1. METOAONIOMMYECKWE OCHOBbI
HAYYHOIO UCCNEAOBAHUA

CioBo memooonoeus 00pa30oBaHO U3 IBYX TPEUECKHUX CJIOB: metho-
dos — Ty Th UcCIIeIOBaHuUs, MO3HAHUA U [0gos — TIOHATHE, yueHue. Takum
0o0pa3oM, OJHUM W3 BAPHUAHTOB TOJIKOBAaHUS CIIOBA «METOIOJIOTHSI) MO-
KET OBITh «yYEeHHUE O TMYTH HCCIIeTOBAHUI.

B mmpokom cMmBbIcTe clioBa Memo0o102usi — 3T0 COBOKYITHOCTh HaH-
0osee 0OUTMX MHUPOBO33PEHUECKUX ITOJIOKEHUH ¥ MPUHIIUIIOB, 00YCIOB-
JTUBAIOMIAX JIMYHOCTHYIO TIO3WIIMIO0 KCCIIENOBATENs, a TaKKe HaydHOe
000CHOBaHHME METO/OB IMO3HAHMS HCCIENyeMBIX SIBIEHHH M IPOIECCOB
00BEKTHBHOW NEWCTBUTEIHHOCTH. [Iporie roBops, memodonocus — 3TO
CUCTeMa MPUHIIUIIOB, METOOB, MIPABIII OPTaHU3AIMH 1 TIPOBEICHHUS TEO-
PETHKO-3KCIIEPUMEHTAIBHON NEATENIbHOCTH 0 BBIOPAaHHOMY HAyYHOMY
HaIpaBJICHUIO, HAIIPUMEP, B 00IaCTH MAITHHOCTPOCHHUS.

N3BeCcTHBI HECKOIBKO YposHell Memoooa02uu — THOCEOTOTHIECKUH,
MHPOBO33PEHUCCKUH, HAYIHO-COAEPKATEIHHBIN, JJOTUKO-THOCEOIOTHIEC-
Kui, Merogonorndeckuil. Ilocnennuii onpeaensieT 3HaHUSA O Pa3IMUHbBIX
METOAaX, OMHPAsSCh Ha KOTOPHIE MOXXKHO OCYIIECTBUTH 00pabOTKy pe-
3yJIbTaTOB TEOPETUKO-IKCIIEPUMEHTAIBHOM e TEIbHOCTH.

JIto6oe HayyHOE MCClIeI0BaHNE COCTOUT B TOM, YTOOBI OOHAPYKHTH,
chopMyTHpOBaTh W PEIINTh HEKOTOPBIA KOMIUIEKC B3aMMOCBSI3aHHBIX
TEOPETHUCCKUX WJIM MPAKTUYCCKUX 3a/1a4, KOTOPBIH COCTABIIAET HAYUHYIO
npobuemy.

[Mpobiema 0OBIYHO BO3HMKAET KaK CIEACTBHE 000OCTpeHUs] 0OBeK-
TUBHBIX NMPOTHUBOPEUUI MEXJY NOCTUTHYTHIM OOBEMOM U YPOBHEM Ha-
YYHBIX 3HAHUU H HGOGXOZ[I/IMOCTI)IO peUICHUA HOBBIX HAYYHO-HCCJIC-
AOBATCIIbCKUX WJIN MPAKTUYCCKUX ITPOU3BOJACTBCHHBIX 3a1a4.

,Z[HSI peuicHus HpO6J'ICMI)I MpSANPUHUMAIOTCA CIICHHUAJIbHBIC HAYYHBIC
uccneaosanus. [1o Hay4YHBIM UCCIIEIOBAHUEM B ILIMPOKOM CMBICIIE CIEAY-
€T TIOHMMAaTh KOMILJICKC TEOPETHYCCKUX TOCTPOCHUM M 3KCIIEPUMEHTAIb-
HBIX OTI€paIlfii, BHITIOIHIEMBIX B OTHOIIIEHUH O0BEKTa (Mpoliecca) uccie-
JOBaHWI JIJISI OTIPEJICIICHUsI €T0 CBOHCTB M 3aKOHOMEPHOCTEH MOBEICHHUS
C LIEJTBI0 UX TIO3HABATEIBHOTO WIIA MPAKTHYECKOTO MPUMEHEHHS.



