOTOPBIX MOXKHO HCIOJb30BaTh Ha JOCTH)KEHUE
MOCTaBIICHHOM 11eJIH, U Ha 00bETUHEHUE ITUX SJIEMEHTOB HaJIeXkKaIuM 00pa3om, T.e. Kak padoTy
M0 CO3JJaHUIO TOTO, YTO MBI HA3bIBAEM CHCTEMOM.

B Tabmuue 1.1. mpuBeneHbl mpuMepbl 1Lejied W CUCTEM, MpEAHA3HAYEHHBIX I X
peanuzanuu. COOTBETCTBHE MEXAY IENIIMU U CUCTEMaMU C(OPMYIUPOBATH IOCTATOYHO CIIOKHO.
Tak, ecnmu MexAy TMEpPBBIMH TpeMs IEIMH W cHCTeMaMu (OPMYIHPOBKA COOTBETCTBUS HE
BBI3bIBACT 3aTPYJHEHHI, TO OCTAIbHBIC JABE LIEIH MOTYT UMETh HECKOJIBKO CHCTEM, U HA00OpOT.
s obecrniedeHust OBICTPOTO MEPEMEIEHUsT CEINbCKOXO3SICTBEHHON MPOIYKIIUU C TOJNS B
KayecTBE CHUCTEMbl MOXXHO HCIOJb30BaTh HE TOJBKO TPY30BOH aBTOMOOWIIb, HO TPAaKTOPHBIN
MPHIIET, KOHTEHHEPOBO3 U T.II. AHAJOTUYHO 3BYKOBas MH(OpMAIHs MOXKET OBITh IepeaHa 1o
MOOUJILHON PaliOCTAHIINH.

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

YHOpsI04eHHOCTh NPEACTaBIEHUs] CyOBEKTa €CTh LIE€JICHANPABICHHOE BbIACICHUE
AJIEMEHTOB CHCTEMBI, YCTAHOBJIEHUH HX IPU3HAKOB, B3aUMOCBs3eH Mexay co00il M ¢ BHEIIHEH
cpenoit. I[lpu BbIIENEHUMH CHUCTEMBl YYUTBHIBAIOT HauOoJjiee CYyLIECTBEHHbIE IPU3HAKH, BCE
BTOPOCTEIIEHHOE, HECYIECTBEHHOE- UCKIHYACTCA.

ITonsiTHe Mogean u moaeanpoBanns. Knaccupukanus mogesei

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
4acTh 3TUX TOBAPOB M YCIYT UCIOJIB3YETCS B IPOLECCE HCCIENOBAHMM, YTO, B CBOIO OYepelb,
HOBBIIIACT YPOBEHb (DYHIaMEHTAIBHBIX U MPUKIATHBIX 3HAHUH.

Jli1s cornacoBaHus pe3yabTaTOB «CMEXHBIX» HCCIIEI0BATENbCKUX IPOrPaMM U BBIPAOOTKHU
€AMHOI0 YOEeIUTENbHOIO JJIS MPAaKTUKHU 3aKIIOUYEHUs - XOPOUIMM CpPEACTBOM  OKa3bIBAaeTCs
Mooenb.

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

Mooenuposeanue MOXHO paccMaTpuBaTh Kak 3aMELICHHE MCCIelyeMoro oOBbeKTa
(opuruHana) ero ycioBHbIM 00pa3oM, ONMCAHUEM WM IPYTMM O0OBEKTOM, UMEHYEMbBIM MOJIENbIO
U 00ecneynBaroIMM a/IeKBaTHOE C OPUTMHAJIOM IOBEJECHHE B paMKaX 3aJaHHBIX JOMYILEHUI.
MonenupoBanue OOBIYHO BBINOJHAETCS C LEIbI0 IIO3HAHUS CBOMCTB OpHUIMHAJIa IyTEM
UCCIICIOBaHMs €r0 MOJENH, a He caMoro oObekTa. MojenupoBaHue ONpaBAaHO B TOM clyyae,
KOI'Zla OHO IPOIIE CO3JaHHUsl CaMOro OpUIMHAJA WK KOIJa MOCIEAHUN M0 KaKUM-TO MPUYMHAM
Jy4ie BooOlIe He co3/1aBaTh.

C MozensMu U MOJAETUPOBAHUEM Mbl CTAJIKMBAEMCs B HallEH >KM3HU Kaxnablil neHb. B
JeTcTBe peOeHKa OKPYXKAl0T MIPYIIKM — MAIIWHKH, KYKJIbl, KOHCTPYKTOPHI U T. 1. - MOJENH,
HOBTOPSIIOUINE OTHAEIbHBIE CBOWCTBAa pEajbHO CYLIECTBYIOIIMX INpeaMeToB. Mrpas, peGeHok
IIOJIy4aeT BaXKHbIC 3HAHWSA O HUX M, BbIpAcTas, HAYMHACT TPAMOTHO IIPUMEHSATH YK€ peajbHbIe
00BekThl. B nporiecce MbIIITIEHUS YETOBEK ONEPUPYET 00pa3aMu 0ObEKTOB OKPYKAIOLIETO MUPA,
KOTOPBIE ABJISIOTCS Pa3HOBUJIHOCTSIMH 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 HEeOoOXOIUMOCTH B €ro pa3paboTKe M HAaTypHOM HchbITaHMM. OHO NPOCTO 3HAYM-
TEJIBHO yMEHbIaeT 00beM paboT MO NPOEKTHPOBAHUIO M UCCIEAOBAaHHIO OOBEKTOB. B Tex xe
ClIydasiX, KOIJia 3TO He TaK, CTOMMOCTb MOJIEJIMPOBAHUSA MOKET OKa3aThCs 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 MPOIEyphl MOCTPOCHUS MaTeMaTHUECKUX MoJeNell M HaXOXKAECHUS HMX peIleHUs ¢
nomouiso O9BM.

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

Mooenu ona uccredosanus SBASIOTCS (POPMOI OpraHM3alMM U MPEICTABICHHUS 3HAHUH,
CPEACTBOM COEJUHEHUs HOBBIX 3HaHUH ¢ wuMerommMmucs. 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 pe3yibTaTa, T.€. SIBISIIOTCS pabouuM
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 poJb CTAHIAPTA, MOl KOTOPBIN MOATOHSIOTCS KaK cama JIesTeNbHOCTh, TaK U
ee pesynbTar. llpumepamu Mojenel ynpaBieHUs CIyXaT IUIAHBI U IPOTPaMMBbl,  yCTaBbl
OpraHM3aliii, 3aKOHBbl, aJITOPUTMbI, pabouue dYepTeku M IIa0JIOHBI, MapaMeTpbl 0TOOpa,
TEXHOJIOTUYECKUE IOIYCKH, TEXHUYECKHE U arpOTEXHOJIOIHYeCKHe TPeOOBaHUS U T.JI.

OcCHOBHOE pa3iauuue MEXAY HCCIEN0BATEIbCKUMU MOJEISIMU W MOJEISAMHU  JUIS
yIpaBJIEHUS] COCTOMT B TOM ,4TO MOJEIH Uil MCCIEJOBAHUN OTpakaloT CYILECTBYIOLIEe, a
MOJIEJH 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 MPEJICTaBICHBl CHMBOJIAMHU:

- CEMaHTHUYECKUMH (CIIOBaMH),

- MaTEeMaTUYECKUMH,

- IOTHYECKUMH.

Kiace cumBonnueckux Mopenel BecbMa IIHMPOK. Hapsany co CIOBECHBIMM ONUCAaHUSMHU
(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€ MaTEeMAaTUYECKUE 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 (aKTOPOB;

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

npoyedypuvie Mooenu, OIUCHIBAIONINE TMOPSAOK B3aWMOJACWUCTBUS DSJIEMEHTOB HCCIe-
JyeMoro oOBeKTa MU BBHIMOJHEHUH PA3IMYHBIX OMNepalyii, Hanpumep oOpaboTKH MaTepuaos,
JeSITeNIbHOCTH MepCcoHaia, UCIOMb30BaHus HHGOpPMAIMHU, B TOM YUCIIE U peau3aluu Mpolenyp
NPUHATHS YIIPABICHYECKUX PEIICHUH;

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

Ilapamempamu o0BbEKTa HA3bIBAIOTCS (AKTOPHI, XapaKTEPU3YIOIUE CBOMCTBA 0ObEKTA UITU
COCTABIIIIONINX €ro JIEMEHTOB. B mporecce uccienoBaHust 00beKTa psiji MapaMETPOB MOXKET
U3MEHATHCA, TIO9TOMY OHHU Ha3bIBAIOTCS NepeMeHHbIMU, KOTOpble B CBOIO OYepenb
NOJPa3CNAIOTCS Ha nepemMeHHble COCMOAHUS U NepeMeHHble YNPAGIeHUs.

Ilepemennvie cocmosnus 00bEKTa SBIAIOTCS (YHKUIUEH IEPEeMEHHBIX YIpaBICHUS U
BO3JICHCTBUI BHEIIHEHN CPEBI.

Xapaxmepucmukamu (BBIXOJHBIMU XapaKTEPUCTHUKAMHU) HA3bIBAIOTCS HWHTEPECYIOIINE
UCCIIeIOBAaTENsl HEMOCPEACTBEHHBIE KOHEUHBIE pe3yJbTaThl (PYHKIMOHHPOBAHUS OOBEKTa
(ecTeCTBEHHO, YTO BBIXO/IHbIE XapPAKTEPUCTUKHU SABISIOTCS IEPEMEHHBIMH COCTOSHUS).

Xapaxmepucmuku 6HewiHeli Cpelbl OIKCHIBAIOT CBOICTBA BHEIIHEW cCpefbl, KOTOpHIE
CKa3bIBAalOTCA Ha Ipolecce M pe3yibTara (YHKIUOHMPOBAHHUS O0ObBEKTa. 3HAUYCHUS psja
(baxTOpOB, ONMpeAeNAIoINe HaYalbHOE COCTOSHUE O0BEKTa WM BHEIIHEH cpenbl, Ha3bl-BalOTCS
HA4anbHbLIMU YCI0BUAMU.

[Ipu onMcaHNyM MaTeMaTHYECKON MOJIEH OTIEPUPYIOT CIEAYIOUTMMH MOHATUSIMHU:

- Kpumepuii ONMUMAaibHOCMU,

- yenesas QyHKyuUs,

- cucmema 02panuyeHull;

- ypasHeHue ces3u;

- peuteHue Mooenu.

Kpumepuem onmumanvnocmu Ha3bIBa€TCsl HEKOTOPBIN noKaszareib, CIyXalui
dbopmanuzaiueil KOHKPETHOI 1eNu yIpaBIeHUs U BBIPAXKAEMBbIii IIPU MOMOIIHU LeleBON QyHKINN
gyepe3 (aktopsl Monenu. Kputepuil onTHManbHOCTH ONpEAEssieT CMBICIOBOE COJEp)KaHHEe
neneBoit ¢pyHkIMU. B psae ciydaeB B KauecTBe KpUTEpUs ONTUMAIbHOCTH MOXET BBICTYIATh
OJTHA U3 BBIXO/HBIX XapaKTEPUCTUK OOBEKTA.