Crioco0sI McceoBaHus, a TaKXKe CIOCOOBI MOAX0a K U3y9aeMbIM
SIBIICHUSIM, TUTAHOMEPHBIH MyTh HAYYHOTO MMO3HAHUS U YCTAHOBJICHUS HC-
THHBI Ha3bIBAIOT Memoodamu. Paznmugaior credyrowue memoovl ucciedo-
6anuli: BCEOOIMI MeTol, O0IIeHayYHbIe METOIbI U KOHKPETHO-HAyYHBIE
(J4acTHBIE) METOIBI.

Bceobwuii memod — 310 METOJ TIO3HAHMSI MUPA U KOHKPETHBIX 00b-
€KTOB BOOOIIE BHE 3aBUCHMOCTH OT MX (QH3MYECKOH mpHupoabl. Takum
€IMHCTBEHHO MPaBHJIBHBIM U TOCJIEJOBATENLHO HAyYHBIM METOAOM SIB-
TSIETCS OUANEKIMUYECKUL MEMOO.

1.1. OcHoBHBIE ITANBI PA3BUTHS HAYKH

HcTokn HayKM yXOAAT CBOMMHU KOPHSAMH B MPaKTUKY PaHHHX YeNo-
BEYECKUX OOILECTB, B KOTOPOIl Hepa3AeIbHO COCAMHSIINCEH TO3HABATEIb-
HBIE W TPOU3BOJICTBEHHBIE MOMEHTHL. [lepBOHaYaNbHBIE 3HAHUS HOCHIIN
MPAKTHYECKUH XapakTep, HCIONHSAS POIb METOAHYECKUX PYKOBOJCTB
KOHKPETHBIMH BHJIAMH YEJIOBEYECKOH JEATEITHbHOCTH.

B crpanax [lpesnero Bocroka (Eeunem, Mnous, Kumaii) 6pu10 Ha-
KOIUIEHO 3HAYUTEIhHOE KOJMYECTBO TAKOTO POJa 3HAHHMA, KOTOpPHIE CO-
CTaBISTM BaXXHYIO MPEANOCHUIKY aiisi Oymymielt Haykd. B ator mepuon
TIOSIBIISIIOTCSL TIEPBBIE MPU3HAKA WHCTUTYIMATN3AINHA HAyKH — TIpoIiecca,
CBSI3aHHOTO C OpraHH3aIlfel UCcCIeT0BaHUi U BOCIIPON3BOICTBA CYOBEK-
Ta HAYYHOW NEATENEHOCTU. DTOT MPOIIECC COMPOBOKAAETCS BOZHUKHOBE-
HUEM ¥ KOHCONMJAIHMEW YYEHBIX COOOIECTB, HAyIHO-HUCCIEI0-
BaTENbCKUX U CIIENUANBHBIX yUeOHbBIX 3aBeneHuil. Yxe B J[pesHem Erum-
T€ CyIIECTBOBAJIO CBO€OOpa3HOE BBICIIEE HAYYHOE YUPEKACHUE — «IOM
KH3HM, TJIe HAKAIUIMBAIUCHh Hanboliee [EHHbIC JOCTHKCHUS POU3BOI-
CTBa W MHTEIUIEKTYallbHOTO TPYAa.

Crnemmdukoit rpedeckoi dhunocodrn, 0cCOOCHHO B HaYaIHHBIA IIe-
pHOA ee pa3BUTHS, SIBISETCS CTPEMIICHHE TIOHATH CYNIHOCTH TPUPOJIBL,
KocMoca, Mupa B 1iesioM. [lepBrie rpeueckue punocodsr — Danec, AHAK-
CUMaH/p, AHAKCUMEH, HECKOJbKO Mo3iHee — mnudaropeiinsl, [epakiur,
OMMEeNoKN W APYrHe — Pa3MBIIUIIOT O MPOUCXOXKACHHUH MHpa, €ro
CTPOEHUH, TBITAIOTCS MOCTUTHYThH €ro Havana u npuuuHbl. He cirydaitno
UX TaKk M Ha3bIBAH — «(PU3UKAMH», OT IPEUYECKOro CIoBa «(PIOCHC» —