Monens oD BeKTa
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MapaMeTpbl 00 bEKTa
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Puc.1.2. Knaccudukanus GpaxTopoB 1o uX poyid B MOJICIIH.

Llenesan ¢pynxyus MaTeMaTHUECKU CBA3BIBACT MEXIY C000i (hakTopel MoJenu, U ee
3HAUEHHUE OIpEAeNAeTCS 3HAYEHUsIMU JTUX BelMYMH. ColepiKaTelbHbId CMBICHI LIEeJIEBOM
(GYHKINY TPUAAET TOJIBKO KPUTEPUU ONITUMAIBHOCTH.

Cucmema ocpanuuenuss OTpEAENseT NpPENeNbl, CyXaloue o0JacTb OCYIIECTBUMBIX,
NPUEMIIEMBIX HJIM JOMYCTHMBIX PEIICHUH U (UKCHPYIOIIUE BHEUIHHE U BHYTPEHHHUE CBOICTBA
o0bekTa. OrpaHudeHHs OMpeNesioT 00JacTh MPOTEKaHUs IMpolecca, Mpefesbl U3MEHEHUs
[IapaMeTPOB U XapaKTEPUCTUK OOBEKTA.

Ypasnenus cenzu ABIAIOTCS MaTeMaTUUECKON (hopManu3aluei CHCTEeMbl OTPAaHUYCHUH.

Kpurepun ontumanpHOCTH M CHCTEMa OIPaHUYEHHH ONPEAEIAIOT  KOHIEMIHIO
MOCTPOCHUs Oyayliel MaTeMaTHYecKON MOJENH, T.€. KOHYenmyanibHylo Mooelb, a ux (popma-
au3anmd, T.e. 1eieBas (QYHKIHMS W ypaBHEHUS CBSI3H, MPEICTAaBISET COO0M mamemamuueckyro
MoOerb.

Pewenuem MareMaTH4eCKONW MOJIENM HA3bIBAETCsl TAaKOM HAOOp (COBOKYMHOCTH) 3HAUEHUMN
NIEPEMEHHBIX, KOTOPBIN yIOBIETBOPSIET €€ YPAaBHEHUSIM CBSI3H.

Mogenu, uMerOmuUe MHOIO pELICHUM, Ha3bIBAIOTCS 6APUAHMHLIMU B OTIUYHE OT
be3gapuanmmubix, UMEIOMMX ONHO pemeHue. Cpenu AOMYCTUMBIX — pEUICHHH BapuaHTHOU
MOJeNY, KaK  MpaBHJIO, HAXOJUTCA OJHO pEIIeHHe, NMPH KOTOpPOM ILeneBas (QyHKUUS, B
3aBHCHUMOCTH OT CMbICIIa MOJENH, MMeeT HauOoJjblliee WIM HauMeHbIlee 3HaueHue. Takoe
pelIeHne, Kak ¥ COOTBETCTBYIOIIEE 3HAUCHHUE 11E€JICBOM (DYHKIINHU, HA3BIBACTCS ONMUMATbHBIM.

B 3aBucuMocTu OT creneHu (GpopManTn30BaHHOCTU CBSI3eH MEXAYy (QakTopaMu pa3indaroT
ananumuyecKue u aneopummuyeckue Mooeu.

Ananumuueckoul Ha3bIBa€TCSI MOJENb B BUAEC YPAaBHEHUN WM HEPABEHCTB, HE UMEIOIIUX
pa3BETBICHUI BBIYMCIUTENBHOIO IIpOLEcca MPHU ONPEAEICHUN 3HAYEHUN JIIOOBIX NEPEMEHHBIX
COCTOSTHUSI MOJIENH, 11eJIeBON (DYHKIIUU U YPaBHEHU CBS3H.

Ecnmn B MaTeMaTM4yeckux MOJESAX EAWHCTBEHHAs IieneBas (DYHKIUS M OTpaHUYCHUS
3aJjaHbl AaHAJTUTUYECKH, TO MOJ0OHBIE MOJETN OTHOCSTCS K KJaccy Mojesiell MaTeMaTH4eCKOro
IPOrpaMMHUPOBAHUS.

XapakTep (YHKIHMOHAIBHBIX 3aBUCUMOCTEH MOXKET OBbITh JUHEHHBIM M HEIMHEHHBIM.
COOTBETCTBEHHO 3TOMY MaTEMaTHUECKUE MOJIEH IEIATCS Ha JIuHelnble U HeluHelnble.

B cnoxxHOW cucTeMe 3a4acTyro ropas3fo Jierde MoCTpOUTh €€ MOJIETb B BUIE al20pummd,
MIOKa3BIBAIOIIETO OTHOILICHUSI MEXIY JIEMEHTaMU CHCTEMBI B Tporecce ee (QyHKIIMOHUPOBAHHUS,
3aJaBaeMble OOBIYHO B BUJE JJOTHYECKHUX YCIOBHI - pa3BETBICHUI X0/1a MpoIliecca.

K anropurmMuueckuM MOJENSIM OTHOCATCA U UMUMAYUOHHbBIE MOOeNU — MOJAEIUPYIOLINE
AITOPUTMBI, UMUTHPYIOIIME MOBEACHHUE 3JIEMEHTOB M3y4aeMoOro 00ObeKTa W  B3aMMOJEWCTBHE
MEXIy HUMH B Tporecce pyHKINOHUPOBAHHUS.

[Ipy WMHUTALMOHHOM MOJEIUPOBAHMM Tpolecc (YHKIMOHUPOBAHUS TOJCUCTEM,
BBIPQXCHHBI B BHJI€ NpaBWJI U YPAaBHEHUH, CBS3BIBAIOIIMX IEPEMEHHbIE, UMUTUPYETCS Ha
KoMmbloTepe. JlIss MMHUTAMM  HCNOJB3YIOTCS  CHELHAIBHBIE Cpedbl HMMUTALMOHHOIO
MOJICJIMPOBAHUS, IO3BOJIAIOIINE CTPOUTH MOJENH, HMMHUTHUPYIOIIUE paboTy MOJEIHpyeMOn
CUCTEeMBI, C JII0OOH CTENEeHBbIO JOCTOBEPHOCTH O€3 MpOBeACHHs MOAPOOHBIX AHATUTHYECKHX
peoOpa3oBaHUM.

B 3aBucumocTu OT TOro, COAEPKUT JIM MaTeMaTH4ecKasi MOJeNb clydaiiHble (pakTophl, OHA
MOJKET OBITh OTHECEHA K KJIACCY COXACMUYECKUX UIU OemePMUHUPOBAHHBIX.

B odemepmunuposannvix mMonensx HHU ueneBas (YHKIUS, HU YpaBHEHUS CBSI3U HE
coJepkar ciydailHbIX (akTopoB. Cie0BaTeNbHO, A JAHHOTO MHOXKECTBA BXOIAHBIX 3HAUCHUH
MOJIeJIM Ha BBIXOJZI€ MOKET OBITh MOJYy4YeH TOJBKO OJUH €AMHCTBEHHBIN pe3ynbraT. [ nmaBHas
O0COOEHHOCTh JAETEPMUHUPOBAHHOM MOJENN 3aKIIOYAeTCsl B TOM, YTO JHOOON HPOrHO3 (KUBas
Macca >KMBOTHOTO, YPOXKalHOCTb KYyJbTYpBl, KOJHMYECTBO OCAaAKOB) OHa (OpPMUPYET B BHIE
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4lClla, a HE B BUJE PACIpeleleHHs] BEPOSITHOCTEH. DTO B pslie CllydaeB MPUEMIIEMO, OJHAKO
KOrJla TMPUXOJUTCS HMETh [0 C BeJIMYMHAMHU, 3HAUY€HHE KOTOPBIX MpPENCKa3aTb TPYAHO
(KOJIMYECTBO OCAIKOB), TAKOM MOJXO0J] OKAa3bIBAETCSl COBEPIIIEHHO HEYJOBJIETBOPUTEIbHBIM.

Cmoxacmuueckue mamemamuieckue mooeiyu UMEIOT  (AKTOpPbl C BEPOSATHOCTHOMN
IPUPOION U XApaKTEPU3YIOTCSI KaKUMU-INOO 3aKOHAMHU paclpeieeHHs. 3Haue€HUsl BBIXOIHBIX
XapaKTepUCTHK B TaKUX MOJENAX MOTYT OBITh MpEICKa3aHbl TOJBKO B BEPOATHOCTHOM CMBICIIE.
9710 1a€T BO3MOXKHOCTh OLICHUBATh HE TOJIBKO CPEJHEE 3HAUEHHUE MTPOTHO3UPYEMOI0 MapaMeTpa,
HO U €ro JAUCIIEPCHIO.

CrnenyrounmMm NPU3HAKOM, MO KOTOPOMY MOXKHO pa3jinyaTb MaTeMaTHYECKHE MOJENH,
SBIISIETCS CBS3b C (DAKTOPOM BPEMEHH.

Cmamuueckas mooeib — 3TO MareMarthdeckas (YHKIHsS, B KOTOPYIO HE BKIIIOYCHA
nepeMeHHass BpeMeHH. Bce 0coOeHHOCTH MOBENEHHUs CHCTEMBI, HMEIOIIUE BBIPAKEHHYIO
3aBUCHUMOCTb OT BPEMEHM, NPU ITOM HTHOPUPYIOT. A IOCKOJIBKY BCE B MHpE OBICTPO JIH,
MEIJIEHHO JIM, HO MEHSETCS, TO JII00as cTaTuyeckas Mozelb ycinoBHa. CTaTUYECKUMU MOACTISMU
HOJIB3YIOTCS, KOTJIa B paMKax IOCTaBJICHHOHN 3aJjaud MHEPLHMOHHOCTHIO U "MaMsAThI0" peanbHOU
CHUCTEMBbl MOXKHO TpeHeOpeyb. DTO BO3MOXKHO TpHU BHINOJHEHUH psAa YCIOBHM, B YHCIO
KOTOPBIX BXOJAT CIEAYIOLIHUE:

- cuUcTeMa ycToiuMBa, T.€. IEPEeXOAHbIE MPOIECCHl MOCIEe CKAYKOOOPa3HOTO HM3MEHEHHUS
BXO/JIOB 3aTyXaloT;

- BXO/JIbI MEHSIIOTCSI MEJIJICHHO;

- BBIXO/Ibl U3MEHSIFOTCS PEAKO.

Marematuyeckasi MOICNb CUCTEMBI Ha3bIBACTCSA OUHAMUYECKOU, €CIIA 3HAUEHUE €€ BbIXOAa
y(t) MOXET 3aBHCETh OT BpEeMEHH t MPOTEKAaHUsI MPOIIECcca, €ro MPOILIOTO S:

y(©) = F({u(s), s<t}). (1.1)

JunaMuueckre MOJIeNU MO3BOJIAIOT yUeCTh HAIMUKE "maMsATU", UHEPIIUOHHOCTH CUCTEMBI.
MatemaTuyecKuM armapaToM ONUCAHHS JUHAMHYECKUX CHUCTEM SBISIOTCA nuddepeHuanbHole,
pPa3HOCTHBIE ypaBHEHUs, KOHEUHbIE aBTOMAThI, Cly4ailHble Ipolecchl. JuHaMu4yeckue MoJENH,
UMEIOIINe TMPAKTUYECKYI0 II€HHOCTh, OOBIUHO CTPOSITCI Ha OCHOBe U epeHIranIbHbIX
YPaBHEHUH, HE MOJAAIOLINXCS NPSIMOMY MHTETPUPOBAHUIO, U PEUICHHE MX HENb3sl NOJYyYUTh B
BUJIE MPOCTHIX aHAIUTUYECKUX BhIpakeHHH. B 3TOM ciiydyae mpuberaroT K YUCIEHHBIM METOo/laM
pelIeHNI Ha KOMIIBIOTEPE C MIOMOIIBIO CIIEUAIBHOIO IPOrPaMMHOI0 00eCTIeueHUs!.

CucreMa MOXET OBITh OUCKpEemHOU UIU HenpepbléHoli TI0 BX0/1aM, BBIX0/IaM U IO BpEMEHHU.
[lon nuckpeTHBIM MOHMMAETCS KOHEYHOE WIJIM CUYETHOE MHOKECTBO- OAMH, J1Ba, TpU U T.A. [lox
HENPEPBHIBHBIM  TOHUMAETCSI MHOKECTBO - OTPE30K, Jyd WM HIpsMasl JIMHUA, T.€. CBA3HOE
YHCIIOBOE MHOXECTBO, KOJIMYECTBO 3JIEMEHTOB KOTOPOrO CTpeMHTCA K OeckoHeyHocTu. Kak
MPaBHUIIO, TUCKPETHOCTh BXOJa BieYeT 3a co00il NUCKPEeTHOCTh BhIXxoJa oObekTa. Kpome Toro,
JUISL CTATUYECKUX CUCTEM MCUYE3aeT Pa3HUIIA MEX/1y HETIPEPHIBHBIM U JUCKPETHBIM BPEMEHEM.

Cmewannvie MOAETW MOTYT COJEp’KaTh Kak (uU3NYecKue, TaK W CHUMBOJINYECKUE
AJIEMEHTHI.

Omnupuyeckue MOJETN OMHMCHIBAIOT CBS3M MEXKAY IMapamMeTpaMu 3JEMEHTOB OJHOTO
ypoBHA. Pa3pa®oTuuk SMIHPHUYECKONM MOJENM BCErJa OCTaeTcs B Ipelenax OJHOIo €IuH-
CTBEHHOTO YPOBHS OpraHM3alMOHHON HepapXuu, e OH U CTPOUT YpaBHEHHUS, CBA3BIBAIOIINE
MEXy cOO0 napaMeTpsl, CBOMCTBEHHBIE TOACUCTEME TOIBKO TaHHOTO YPOBHS.

DyukyuoHanbHas MOJENb OOBACHAET CBSI3M MEXIY B3JIEMEHTaMHU KaK OJHOIO YpPOBHS
UepapXuH, TaK W MEKIY Pa3TUYHBIMH ypOBHSAMHU. Pa3zpaboTymk (YHKIIMOHATBEHOW MOJEIN
CTPEMHUTCSl OINHUCATh IOBEJACHHE CHUCTeMbl C (yHAaMEHTaJIbHBIX TO3ULHUN, 3aTparuBarOINX
OCHOBY pabOThI 00BEKTA, YUUTHIBAIOMINX Hanboee 0011I1e 3aKOHOMEPHOCTH €ro paboTHI.

Bcerna MOXHO MOCTPOHUTH TaKyl SMIIMPHYECKYI0 MOJAENb, KOTopas Obuia Obl corfa-
COBaHA C MAacCHBOM OTBITHBIX JaHHBIX JIydlle, 4eM (yHKIUOHAIbHASA, T.K. AMIUpUUYECKas
MoOJielIb MPaKTHYEeCKH CBOOOJHA OT OTrpaHMYEHUN, B TO BpeMs KaK BO3MOXKHOCTHU (PYHKIIH-
OHAJILHOM MOJENIN OTPaHUYUBAIOTCS IOJIOKEHHBIMH B €€ OCHOBY JONYUICHUSMH, MIEAMU U
THUIOTE3aMHU.
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IonsiTHE «YePHBIN MUK

Pemienne mpoGiembl €cTh TO, YTO 3aMOJHSAET MPOMEKYTOK MEXKAY CYLIECTBYIOLIEH U
JKelmaeMo cucrteMaMu. BakHoe 3HaueHWe Ui YelOBEeKa HWMEIOT HarjsaHble, OOpa3HEIE,
BU3yaJIbHbIE MOJIeIU. [ HarjasigHOTrO NpEeNCTaBICHUS CHUCTEMBI €€ HU300pakaioT B BHJE
«UEpHOTo SAIIHUKa», BBIJCICHHOTO W3 OKPYXKAIOIIeH Cpebl U HMMEIOIIETO BXOJbl U BBIXOJBI,
puc.1.1. Ha3Banue «uepHbIN ALMK» OOpa3HO MOJUYEPKUBAET IOJHOE OTCYTCTBUE CBEIACHHI O
BHYTPEHHEM COJICP)KaHHUH SITUKA: 3a/1aF0TCS, PUKCUPYIOTCS, MIEPEUUCIISIIOTCS TOJIBKO BXOIHBIC U
BBIXOJHBIE CBSI3M CHCTEMBI CO cpenoi. Takod MoAXOJ, HECMOTPST HAa €ro MpOCTOTY M Ha
OTCYTCTBUE CBEJICHUIN O BHYTPEHHEN CTPYKTYPE CUCTEMBI, YaCTO OKa3bIBACTCS MOJIE3HBIM.

CormocTaBnsis BXOJbl U BBIXOABI 32 Psii MOMEHTOB BPEMEHHU, HAXOISAT TaKUE€ BXO-HbIC
napaMmeTpbl X, TPHU KOTOPBIX PACCUMTAHHBIC 3HAYCHMS BBIXOJHBIX MapaMeTpoB Y JIydIlle BCETO
AnMpPOKCUMUPYIOT (haKTHUECKUE 3HAYEHUS BHIXOJIOB.

CymiHocTh MeTOJa "4epHOro simuKa" COCTOMT B TOM, YTO IPU HCCIICIOBAHUH OOBEKTOB
OHHM PacCMaTPHUBAIOTCS KAaK HEIOCTYMHBIA N7 HAOMIOJIEHUS, U3YUYCHHUS] U OIMUCAHUS "YepHBIH
AMMK", MMEIOIIUA OmNpelesieHHble BXOAbl M BBIXOJbI. BcliecTBUE CIIOKHOCTH YCTPOMCTBA
"yepHOro smuKa', T.e. ©3y4aeMoro o0beKTa, BO3MOXKHO JIMIIL HAOII0JaTh COCTOSIHUE BXOJOB B
HETO M COOTBETCTBYIOIIUX MM BBIXOJIOB, T.€. M3y4aTh MOBEJICHHE, HE 3HAs €ro BHYTPEHHETO
YCTPOMCTBA.

OnHako, Kak Obl JIETAJIbHO HU M3y4ajoCh MOBEACHUE "UEPHOTO SIIUKA', HEIb3sl BHIBECTH
000CHOBAHHOTO CYXKJEHHUS O €r0 BHYTPEHHEM YCTPOWCTBE, MO0 OJHUM U TE€M K€ MOBEICHUEM
MOTYT 00aaTh pa3auvHble OOBEKTHl, @ OJHO M TO >KE€ COOTHOIICHHE MEXIy BXOJaMH U
BBIXOJIAMU MOXKET B TIpeAesiax HMEIOLUXCS CTaTUCTHYECKUX JAHHBIX YJIOBIETBOPHUTEIBHO
ONHUCHIBATHCA HECKOJIBKUMHU Pa3IMYHBIMM MaTEMaTHUUYECKUMH BbIpakeHUSIMU. C yBelIUYECHHEM
grciia (GakTOpOB PErpecCHOHHON MOJeNH OOBIYHO MAJaeT €€ JOCTOBepHOCTh. Kak moka3biBact
MpaKTUKa, YJOBJIECTBOPUTEIIbLHBIE MOJEIN IMOJIYyYalOTCAd MpPU OMUCAHUM CUTyalluW, B KOTOpPOH
BBIXOJHOU (PaKTOp CYIIECTBEHHO CBS3aH HE 0OJIEe UYeM C MATHIO-IIECThIO0 BXOIHBIMH (DAKTOpaMH.

Bo MHOrux ciydasx IOCTaTOYHO COJIEP’KATEIbHOTO CJIOBECHOIO ONHUCAHUS BXOJ0B U
BBIXOJIOB.

OEpyEarwWan
cpena

FNeMeHTbI
CHCTEMEI

I
X OO —— ¥

CHeTeMa

Puc.1.1. K NOHATHIO «4EpPHOTO SIIIIUKAY.

OnumieM BXOABI M BBIXOJBI CHCTEMBI «TPy30BOM aBTOMOOMIB». B nmanHoMm ciyudae 3a
BBIXOJI MOXKHO NPUHSATH Y| - TPY30I0IbEMHOCTh aBTOMOOMIISA, a TaKk)Ke, Harpumep, Y, -3aTpaTsl
roploYero Ha €IMHUIY TNepeBe3eHHOoW mnpoaykuuu. CopmynupoBaB TaKHUM 0OPa3oM BBIXOJIBI
CUCTEMBI, MO’KHO IPUMTHU K BBIBOAY, YTO OHM MOTYT OTHOCHTBCSI KO BCEM aBTOMOOMIISIM, a HE
TOJIBKO K TPy30BBIM. UTOOBI pa3inuuTh aBTOMOOWIN BOOOIIE W TPY30BbIE aBTOMOOMIA MOXHO
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yKa3aTh, YTO IPy30MOJBEMHOCTh JOJKHA OBbITh, Hampumep, He MeHblie 5 T. Eme MoXHO
N00aBUTh JOCTATOUHYIO JUIs ONPEIETICHHON 30HbI 3KCILTyaTallud IPOXOAUMOCTh AaBTOMOOMJIS.