npupona. HampaBrmeHHOCTh MHTEpeca paHHUX TPEUYECKHX MEBICIHTEICH
OTIpeIeIsIach B TIEPBYIO OUEPENb XapaKTEPOM JIpeBHETpedecKoil Mudo-
JIOTUH, TPAAMIMOHHBIX SI3BIYECKHUX BEPOBAHMU M KyJbTOB. ['peueckas
Mu(poIIOTHs ObliIa PEMTUeH MPUPOABI, ¥ OJHUM M3 Ba)KHEHIIMX BOIPO-
COB B HEHl OBUT BONPOC O MPOUCXOXKACHUH MHUpa. CyIIECTBEHHOE pa3iiu-
yre MexXay MUQosorueit u gunocopuei cocTosno, 0JHAKO, B TOM, YTO
MHU( MOBECTBOBAJ, KTO POJIUI BCE CyIiee, a (GUIocod Crparimpai, U3 de-
ro oHo mpowusonuio. ['omep B «Miuane» pacckasbiBaeT 0 poKIeHUU 00-
roB oT Okeana u Teduubl, B Ipyrux BapuaHtax Mug)a y UCTOKOB BCErO
cymero crtoar llapuma Houb, Matb 3emis, moazemuas peka CTHKC.
B «Teoronun» I'ecuona unraem, 4yTo paHblle BCETO BO3HUK Xaoc, 3aTeEM
3emisi, TapTap (moa3eMHOE IAPCTBO) U Dpoc — JIFOOOBHOE BiicueHue. Xa-
oc mopoaun Houb u Mpak, oT ux Jr0OOBHOTO COr03a BO3HUKIM JleHb
u Dodup.

Pannne rpedeckuwe ¢unocodbl HMIIyT HEKOE MEPBOHAYAIO, (IOCHLC,
13 KOTOPOro Bce mpousonwio: y daneca 370 — BoJa, y AHAKCUMEHA — BO3-
nyX, y ['epaknmura — oronb, y AHaKCMMaHIpa — «OecTpeenbHOS», KOTOPOE,
CYZs TI0 BCEMY, MBICITMIIOCh U KaK «CTUXHs», H KaK HEKOTOPOE TIEPBOBEIIIE-
cTBO. DPHIOCOPCKOE MEBIIUICHAE 10 BO3MOKHOCTH HINET PalMOHATIBHBIC
(WM mpeCTaBISIOIIMECS TAKOBBIMU) OOBSICHEHHS TPOUCXOKACHUS MUPA H
€ro CyIIHOCTH, OTKa3bIBasACh (XOTS B Hayajle HM HE IMOJIHOCTHIO)
OT XapaKTepHBIX Uil MU(OIOrHU TepcOHU(UKALNI, a TEM CaMBIM OT 00-
paza «mopokaeHus». Ha MecTo «OpoKAeHHs» CTaHOBUTCS «IPHYMHAY,
KOTOpas MOCTEIICHHO KO BpeMeHH APHUCTOTENS PacHICIUIIeTCS Ha YeThIpe
pasHbIX Buaa npuunH. Y I'ecuoga rosopurcs mpocro: Xaoc poxus Mpak,
3emis 1 HeGo pomwmm O0OroB M T.I. APHCTOTEIb JK€ PacHICIUISeT 3TOT aKT,
BBOJIS YETHIPE MPHYHHBI JTFO00H Bemy: 1) KTo poann? — AeHCTBYOmas Mpu-
guHa (0Telr); 2) 3a4eM poIuT? — IeNieBas MPUIrHa; 3) U3 4ero PoawiI? — Ma-
TepuaJbHas MpuYrHa (Marhb); 4) 1Mo o6pasiy dero poxwn? — dhopMmanbHas
prirHa (OTIOBCKUH POJI, TEHETUYECKHUI KOJT OTIIA).