B kauecTBe BXOZOB AJI1 TPY30BOr0 aBTOMOOMJIS 0003HAUYUM TE€ €ro 3JIEMEHTHI, KOTOPbIE
IpeIHa3HaYeHbl U1 YNPaBICHUS BO BpeMs IBWKEHHS: X - pynb, X; , X3 ,X4 - nejanu
CLUEIUICHUs, ra3a M TOpMO3a, Xs - pbl4ar IMEPEKIIOYEeHUs Iepenad, Xe — IEPEKIYaTeNH
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 TPY30BOTO 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 IMO3TOMY 3amucarth X - OKHA U 3€pKajia, ¢ MOMOLIBIO 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 TPYHTOBOH J0opore,
B 1I0JI€, AOXK/b, TOJIONEN, I'pA3b. JloOaBisieM K CIUCKY BXOJ0B X2 - MEXaHUYECKOE BO3/IEHCTBUE
TpyHTa Ha KoJieca. Paccyxnas namee, 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 CBUAECTEIBCTBYET, YTO OCTPOCHUE MOJIEIH «YEPHOTO SINKa» HE
SIBJIIETCS TPUBUAIBHOM 3a7auel, Tak KaKk Ha BOIIPOC, CKOJIBKO M KAKHU€ BXOJbI U BBIXOJbI CIEAYET
BKJIIOYAaTh B MOJIE/Ib OTBET HE NpOCT. I'MaBHOM NpHYMHON OOJBIIOr0 KOJIMYECTBA BXOAOB U
BBIXOZIOB B MOJEINM «YEPHOIO SIIMKa» SBISETCS TO, 4YTO BCsKas peajbHas CHCTEMA
B3aUMO/ICICTBYET ¢ 0OBEKTAMU OKpYXKarOIe cpe/ibl HEOrPAHUYEHHBIM YHCIIOM CIIOCOOO0B.
JleTepMUHUPOBaHHbIE U CTOXACTHYECKHUE, YIIPABJIsAeMbIe¢ H HEyIIPaBJsgeMble CHCTEMbI

Paznuuator demepmunuposannvie u cmoxacmuyeckue cucmembl.

B Odemepmunuposannvix cUcTEMax LEIb HCCIEAOBAHUS IOJTHOCTBIO ONPEIENIEHA, CaMy
JJIEMEHTBl M OTHOIIEGHUS MEXAY HUMU U BHEHNIHEW cpefod wu3BecTHB. IIpumepom
JIeTEPMUHAPOBAHHON CHUCTEMBI MOXET ObITh, HalpuMep, yOOpka (pPYKTOB KakK MpPOHU3BOJI-
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,
kBanudukanus coopurkoB. K HecylleCTBEHHbIM MpHU3HAKAM MOXKHO OTHECTH  (aMHIIHH
COOPILUKOB, IIBET MaTepuaya u3 KOTOpOro clejaHa Tapa U T.J.

Cucmemol co cmoxacmuyeckou cmpyKkmypot He UMEIT JIH0O0 SCHO BBIPAXCHHOM IIENH
UCCIIEIOBaHMsI, JTUOO BBIPAKEHHBIX CYILECTBEHHBIX 3JIEMEHTOB M OTHOLICHUH MEXAy 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 U1 TOCTUKEHUS HAMEYCHHOU
LEJIH.

Vnpaesnaemvie cucmemvr 00ecreUMBaIOT IIeTICHANpPaBIEHHOE (QYHKIIMOHUPOBAHUE MPU
M3MEHAIOIINXCS] BHYTPEHHUX WJIM BHEIIHUX YCJIOBHAX. YTIPABICHUE OCYLIECTBIISIETCS YEIOBEKOM
WIM CHELHUAIbHBIM 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 AadbHEHIINHA CHHTE3 CUCTEMBI 3a CUET CIUSHUS €€ KOMIIOHEHTOB.

Cucmemmubiii n00Xo0 TpeAnoaaraeT mnepexo] OT OOIEero K 4acTHOMY IPH BbIACICHUU
HCCIIElyeMOT0 00BEKTa 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-
Karoas ux pzaumopencTeue. CTpyKkTypa CUCTEMbl MOXKET U3y4aThCsl C pa3HbIX MO3ULUN- U3BHE
(cocTaBa OTJENBHBIX 3JIEMEHTOB CUCTEMBI M OTHOLICHUN MEXYy 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 cucmemsl MOTYT OBITh KOJWYECTBEHHBIE W KauecTBeHHbIe. Komm-
YECTBEHHO CHCTEMa XapaKTepU3yeTCs YMCIaMM, BBIPAKAIOIIMMHU OTHOIIEHHE MEXIYy 3aJaHHOU
BEJIMYMHON (3TAJIOHOM) M HcciaenyeMol BenuuuHOM. KadecTBEHHbIE 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 mcronb30BaHUH
CHCTEMBl Ba)KHO KauecTBO ee (pyHKIMoHUpoBaHUs. OJUH M TOT K€ 3aKOH (DYHKIIMOHUPOBAHMS
MOXET OBITh pealu30BaH C MOMOIIBI0 Pa3IMUHBIX aIropuTMOB. [Iponecc GyHKIIMOHUPOBAHHS
MOXHO paccMaTpuBaTh KakK IIOCJIEOBaTENIbHYI0 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 Bo3zelcTBUeM. BHemHss cpena
onpenenser YCIOBUS (DYHKIMOHUPOBAHMS CHUCTEMBl IIOCPEICTBOM BO3JEHCTBHSI BHEIIHUX
(baxTOpOB, ABIAIOMUXCS ABIKYIIEH CHIION Mpolecca U ONpeNeNsIiomuX XapaKTepUCTHKH 3TOTO
nporecca. B 3aBucuMOcCTH OT  LenM BHEIIHUE (DAKTOPbl MOTYT OBITh CIUMYAUPYIOWUMU,
DpeyIupyiowumMu, 02paHuduearOuUMu, 603MyWarowuMy U paspyuarouumu.

Cmumynupyowue Gaxmopsl CTUMYJIHUPYIOT pPa3BUTHE Mpoliecca, HapUMep, Iojava
YTIJIEKHCIIOTO Ta3a (BHEIIHUH (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, pErJIaMEeHThl M  CTaHIApThI
(YHKIMOHUPOBAHUS TEXHOJIOTHUYECKHUX IPOLIECCOB U TEXHUUECKUX CHCTEM.

Bosmywatowue ¢akxmopvr — 3T0 OTpHULATENbHbIE (DAKTOPbI, HETaTUBHO BIMSIOIINME 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 YAaCTUYHOMY WIH IOJHOMY
YHUUTOKEHUIO CUCTEMBI.

OTHOIIEHUS MEXAY 2JIEMEHTAaMH CUCTEMBI U CUCTEMOMW ONpENeNsIoTCs X Hepapxuei.

Hepapxus — 3T0 ynopsiA0YEHHAs! 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 Omnucanue ypoBHS

i+1 COBOKYITHOCTh OpTaHU3MOB (CTaJI0,
CEJIbCKOXO3SUCTBEHHAST KYJIbTYpa)

i Opranu3m (GKMBOTHOE, PACTCHHE)

1-1 Opransl

-2 Tkanu

1-3 Knerkn

-4 Opranesnis

1-4 MakpoMOJIEKyJIbIL.

B uepapxuueckoii cucmeme  0OBEKT pacujeHSETCS Ha YPOBHH COTJIACHO MPHHLUIY
NOJUYUHEHHUs] HU3MUX ypoBHEH BbicluMM. CTeneHb AEKOMIO3MLUU OyAeT ONpeneNnaTbcsi Kak
cneun (UKol pemaemMoi 3a1a4n, Tak ¥ UMeroiercss nadopmarueit 06 oobexTe.

Hepapxuueckass opraHu3anus, KOHEYHO, HE SIBJIAETCS HCKIIOUYUTEIBHOM OCOOEHHOCTBIO
CeNbCKOTO XO3SMCTBA - TAaKOW TOAXOJN K CTPYKTYPHPOBAHHIO NPUIOKHM K CaMbIM
pa3HOOOpa3HBIM CHCTEMaM - KOMMEPYECKHUM MPEANPHUITHUSAM, KOMIUIEKTaM KOMIBIOTEPHBIX
IpOTpaMM, COLUATEHOMY YCTPOUCTBY, JICKTPOHHOMY 00OPYJOBAHHUIO U T. TI.

OOBeKThl, MpUHAAIEeKAIINE KAXKIOMY CTPYKTYPHOMY YPOBHIO, MOTYT paccMaTpuBaThcs U
KaK CHCTEMbI, OOpa30BaHHbIE M3 MoOAcHUCTEM (O0BEKTHI 0Oojiee HHU3KMX YpPOBHEH), U Kak
HOJICHCTEMBI, BXOJAIINE B COCTAaB HEKOTOPOH cUcTeMbl (00BEKT 00J1ee BHICOKOTO YPOBHS).

Jns uepapXuyecKHX CHUCTEM XapaKTepHBI TP BaXKHBIX CBOWCTBA:

1. Kaxnplii ypoBeHb HEepapXuM HMEET CBOH COOCTBEHHBIN SI3BIK, CBOIO CHUCTEMY KOH-
Henuuid WM npuHOUNoB. K mpuMepy, MOHATHS «IIPOU3BOJICTBO MPOIYKTOB XKHBOTHOBOJICTBAY,
«ypO’XKalfHOCTh CEJIbCKOXO35IICTBEHHON KyJIBTYphl» NMPAKTHUECKH JIMLIEHBl CMBICIA Ha ypOBHE
KJIETKH WM OPTaHEeIUIBL.

2. Ha kaxaoM ypoBHE HEpapXuu HPOUCXOIUT 00O0OIIEeHHE CBOWCTB OOBEKTOB Ooisee
HU3KHUX YpOBHEH. 3aKOHOMEpHOCTH, OOHAPYKEHHbIE M ONMUCAHHBIC JUIS TOCIEIHHMX, MO-TYT
OBITh BKJIIOYEHBI B OOBACHSIONIYIO ((DYHKIIMOHAIBHYIO) CXeMy, oOpeTas mpH 3TOM CBsI3b C
00BEKTOM BBICHIETO YpOBHsA. TakuM o0Opa3oM, ONUCAaHUE Ha YPOBHE 1 CHOCOOCTBYET
00BICHEHUIO (TOHMMAHUIO) SBIICHUM, UMEIOIINX MECTO Ha ypOBHE i- 1.

3. B3auMoCBs3M MEXIy YpPOBHSIMH HE CHMMETPWUYHBI. JIJIi HOpPMajabHOTO (YHKIH-
OHUPOBaHUS OOBEKTOB BBHICIIETO YPOBHS HEOOXOAMMO, YTOOBI YCIEUIHO «paboTanu» OOBEKTHI
0oJjee HU3KOT0 YPOBHS, HO HE HA00OPOT.

OpHako rinaBHas 3ajaya MpU 3TOM — BbIOpPAaTh KOMIIOHEHTBHI CHCTEMBI TaKHMM 00pa3oM,
YTOOBI KaXX/IOMY U3 HUX ObliIa IPUCYIIa OTHOCUTENbHAsI aBTOHOMUS, TO €CTh YTOOBI BHYTPEHHHE
CBSI3M B Ipefesax KakIoH NOJACHCTEeMbl ObUIM CHJIBHBIMH, a B3aUMOJECHCTBUS MEXIY

53



noacucreMaMd — claObIMU. OOBIYHO PEMIAIONINM OKa3bIBA€TCA TO OOCTOSITENBCTBO, YTO
MOJCUCTEMBI, TOJJICKAIINE PACCMOTPEHHUIO, TOJDKHBI OBITh XOPOIIIO U3yYEHBI M OMHUCAHBI.

2.1.3 Pe3yabTaThl U BHIBOJBI:

HSy‘lI/ITB OCHOBHBIC ITIOHATHUA, OIIPCACICHNA TCOPUU HO)IO6I/IH H MOACIUPOBAHHUA

2.2 [IpakTuyeckoe 3ansaTue Ne2 (2 yaca).

Tema: «(I)mnqecmle, AHAJ0IoBbIC U MAaTEMATH4Y€E€CKHUE MOAEC/IN 00bEeKTOB H nmpoueccoB»

2.2.1 3apanue nis padoThbI:

1. Cratudeckue u JUHAMHUYCCKHNEC MOJCIIN

2.2.2 KpaTkoe onucanue nNpoOBOANMOIO 3aHATHS:

CrnenyommM MPU3HAKOM, IO KOTOPOMY MOKHO pa3jiuyaTh MaTeMaTH4YEeCKHE MOJEINH,
ABJISIETCS CBSI3b C (DAKTOPOM BPEMEHH.

Cmamuueckas mooenrb — 3TO MaTeMaTHuyeckas (DYHKIHsS, B KOTOPYIO HE BKJIIOYEHA
IepeMeHHas BpeMeHU. Bce 0COOEHHOCTH MOBEACHUS CUCTEMbI, MMEIOLIUE BBIPAKECHHYIO
3aBUCHUMOCTb OT BPEMEHH, IIPU 3TOM HTHOPUPYIOT. A IOCKOJIBKY BCE B MHpE OBICTPO JIH,
MEJJIEHHO JIU, HO MEHseTCs, TO Jr00as ctaTuueckast MOeb yciaoBHA. CTaTUYECKMMU MOJEISIMU
HOJIB3YIOTCS, KOTJ]a B paMKax IMOCTaBJICHHON 3aJjaul MHEPLUOHHOCTHIO U "MaMAThIO" peanbHOI
CHCTEMBl MOXHO IpeHeOpeub. OTO BO3MOXXHO IPHU BBINOJIHEHUM psiia YCJIOBHUI, B 4YHUCIO
KOTOPBIX BXOJAT CIEAYIOLIHUE:

- CUCTEMa yCTOWYMBa, T.€. IEPEXOJHbIE MPOLECCH OCIEe CKAYKOOOPa3HOTOo M3MEHEHUs
BXOJIOB 3aTyXaloT;

- BXOJIbl MEHSIOTCSI MEIJICHHO;

- BBIXO/Ibl U3MEHSIFOTCS PEAKO.

MaremaTtuueckast MOIE€Ib CUCTEMBI Ha3bIBACTCS OUHAMUYECKOLL, €CIIN 3HAYEHUE €€ BhIX0/1a
y(t) MOXET 3aBHCETh OT BpEMEHH t MPOTEKaHUsI MPOIIECcca, €ro MPOILIOTO S:

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

JluHamuueckre MOJIEH MO3BOJISAIOT YUECTh HAIMYKE "aMATH", THEPLIMUOHHOCTU CUCTEMBI.
MaremaTHuecKkiM anmnapaToM ONMMCAHUs IUHAMUUYECKHX CHUCTEM SBIAIOTCA AU epeHnnanbHbIe,
pPa3HOCTHBIE YpaBHEHUS, KOHEUHbIE aBTOMAThl, CIy4aiHble Ipouecchl. JJuHaMuueckue MoJelH,
UMEIOIME IPAKTHUYECKYI0 II€HHOCTb, OOBIYHO CTpPOSTCA Ha OCHOBE JU(QepeHIHnaTIbHbIX
YPaBHEHUH, HE MOAJAIOIINXCS MPSIMOMY MHTETPUPOBAHUIO, U PEIICHNUE UX HENb3sl NOJYyYUTh B
BUJI€ MPOCTHIX aHAINTHYECKUX BBIpaK€HHH. B 3TOM citydae nmpuberaroT K 4YMCICHHBIM METOAaM
pelIeHni Ha KOMIIBIOTEPE C TOMOIIBIO CIIEUAIBHOIO IPOrPaMMHOT0 00eCTIeueHUs!.

Cuctema MOXET OBITb OUCKPEMHOU UIU HEeNnpepvieHOoU TIO BXOJaM, BBIXOJAM U IO
BpeMeHHU. 1o TuCKpeTHBIM MOHUMAETCSl KOHEYHOE WM CUETHOE MHOYKECTBO- OJIMH, /1Ba, TPU U
T.A. I[lox HempepbIBHBIM IOHUMAETCS MHOXXECTBO - OTPE30K, JIyd WU MpsiMasl JHUHUSA, T.C.
CBSI3HOE UHCJIOBOE MHO>KECTBO, KOJIMYECTBO IEMEHTOB KOTOPOI'O CTPEMUTCS K OECKOHEUHOCTH.
Kak npaBmiio, TMCKpEeTHOCTh BXOJa BjeyeT 3a co0OW TUCKPETHOCTh BbIXxoaa oObekTa. Kpome
TOTO, s CTaTUYECKUX CHUCTEM MCU€3ae€T pa3HHULAa MEXAY HENPEpPhIBHBIM U JUCKPETHBIM
BPEMEHEM.

Cmewannvle MOJENW MOTYT COJIEpXKaThb Kak (u3nyeckue, TaKk M CHMBOJIHMYECKHE
JJIEMEHTBI.

Omnupuyeckue MOJIEIN OIUCBHIBAIOT CBSA3M MEXIY I[apaMeTpaMu 3JIEMEHTOB OIHOIO
ypoBHA. Pa3paboTumk SMOUPHUYECKOM MOJAENM BCerga OCTAeTCs B IMpelesax OIHOIo
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€AMHCTBEHHOIO YPOBHS OpraHM3allMOHHOM HepapXuM, TIJ€ OH M CTPOUT YpaBHEHUS,
CBSI3BIBAIOIME MEXy COOOH mapaMeTpbl, CBOMCTBEHHBIE MTOACUCTEME TOJIBKO JAHHOTO YPOBHS.

DynkyuonanbHas MOIEIb OOBICHIET CBA3M MEXKIY IEMEHTaMU KakK OJHOTO YpPOBHS
UepapxuM, TaK M MEXIy pa3IMYHBIMH YPOBHSAMH. Pa3paboTuuk (QyHKIMOHAIBHOM Monenu
CTPEMHUTCSl ONHUCaTh IIOBEIEHUE CUCTEMBI C (YyHIAMEHTAJIbHBIX MO3MLMH, 3aTparuBarolIMX
OCHOBY paboThl 00BEKTA, YUUTHIBAIOIINX Hanbosee 00Iue 3aKOHOMEPHOCTH €r0 PadOTHI.

Bcecerna MOXHO TOCTPOMTH Takyl OHMIMPUYECKYIO MOJENb, KOTOpass Obula Obl
COIIACOBAaHA C MAaCCHBOM OIBITHBIX JAaHHBIX JIydllle, YeM (yHKIHOHAJIbHAS, T.K. SMIUpUYECKas
MOJielb IPAKTUYECKH CBOOOJHA OT OrPAaHUYEHUH, B TO BpeMs Kak BO3MOXHOCTU
(YHKIMOHAIBHON MOJEIN OrPaHUYUBAIOTCS IOJIOKEHHBIMH B €€ OCHOBY JOIYLICHHUSIMH,
UAESIMU U TUIIOTE3aMHU.

2.2.3 Pe3yabTaThbl 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 HAIEKHOCTH CUCTEM 00CIYKMBAHUS CEJIbCKOI0
xo3siiicTBa. [IpuHIMIIBI MOCTPOEeHUA MaTeMaTHYecKuX Mojeneil. O0padoTka pe3yJIbTaTOB
CIJIAHUPOBAHHOI0 IKCIIEPUMEHTA»

2.3.1 3apanue nis padoThbI:
1. Annpokcumariisi UCXOJHBIX JaHHBIX: HHTEPIOJIALINS, PErpeccHs, CrIaKUBaHUE C
dunbTpanuei

2. ®yHKUIHMH poCTa

2.3.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS

Annpoxcumayuss UCXOOHBIX OAHHBIX- CTIOCOO TIPENCTABICHUS JAaHHBIX B BHJIE TOW WIH
uHOH 3aBucuMocTu. [y Gonee 3pPEeKTUBHOTO MEPBOHAYATBHOTO aHAIN3a SKCIIEPUMEHTALHON
UHPOPMALIUU COUYETaHUE ABYX BEJIMYMH MPEJCTABIAIOT Ha rpaduke B BUAE TOUYEK X; y; (MMeeT
MECTO TaK€ 1 MHOTOMEpHasl alnpokcumanus). Bo3MoxHbI cneayronme Buabl alnpoKCUMaIUu:

- unmepnonAyus, KOTAA allpoKCUMHUpYoIas (QyHKIUS [OOJDKHA IPONTH dYepe3 Bce
AKCIIEPUMEHTAIbHBIE TOUKH;

- pecpeccus, KOrja anmnpoKCUMUpYIOIas (QYHKLIUS YCpeIHSeT SKCIepUMEHTalIbHbIE
JaHHBIE, IPOXOAUT BOJIM3U HUX;

- cenaxcusanue ¢ guivmpayueti, Korga (QYHKIIUS HE YYUTHIBAET BBIOPOCHI, IITyMBI,
CIIy4aiHbl€ JTaHHbIE U apTEe()AKTHI.

[Tpu uHTEpHONALMK Yepe3 HKCIEPUMEHTAIBHBIE TOYKM IPOBOIATCS KPUBBIE DPA3HOU
CTENEHM IIaJJKOCTH, Pa3HOU CcTeNneHU NMpUOJIMKEHUS K AaHHbIM. [Ipu nuHeiHONW MHTEpHIONILUU
annpoKCUMHUpYIomas (QYyHKIHUS COENUHSAET COCEIHUE SKCIEPUMEHTAIbHbIE TOYKH OTpE3KaMU
OPAMBIX JIMHUH. MHTEPHOISALINIO OCYIECTBIISIOT B YHKIIUN OJHOM U 00Jiee TepeMEHHBIX.

Kybuueckas cnnavin-unmepnonayus COEAUHIET HECKOIBKO COCEAHUX HSKCHEPUMEH-
TaJbHBIX TOYEK IVIAJKOW KPHUBOMW, IEpBas U BTOPAs MPOU3BOAHBIC KOTOPOM B KaXKJIOM TOYKE
HEIPEPBIBHBI.

Okcmpanonayusi — 3TO HUHTEPNONALMSA 3a MpeAesaMu 3aJaHHOTO MHTEpBajla 3KCIle-
PUMEHTAIIBHBIX TOUYEK, IPEACKAa3aHUE 3HAYCHUH 110 UMEIOIIMMCS JaHHBIM.
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Ilpeocmasnenue oanHbvlx 6 6ude 8peMeHHbIX ps00s. BpeMeHHbIe PSbl, psIbl JUHAMUKH,
XapaKTepU3yl0T U3MEHEHHE TOTO WJIM MHOTO IOKa3aTeis BO BPEMEHM, BPEMEHHOU (YHKITHH.
BpeMeHHO psii MOTYT COCTaBIISATh KaK OTAEIbHBIC YUCIIA, TAK U BEKTOPA U MATPHIIBI.