OpHaKo palroHAIN3aNrs BCTyaeT B CBOM IIPaBa IMOCTEIIEHHO: Tep-
BOHAYaIbHO MPHUPOJIa TOHIMAETCS KaK HAYaJo )KMBOE W TBOPAIIEE; CaMO
CIIOBO «(FOCHC» MPOUCXOANT OT TJIAroja «juwy, 9TO 3HAYUAT «POXKIATH,
«B3pamuBaTh». Eme y ®aneca Bce moIHO OOTOB, IEMOHOB U TYII; MUD —



’KHBOE 1IeJI0e, U JYIIH B HEM — HE YTO-TO BHEIHEE, & €r0 OpraHuYecKue
nopoxeHus. TyT ONsITb-TaKH BUIHBI CIIEIBI A3bIUECKON MudoIIOTHn ¢ ee
OecUHCIICHHBIMU JyXaMU TOp U IOJIeH, JIECOB, pEK U MOPEH, HCTOYHUKOB
U Py4YbeB, KOTOPBIE, C OJHOW CTOPOHBI, OTOMKICCTBISUINCH C CHIAMH MPHU-
pOIbI, a ¢ APyroi — MepCOHUPHUIUPOBAIUCH U TPEACTABISIINCH B BUJIC
pycalloK, JIeIuX, AEMOHOB, OOOPOTHEH U T.H., CTOSIIMX Haa TMPHUPOAOU
U ynpasmsomux eo. CaMo «mepBoHadalio» — BOAA, BO3AYX, OTOHb —
NPEACTaBISIIO COOOH HE MPOCTO BEIIECTBO, KaK €ro MOHMMaeT COBpe-
MeHHas (U3MKa WM XUMHS, a HEYTO Takoe, U3 Yero BO3HUKAET JKUBas
NpUpPO/ia U BCE HACEISIONINE ee OAylIeBIeHHbIe cymecTBa. [loaToMy BoO-
Jla ¥ OTOHB 3/IeCh — 3TO CBOETO pojJia MeTa(opbl, OHU UMEIOT U MPIMOE,
Y TMIEPEHOCHOe, CUMBOJIMYECKOE 3HaueHwe. Tak, Hampumep, IJisi rpede-
CKUX HaTypuiaocodoB XapakTepeH BOIPOC: YeM Mbl MBICIIHM — KPOBBIO,
BO3/yXOM MU orHeM? Pazymeercsi, TOBOPSI O TOM, YTO MBI MBICIHM, JO-
MYCTHM, OTHEM, HaTtyppuiocod XOTeN MoKa3aTh, YTO M3 BCEX NPHUPOI-
HBIX CTUXHUI OTOHb — camasi JIeTKasl ¥ MOJABUKHAS, «KUBas», U B 3TOM €r0
CXOJICTBO C MBIIIUICHHEM: BeAb Halla MbICIb HE 3HAeT MPOCTPaHCTBEH-
HBIX TPaHUI] U B OTHO MTHOBEHHE MOXET JOCTHTaTh CAMBIX OTAAJICHHBIX
npeameroB. Ho Beap 310 — MeTadopa, aHANOTHsI, a HE JIOTHYECKOE MOHS-
THe. A Bcskas meradopa (UKCHPYET TOJNBKO OIHY CTOPOHY SIBICHHS,
Y MOTOMY J11000€ SIBJIEHHE MOXKHO ONHCATh C MOMOIIbIO OECUNCIEHHOTO
MHOXecTBa MeTadop, MOCKOIbKY OHO MMEET OSCUMUCICHHOE MHOKECTBO
ctopoH. Jlanee, MetadopudecKoe MBIIUIEHHE HE MOXKET OBITh ITOKa3bl-
BatomuM. Hatypdunocod MoxkeT ckopee mokaszarh, 4eM AoKa3aTb. Tak,
korga Danec TOBOPHUII, YTO BCE U3 BOJBI, OH MOT B KaueCTBE apryMeHTa
TN yKa3aTh HAa HBBIE CYIIECTBA, KOTOPhIE HE MOTYT CYyIECTBOBATh
0e3 Biarmy.