B kaxaoMm psay uMMmeeTcs IBa OCHOBHBIX JJIEMEHTA: MOKa3aTellb BPEMEHH t U COOT-
BETCTBYIOIIUM €My YpPOBEHb pa3BUTHS u3zydaemoro siBiieHus Y=f(t). OCHOBHBIM moKazarenem
JUISL TIOJTYY€HHUS MTPaBIIIbHBIX BHIBOJIOB MIPH aHAJIHM3E PAIOB IUHAMUKH SBIISETCS COMTOCTABUMOCTh
€ro 3JIEMEHTOB.

Psnbr popmupyroTcs nmpu oOpaboTke pe3ylbTaToB HAOMIOACHUH (apryMEHT X B TaOIHIE
2.1. — Bpems t). 3HaueHUs OJHOMMEHHBIX IIOKa3aTejled IOBTOPSIOMIUXCA BO BPEMEHU
pacmonaraloTcs B XPOHOJIOTMYECKOM mocienoBaTenbHOCTH. Kaxablii psia  oXBaTbIBaeT
OTJeNbHBIC TEPHOABI BPEMEHH, B KOTOPHIE MOTYT NPOUCXOIMTH M3MEHEHUS, MPHUBOISIIINE K
HECOMOCTaBUMOCTH C JaHHBIMH Jpyrux nepuoaoB. Cpeau MpPUYMH, NPUBOMAIIUX K
HECONOCTaBUMOCTH, MOXXHO Ha3BaTh CIEIYIOLIHE:

- oMOKH B NMOKa3aHUSIX MHTEPBAJIOB BPEMEHHU;

- HEOTHOPOJHOCTH M3Y4aeMOro SIBJICHUS BO BpEMEHH, H3MEHEHHUS B METOIMKAX YUeTa,

- IpUMEHEHHE PA3TUYHbBIX SIUHHI] U3MEPEHUs U T.1.

[Tpu n3yueHnn BpEMEHHBIX PSJIOB UCTIOIB3YIOT OHATHE MpeHod.

Tpeno- 3T0 TeHACHLUS N3MEHEHUS BBIXOJHOW BEIMYMHBI BO BPEMEHH MO JAEHCTBHEM
BXOJHBIX (DAaKTOpOB, €€ YCpEIHEHHOE COCTOSIHHE 3a OMNpPEICNICHHBIH NMPOMEXKYTOK BpPEMEHH.
W3ydyeHue TpeHAa - BaKHOE HAIpaBJICHWE B HCCIEJOBAHMM HAIEKHOCTH TEXHUYECKHX U
OMOJIOTHYECKHX , COLMATBHO-9KOHOMUYECKUX, IEMOTpahUIeCKUX U HKOJIOTHUECKUX IPOILIECCOB,
OCYIIIECTBIISIEMOE IMyTEeM MPHUMEHEHHs CIIeHHaJbHBIX METOJOB aHalu3a BPEMEHHBIX PSIOB.
[ocrostHHO nAelcTByIONIME (PAKTOPHI MMEIOT ONpEAeNsIonee 3Ha4eHHe U (GOPMHUPYIOT TPEH.
[Tepuoanuecku neicTByromue (akTopbl BBI3BIBAIOT TOBTOpSIOMIMECS KoJeOaHUs ypOBHEH
psnoB. [leiicTBue pa3oBBIX (HAaKTOPOB BBHI3BIBACT CIydailHblE HM3MEHEHHUS YPOBHEH psIoB
JTUHAMUKH.

AHHpOKCI/IMaIlPlﬂ JAHHbIX (l)yHKIlI/lOHaJIbeIMPl 3aBUCHUMOCTAMH

JlBe cnyuaiinple Benu4yMHBI X W Y  CBsI3aHBl (DYHKIIMOHAIBHOW 3aBUCHMOCTBIO, €CIIH
cymecTtByeT Takas uyucioBas Gyuakmus f, aro Y=f (X). Eciu X 1 Y He3aBHCHMEI, TO yCIOBHBIC
3aKOHBI pacHpelnesieHus  ClIydailHOM BeJWYuMHbl Y 1O OTHOIIEHHI0 X HE MEHSeTCs B
3aBUCUMOCTH OT X.

[Ipn craTuCTHYECKON 3aBUCHUMOCTH CIyYalHBIX BEIMYMH H3MEHEHHUE 3HAYECHHS OJIHOMN
BEJIMYMHBI BJIEUET 3a COOOM HW3MEHEHue pacnpeneneHus npyroi. Ilokaszarenem creneHu
CTAaTUCTUYECKON 3aBUCUMOCTH SIBISIETCS KOPPEIALIMOHHOE OTHOLIEHUE

Cyy = [D(Y/X)/ D(Y)] %, (2.16)

rae D(Y/X) - aucnepcuss BBIXOAHOW BENWYWMHBI Y  TIPH H3MEHEHHH PETryIUpyeMoi
nepeMeHHO X U NOCTOSIHHBIX HEperyiaupyeMblx mnepeMeHHbIX, D(Y)- monnHas gucnepcus
BBIXOJHOU BEJIUYUHBI Y.

Koppenaunonnoe orHomenue Haxomures B mpegenax 0 <= Cyy <= 1. s
(YHKIIMOHAIBHOM 3aBUCHMMOCTH HEOOXOAMMO M J0CTaroyHo, uTo Obl Cyy=1. Uem Ommxe
KOPPEJALIMOHHOE OTHOIICHHE K eAUHMIe, TeM OJIM)KEe CTaTUCTHYECKas 3aBHUCHUMOCTh K
(G yHKIIMOHATIBHON 3aBUCUMOCTH U 00paTHO.

[Ipennonoxum, 4To B HEKOTOPOE HAOJIIOIEHUE

y =F(ay, ay, ..., ap, X) (2.17.)

BXOJSAT HEHU3BECTHBIE MapameTpel a;, a, ..., a,. lIpoaesNaH psAx SKCOEPUMEHTOB M
MOJIyY€HO N OMNBITHBIX JAaHHBIX (X; , Vyi) C LENbI0 YCTAaHOBJICHMS 3HAYCHHH MapaMeTpoB.
Bosnukaer Bompoc, Kak BbIOpaTh MapaMeTpbl 3aKOHA TaK, YTOOBI PE3yJbTaThl HKCIIEPUMEHTA
COOTBETCTBOBAJIM €My HAWIY4IIUM 00pa3oM. Kak mpaBuio, pemienue Bompoca o moadope
MapaMeTpOB OCHOBAHO HA METOJI€ HAUMEHBIINX KBAAPATOB, KOTOPBIM B JAHHOM CJIy4a€ COCTOUT
B HaX0XJICHUH MUHMUMYMa BbIpaKEHUS
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n

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

10 BCEM BO3MOKHBIM 3HAYEHUSM aj, a7,...,a,. JlONOIHUTENBHO MOTYT OBITh OCTABICHbI
OTpaHMYEHUS Ha MapaMETPhl, HAIIPUMEP Ha UX BEIMUUHY UM COUYETAHUS.

bonee mpocTeIM MeTOIOM sBISeTCs METOA BbIOpaHHBIX Todek. Ha KoopauHaTHYIO
IUIOCKOCTh X y HAHOCAT OKCHEPUMEHTAJbHBIC MAaHHBIE M TPOBOJAT 4Yepe3 HUX (QYHKLIHUIO
annpokcuManuu. [lamee ompenensoT BUJ 3TOH  (QYHKLIMH, HAapuUMep, B COOTBETCTBHM C
TaOJINLEN JIEMEHTAPHBIX SMIMPUUYECKUX 3aBUCUMOCTeH, Ta01.2.2. [locne Toro kak BeIOpaH BUJ
(GYHKLIUU aNpoKCUMAlMK, OCYIIECTBIAETCS IEpexol] K  ONpEleNIeHHI0 HaWIydlluX ee
napamMeTpoB. B maHHOM MeToze Mo 4YMCIy MapaMeTpoB BHIOpaHHOW (YHKLIHU BBIOMPAIOT h
TOYEK SKCIEPUMEHTAIBHBIX JaHHBIX 110 BO3MOXXHOCTHM PaBHOMEPHO pPAacIOIOKEHHBIE BOKPYT
Hee. [lapameTpsl ay, as,...,a, ONPEIEISIIOT U3 CUCTEMBI anredpanueckux ypaBHeHui (2.1):

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

y>=F(aj, as,...,a,, X2)

ynzF(ala 329 v 7ana Xn)'
Paccesnue PE3YJIbTATOB Ha6J’IIOI[€HI/II71 BOJIM3H YpaBHCHHUA aAlllIPOKCUMAIIMH MOKHO
OIICHUTH C TTOMOIIBIO OCTATOYHON JUCTIEPCUH (IUCIIEPCUU aJICKBATHOCTH):

S*u= SToa= Un - * T (vi- Xay* %), (2.20)
1= )=
rze l- yncino napamMeTpoB ypaBHEHHS.
CreneHp aIeKBaTHOCTH HOqueHHOfI MOZCIIN OICHUBACTCS 110 KPUTCPUTO CDI/II_Hepa
F=S/S%e  (2:21)

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

Kpurepnii F noka3ssiBaer, BO CKOJIBKO pa3 pacCesiHUE y; OTHOCUTEIBHO CPEIHETO 3HAYCHUS
00bIIIE OTHOCUTEJIBHOTO PACCEsIHUS BOKPYT IMOJYYEHHOIO ypaBHEHMs ammpokcuManuu. Yem
Oosblle  3HAUEHME  KpPUTEpUs, TEM I[IOJIY4YEHHOE  YpaBHEHHE JIydllle  OIMCBIBAET
JKCIIEPUMEHTAIIbHBIE JaHHbIE- CTENIEHb aJIcKBaTHOCTH BBILIE.

OneHka 1OCTOBEPHOCTH MOJYYEHHOW MOJENIN OCYLIECTBIISIETCS CPAaBHEHUEM PacuUUTaHHOU
BeJIM4UHBI Kputepus F ¢ ero TabnnuHbiM 3HaueHUEM Fp, ONIpeeIeHHBIM IS 3aJaHHOTO YPOBHS
3HAYMMOCTH 0O, I CTENeHe cBoOObI Vi = n-1 u v, = n-1. Yposens 3Haunmoctu o = 0.88...0.88
ONpeAcisieT BEPOSTHOCTb, € KOTOPOM  MOXHO  CYHMTaTh JIOCTOBEPHOW  IPHHATYIO
aNMPOKCUMHUPYIOIIYIO 3aBUCHMOCTH ITPH UMEIOIIEMCS YMCIIE OIBITOB N M MapaMeTpoB 1.

ITpu F < F, pe3ynbTar anmpoKCUMalMK CUUTACTCSA 3HAYMMBIM M HalJICHHBIC ITapaMETPhI
OPUHUMAIOTCS. B NpOTHBHOM ciyyae pe3yiabTaT HE NPUHUMAETCS, CUMUTAETCS, YTO JaHHOE
ypaBHEHHE He aJIeKBaTHO ONUCBIBAET 3KCIIEPUMEHTANIbHBIE JaHHbIE. B 3TOM ciiydyae He06X0auMo
YBEJIMUUBATh YUCIIO KCIIEPUMEHTOB, CHU)KAaTh YPOBEHb JOCTOBEPHOCTU (€CIM 3TO BO3MOKHO)
WJIM TIOMEHSTH BUJL allIPOKCUMHUPYIOLEr0 YPAaBHEHUS.

Br160p anmpokcHMUPYIOIIEro YpaBHEHUS TOJDKEH MPOU3BOIAUTHCSA C yUETOM (DU3HMUECKUX
3aKOHOB, ONpENEIIOIINX TEYEeHHE Ipolecca, T.€. BCErga CJIENyeT CTPEMHTbCA K
¢ynkunonanbHONH Moxenu. Eciam u3 (U3MUECKOro CMBICIAa NEpEeMEHHbIE CBS3aHBI JIMHEHHON
3aBHCHUMOCTBIO, TO HE CJIEyeT IPOU3BOAUTD alllIPOKCUMALIUIO IIOJITMHOMOM BTOPOM CTENEHH- 3TO
OPUBENET JMIIb K HMCKaXEHHMIO MOJENM, CHIXKEHHIO ee aaekBaTHoctu. Cnexyer uzberarsb
UCIIOIb30BAaHUS IIOJIMHOMOB, 3aBUCHUMOCTEH Oousiplioro mnopsjaka (6onee 4), Tak Kak OHHU
ONHKCBHIBAIOT OoJiee BBICOKME KOJeOaHMs, CBS3aHHbIE C OIIMOKaMHu, apredakTaMH WIA HE
YUUTBIBAEMBIMH LITyMaMU (HEYIPaBIsieMbIMU IIEPEMEHHBIMN).

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

W =exp(agt’ +ar t' +art?+azt’+...), (2.22)
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rzie ao,aj ,... — IMOCTOSHHBIE KO PHUIHECHTHI.

[Tocne norapudmupoBanus BeipaxeHue (2.22) mpuHUMAaeT BUJ

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

[Tocne BbIUMCICHHUS TPOU3BOAHON OT mocienHed (QyHKUMU 3aBUCHUMOCTH (2.22) MOXKET
OBITH Mpe/ICTaBlICHA B BUJIC

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

DKcriepUMEHTabHbIE JTaHHBIC, AaNMpPOKCUMUPYEMbIE ASKCHOHEHIHATBHBIM IOJTUHOMOM,
MOKHO 00pa0oTaTh Ha KOMIBIOTEPE CTAaTUCTHYECKHMM MeToAaMu. B pesynbrare OyayT
paccuuTaHbl KOX(PQHUIMEHTH a; MOJUHOMHUHAJIBHOTO YypaBHEHHA. B mpakTHke O0OBIYHO
OTpaHUYMBAIOTCA 2-0¥ WK 3-eif CTeTeHIMH MOJIMHOMA.

Annomempuueckue 3asucumocmu. Ilpennonoxum, utro P u Q — HekoTopsle CcBONCTBa
opranu3ma (HaOJr0aeMble KOJIMUECTBEHHBIE XapaKTepUCTUKHN): Hanmpumep, P u Q MoryT ObITh
MaccaM¥ pa3IMYHBIX KOHEYHOCTEH )KUBOTHOTO MM P MOKeT 3a/1aBaTh CyXylo Maccy pacTeHus, a
Q — mIomaas MOBEPXHOCTH €ro JHUCTheB. [10CKOIbKY Opranu3M pacTeT U pa3BuBaercs, To U P,
u Q OynyT U3MEHSATHCS C TEUEHUEM BPEMEHH, TO €CTh

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

Cumraercst, yto P w Q amromMeTpuyeckd 3aBUCHMBI, €CIH OHH YAOBJIETBOPSIOT
AIJIOMETPUYECKOMY YPaBHEHHIO

P=a* Q°, (2.26)

r7ic a U b — MOCTOSTHHBIC KOA(DPHUITUEHTHI.

P u Q u3MeHs10TCS BO BpEMEHM TakUM 00pa3oM, YTO COOTHOUIEHHE (2.26) coxpaHseT
CIpaBeIMBOCTh Ha BCEM HMHTEpBaje HaOIIOIEHUS.

DYyHKIUHN POCTa

Hpyrum BugoMm (yHKUIUH, MIMPOKO HCHOIB3YEMBIX B JeMOrpauuecKux, METUIIUHCKUX,
arpOHOMUYECKUX H OHOJIOTUYECKUX HCCICIOBAHUSAK, CBSI3aHHBIX C POCTOM, JHHAMHKOU
pa3BUTHUS pAacTEHUH, >KMBOTHBIX, YeJIOBEKAa U HMX MOMYJSIUHN, SABISIOTCA «@DYHKYuu pocmay,
0003HaYaOIINEe HEKOTOPYIO aHATUTUIECCKYIO0 (DYHKIIUIO 3aBUCUMOCTH BEIHYUHBEI W OT BpeMEHHU
t : W = f(t). Hasznauenue ¢pyHkiuii pocta — CBA3aTh BpEMEHHBIE PSAbI TAaHHBIX, OTHOCSIIUXCS K
pOCTy OpraHm3Ma WJIH €ro 4YacTH, B paMKax eIUHOr0 MAaTeMaTHYeCKOTO BBIPAKCHHUS.
[TpenmouTuTENbHO MOCTPOUTH TaKyl (YHKIMIO, KOTOpas OTJiHyYaiach OBl OIpeneleHHBIM
OMOJIOTUYECKUM,  TEXHOJIOTMYECKUM  WIU  (DU3HYECKHM mpaBaonoooneM |
UHTEPIPETUPYEMOCTHIO MTapaMeTpoB, TO €CTh OTOOpakana Obl Jiexallllie B OCHOBE U3y4aeMOTo
nporecca (GpU3NOIIOTUYECKUE WIH OMOXMMHUYECKHE MEXaHW3Mbl U OTPAHWUYCHUS, T.e. ObUIa OBI
G YHKIIMOHATIBLHOM.

OOBIYHO AMHAMHUKY IIPOIIECCa POCTa OMUCHIBAIOT MU PepeHITMATEHBIM YpaBHEHHEM

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

WIH, €CIM WCKJIIOYHUTH MPOMEXYTOYHBIC TIEpEMEHHBIC, B BHUJC meMnda pocma - TPUpAIICHUs,
HaIpUMep, MacChl UJIU 00beMa B EAMHUILY BpEMEHH

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

rae h- Hekotopas QyHKIuSI.

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 (opMmy, TZle B Ka4ecTBE OIHOIO W3 MapaMeTpoB
SBIISIETCS BpeMsl

dW/dt =u(W,t), (2.28)

I7ie U ecTh HeKoTopas GyHKIus oT W u t.

Jlyis Gojee MOIHOTO OMHUCAHUS TUHAMHUKU TPOIecca UCIOIB3YIOT OTHOCHTEIBHBIA TEMIT
pocta

(1/W)*dW/dt, (2.29)
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MOKA3bIBAKOIINN TEMII POCTAa OTHOCHUTENBHO M3MEHSIOUIENCS BEIUYMHBI W B JaHHBIA MOMEHT
BPEMEHHU.

Jns  anmpokcuManuu  BPEMEHHBIX PSAJOB  pocTa C Ielbio  Oojiee  HarJsIHOTO
MPEACTABJIICHUS ¥ MAaTEMaTHYECKON 00pabOTKH MPUMEHSETCS MOy - JIorapupMUUYecKas mKaa.
B sTom ciyuae xpuBas ClOKHOH (POpMBI MOXKET IpeoOpa3oBaTh CBOM BUA U yTPaTUTh CBOIO
MEepPBOHAYAIIbHYIO crienrPUKy. PaccMOTpUM TPHHITUIIBEI CO3/IaHHS MaTEMaTHYECKUX MOjelel
GyHKUIMA pocTa HA HECKOJIBKUX PUMEPAX.

[lycTh cylecTByeT M30JIMpOBaHHAs CUCTEMA C ABYMS KOMIIOHEHTAMHU - HET HU BXOJIOB, HU
BBIXOJIOB, puc.2.7.

[TepBbIii KOMITOHEHT -CyOcTpaT S SBISETCS MCTOYHHUKOM JUJII BTOPOTO KOMITOHEHTa-
cyxoro BemectBa W (cymka matepuania, poct pactenus) . [Ipeamonaraercsi, 4To B mpolecce
npeoOpa3oBaHKE IMEPBOTO0 KOMIIOHEHTA S B MaTepHall BTOPOro KOMIoHeHTa W TTOTEeph HET.

CydcTpar 5 Cyxoe

Poct pewecTes W

Puc.2.7. 3amKkHyTast IBYXKOMIIOHEHTHAsI MOJEIb POCTA.

Paznuunble mpeanonokeHuss OTHOCHUTEIbHO 3aBUCMMOCTH CKOPOCTH IIpolecca (Temma
pocta) of W u S HpHUBOIAT K PAa3JIMYHBIM MAaTeMAaTUYECKUM MOJENISAM. OTH YPaBHEHHUS
BBIBOJISITCS. HA OCHOBE aHaiu3a Oosiee MPOCTBIX MOAENEH — OOBIYHO IyTEM HHTErPUpPOBAHUS
muddepeHIManTbHOT0 ypaBHeHHs. Takod MOIXoJ o0JerdaeT WHTEPIpETAlHIo MapaMeTpoB
3aBUCHMOCTEH THIIA «CyXasi Macca — BPEMSI».

Ecnu nonmycTuTh, 4TO Ha paccMaTpUBaEMOM OTPE3KE BPEMEHU CUCTEMa MOTEPh HE UMEET-
HE TMOJy4YaeT W3 BHEIIHEH Cpeabl M HE TEpseT HUKAKOTO MaTepuala, TO CIpPaBeIMBBI
cnenyomue auddepeHnnanbHble ypaBHEHUS

dW/dt = - dS/dt;

dW/dt + dS/dt = d(W+S) =0, (2.30)
TaK 4TO
W +S=const=Wg+Sy=W;+S;=C, (2.31)
rie Wo u Sp- HCXOAHbIE 3HAUYE€HUs cyxoro BeniectBa W u cyOcTpata S B MOMEHT

BpemeHu t = 0;
Wi u Sy — 3HaYEHHUS K KOTOPBIM MPHUOIMKAIOTCS ITH MapameTpsl HMpu t —>oo0, B
JOTYILIEHNUH, YTO CHCTEMa CO BPEMEHEM MPUXOTUT B YCTOUYHUBOE COCTOSHUE;

C- mocTosiHHasg BENMYMHA — 3TO COCTOSIHUE KOTOPOE MPHOOpETaeT cucremMa uepes
OTIpe/ieNIeHHBI MPOMEXYTOK BPEMEHU- KOJMYECTBO CyOCTpaTra S CTaHOBUTCS PaBHBIM HYIIO U
BECh OH IIpeoOpa3yeTcs B Cyxoe BeuecTBo W.

[TepBoe u3 ypaBHeHu# (2.60) moKa3bIBacT, 4TO TEMI pocTa cyxoro BemiectBa dW/dt
paBeH OTPHUIIATEIBHOMY TeMITy pocTa cyoctpara - dS/dt, a Bropoe - 00muii TeMi pocTa CUCTEMBI
paBHa HyJII0. B uTOre mocie A10CTaTOYHOrO0 MPOMEXKYTKA BPEMEHU Bech CyOCTpaT mepenieT B
CyXOe€ BEIIECTBO, & UX CyMMapHOE KOJMYECTBO HE U3MEHHUTCS U OCTAHETCSI TEPBOHAYAIHHBIM.

Temn pocTa MOXKHO MPECTaBUTH B BUJIE HEKOTOPOH (YHKIIMH V, 3aBUCALIECH OT TEKYIIHX
3HaueHUM cyOcTpaTa M CyXOro BEIIEeCTBa, TAKOH, YTO

dW/dt =v (W,S). (2.32)

U3 ypaBuenus (2.31) cunenyer, uro S = C- W, Torna ypaBaenue (2.32) MOXKHO 3anucarh B
BUJIE

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

rae h — pynknus ogHol nepemeHHON W.
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Takum 00pa3oM MaTeMaTH4YEeCKOM MOJIEIbI0 CHUCTEMbI, H300pakeHHOM Ha puc.2.7.
SBIISIETCS. MOJEIb C OJTHOM mepeMeHHoil. OcTaeTcsa peunTh Kakylo (YHKIUIO V HCIONb30BaTh B
ypaBHeHHH (2.63). BpiBoabl mo Buny (yHKIMH v OyIyT 3aBHCETh OT XapakTepa Ipoliecca,
IPOUCXOSIIETO B CUCTEME.

IIpocmoii sxcnonenyuanvhvit pocm. J{nst cucteMpl Ha pUCyHKe 2.7. IpUMEM HEKOTOpPbIE
JOTyIIeHUs (OTpaHUYEHUS, YCIOBHUSA):

- TEMII pOCTa IPOMOPLUOHAIBHO KOJIUYECTBY CYyXOU Macchl W

- MEXaHU3M pOCTa «paboTaeT» C MAaKCUMAIbHBIM TEMIIOM Ha MPOTSKEHUH BCETO BPEMEHH,
[IOKA CYIIECTBYET MUTATEIbHAS CpEna;

- Ipouecc  pocra HeoOpaTum U IpeKpamaercs, Kak TOJbKO MCTOIIAETCs
nuTaTelbHasl cpefa.

VYpaBuenune (2.33) npuoOperaet BUA

dW/dt = p*W, (2.34)

I7i€ W- MapaMeTp OTHOCUTENBHOIO TEMIA pOCTa.

[Tapamerp p 3aBUCHT, BO-IIEPBBIX, OT BHMJA CyXOHM Maccsl W , COOTBETCTBYIOLIEH B
3alaHHON IPOIOPIUHN PeCypcy NMUTATENbHOM Cpeibl, U, BO-BTOPBIX, OT MPOU3BOAUTEIBHOCTU
WM CKOPOCTU C KOTOPOM OCYIIECTBIsieTCs Impoiiecc pocta. MaTerpupoBanue ypaBHeHus (2.64)
JIaeT U3MEHEHHNE MacChl BO BPEMEHU t:

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

Korma W = W¢, a S =0, o u3 ypaBuenus (2.31) cnenyer

Wi = Wy +Sp (2.36)

Y POCT BHE3AITHO MIPEKPALLAETCSI, KOI/Ia HCYE3HET PECypC MUTATEIBHON Cpelbl S

tr = {In[Wo + So /Wo]}/ . (2.37)

IIpocroii s3kcnoHeHIManbHbIE poct W = Wo*e"™ |, 6Ge3 OTPaHUYECHUN PECypCcoOM
NUTATeNbHOM cpebl S, mpuBeaeH Ha puc.2.8.- 3aBUcUMOCTE WP=(t).

Ypasnuenue pocma Puuapoca. PaccMOTpeHHasl BBILLIE MOJIETIb HKCIOHEHIIMAIBHOIO POCTa
ABN€TCS HauOoliee TPOCTONM B CMBICIE MaTeMaTHYeCKOro OMHcaHus Tmporecca. B
JeHCTBUTENIFHOCTH TPOMCXOIAT TIPOLIECCH], ONUCHIBAEMbIe 00Jee CIOXKHBIMU (YHKIUS-MH.
OnHoit u3 Takux GyHKIMHA siBisieTcs: GyHKuus Pudapnca, puc.2.8.

dW/dt = k*W*(W¢" - W)/ n*W" (2.38)

WJIU TI0CJI€ UHTErPUPOBAHUS

W =[WoWe] /[ Wo + (We"- Wo™)* ™7™ (2.39)

rae k, n, Wy - moctosunble BenuduuHbl; k, Wy - OJOKUTENbHBI, a n >= -1.

[Ipu n < -1 ypaBHeHue TepseT PU3MUECKUI CMBICHT, AEMOHCTPUPYS Ipu W — 0

O6eckoHeuyHbIl pocT. [Ipu onpeneneHHBIX 3HAUEHUAX JOMOJHUTEIBHOTO IMapaMeTpa n OHO
oOpaiaeTcss B OJHO W3 Hauboyiee M3BECTHBIX YypaBHEHHMH pocta, puc.2.8: WM(t)- MoHO-
MostekyisipHoe (n = -1), WL(t)- moructudeckoe (n = 1) m WG(t)- l'omneptna (n = 0).

Monomonexkynapnoe ypasHnenue. DTO ypaBHEHHE OIMCBIBAET, HAIPUMEp, XOJ IMPOCTOMH
HEeoOpaTUMOM XUMHUYECKOM peakuu MepBoro nopsaka, puc.2.8..

[IpuHATHIE HOMYIICHUS:

- KOJIMYECTBO YHEPTUU POCTA HEU3MEHHO U HE 3aBUCUT OT KOJIMUECTBA CyXol Macchl Wi

- MEXaHU3M poCTa paboTaeT» CO CKOPOCTHIO, MPONOPLUOHAIBLHON pecypcy MUTATEIbHON
cpens S;

- pocT HEOOpaTUM.

B nannom cirygae BMecto ypaBHeHwui (2.38, 2.39) numeem

dW/dt =k *(Wr - W), (2.40)

WJIU TI0CJI€ UHTErPUPOBAHUS

W =W; - Wo*e ¥ (2.41)
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1.51.41.51.61.71.8 2 212223242526 2.52.9 3 3.13.23.3 3.553.63.73.85.9 4 4.1 4.34.44.54.64.74.8 st

o — T T T T T
0 0.10.20.3 0.50.60.70.80.9 1 1.1

Puc.2.8. ®ynkuun pocra:
1- WP- skcrionennmansHas; 2. WM- moHomonekymsipHoe (n = -1); 3. WL-
noructuueckoe (n = 1); 4. G- T'omneprua (n = 0); 5. Q- amromerpuueckas 1; 6. P-
anygoMeTpuieckas 2.

Temm pocta HenpepbIBHO NalaeT, KpUBasi HE UMEET TOUKH Ieperuoa.

VYpasnenue nocucmuueckoeo pocma. Ilpu BbIBOJE ypaBHEHHS JIOTUCTHYECKOTO pOCTa
JienaeTcs ABOSKOE JIOMYIIEHHUE:

- BHEprus pocTa MpoNopUUOHAIbHA CyXou Macce W

- MEXaHU3M pocTa «paboTaeT» co CKOPOCThIO, MPONOPLUOHANBHON pecypcy MUuTaTeaIbHON
cpensl S;

- IIPOLIECC POCTa HEOOPaTUM.

VYpaBHEHME JTOTUCTUYECKOTO POCTa UMEET BUJ, pUC.2.8.

dW/dt = kK*W*S, (2.42)

WY TIOCJIe UHTETPUPOBAHHUS
W = [WoWe]/[ Wo + (Ws - Wo)* e, (2.43)
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AHanu3 11000T0 U3 ABYX MOCIETHUX BBIPAXKEHHH MOKa3biBaeT, yTo nmpu Wy << Wy mnsa
MaJlblX 3HaueHMi t (mojacraHoBka Wy = 0 B 3HaMeHaTellb) CHpPaBEAJIMBO HPUOIMKEHHOE
pPaBEHCTBO

W= Wy * e*™. (2.44)

@ynxyus pocma 'omnepmya. YpaBHeHue ['oMrepria BbIBOAST, HCXOIA U3 CIIEIYIOLINX
JONyIIeHuM, puc.2.8.:

- pecypc IUTATENbHON cpelbl HE OrpaHMuYEH, TaK 4YTO C ATOH CTOPOHBI PHEPIHS POCTa
BJIMSIHUS HE UCIIBITHIBAET;

- DOHEeprust pocra NPONOpLUOHATbHA Ccyxod Macce W, mpuueM KO3 UIHEHT
IPOMOPLHUOHAIBHOCTH €CTh BEJIMUYMHA MOCTOSTHHAA: 3((EKTUBHOCTh 3HEPTHUH pOCTa MaJaeT co
BpeMEHEM, IpPUYEM CNajJ ATOT MPEJICTaBIsieT cOoOONH JOUHAMHKY IE€pBOrO IOpsaKa U
COOTBETCTBEHHO HOCHT JKCIOHECHLHMAJIbHBIA XapakTep. lIpuumHOM cnama MOMKET CIIyKHThb
nerpaganus (B 4aCTHOCTH, paclieruieHne (epMeHTOB), cTapeHue MO0 pa3BUTHE U YCIOKHEHHUE
opranuzMa. K ypaBHenuio I'ommepTia NHpHUBOAAT pa3ivuHble KOMOMHALMU JOMYILEHUI.
dopmanuzanys NepeuucIeHHbIX BBILIE YCIOBUN IPUBOJUT K BBIPAXKEHUIO

dW/dt=p * W, (2.45)
I7le mapaMerTp [L , TO €CTh YAEIbHBIM TEMI pOCTa, YXKE HE SABJISETCS NOCTOSHHON BEIIMYMHOH, a
MU3MEHSAETCS 10 3aKOHY

dp=-D *u, (2.46)

rae D — nonosHuTENbHBIN TapaMeTp, XapaKTEPU3YyIOIUNA YMEHBIICHHUE [ .

[Iyrem npeoOGpa3oBaHMii MOKHO IOJYyYUTh ypaBHEHHE ['ommepTia B €ro KJIacCHYeCKOM
dbopme

dW/dt=po * W [1 =D/ po]* In[f W/Wq], (2.47)

rae uHaeke 0 OTHOCUTCS K BEIMYMHAM B MOMEHT BpeMeHH t = (.

2.3.3 Pe3yabTaThl U BHIBO/IbI:

N3yunTh MaTeMaTuuecKue MOJICTH HaJC)KHOCTH CUCTEM O0CITY)KMBAHUS CEITLCKOTO
X039HUCTBa
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