VYike y IepBbIX «(PHU3UKOBY PHIOCO(US MBICIHTCS KaK HAyKa O PHYH-
Hax ¥ Hayallax Bcero cymiero. M XoTs B KauecTBe Havana Ka)Iblil U3 HUX
npeyiaraeT CBoe, OJJHAKO caMO TPeOOBaHHE BOCXOIUT K HAYAllaM M M3 HUX
OOBACHSET YCTPOWCTBO KOCMOCA, YENIOBEKa, MO3HAHUS — 3TO TpeOOoBaHHE
B OCHOBHOM COXPAHSIETCS y OOJIBIINHCTBA IPEUECKUX MBICITUTEICH.

[IpakTU4eckn MONe3HbIe 3HAHKS O YACIICHHBIX OTHOIICHUAX U CBOM-
CTBaxX Pa3iIMYHBIX T€OMETPHUYCCKUX (PUTYP HAKAIUIMBAIUCH CTOJCTHSIMHU.



OpnHaKo TOMBKO APEBHUE TPEKH MPEBPATIIIN UX B CHCTEMY HAyYHBIX 3Ha-
HUH, TPUAATN BBICOKYIO IIEHHOCTh OOOCHOBAaHHBIM W JIOKa3aTEIbHBIM
3HAHUAM, OE30THOCHTEIHHO K BO3MOXKHOCTH WX HEIOCPEICTBEHHOTO
MIPaKTHYECKOTO MCIIOJIb30BaHUS.

B V-VI BB. 10 H.3. B [peBHeil ['penun MHCTUTYyUMaAIU3aIus mpo-
SIBUJIACh B JICATEIBHOCTH CO(MUCTOB («yuuTenei mynpoctu»). O0ycios-
JIEHHbIE HAaNpsKEHHON NoJIuTHYecKoW OOphOON MOCTOSHHBIE Ae0aThl
B HAPOJHOM COOpaHHMU U Cyle MOPOXKIAIM MHTEpec K BOMpocaM IpaBa,
rocyJapcTBa, MOPaJH, MO3HAHUS M MOTPEOHOCTh B OBJIAJCHUU HCKYCCT-
BOM KpacHopeuus (PUTOPUKOI) U cropa (3pUCTHKOi). DTa NOTPeOHOCTH
yIOBIETBOPSIAch COQUCTaMU, Pa3be3KaBIIUMH U3 TOPOJa B TOPOJ U 32
JEHbI'H — MHOTJa O4eHb O0JbIIne — 00yUaBIIMMH BCEX JKENAIONINX OBJIa-
neTh uckycctBoM. CoducThl MPOBO3TIACHIN Heal BceoOuero oopaszo-
BaHUsI, KOTOPOE OXBaTHIBAIO HE TOJBKO PUTOPUKY, HO U MPaBO, (PHUIOCO-
¢uro, UCTOpHIO, ecTeCTBeHHbIE HayKH. [103ke BO3HUKIIM BeCbMa aBTOpPU-
TETHbIE Hay4yHO-Quiaocodckue W y4yeOHBbIE 3aBefACHUS — AKaJeMus
[Inarona, JIuneit Apucrorens.

Jpesneepeueckasn nayka ([Jemoxpum, 460-370 2. 00 H. 3.; Apucmo-
menv 384-322 ee. 0o H. ) Aana NepBbIE ONMMCAHNS 3aKOHOMEPHOCTEH TpH-
POabI, 00ILECTBA M MBILIIEHHUS. B TIPakTUKy MBICIUTEIBHON AESTENbHOCTH
OblTa BBeAEHA cHcTeMa aOCTPaKTHBIX MOHATHM, MOSIBUIACH TPAAULHA MO-
HCKa OOBEKTUBHBIX 3aKOHOB MUPO3JAHMS U AP. DTOT MEPHOI O3HAMEHO-
BaJICSl CO3JAaHUEM IIEPBBIX TEOPETUUECKHX CHCTEM B O0JAcTH T'€OMETPHU
(Esxnuo, Il 6. 00 H. 3.), MmexaHuku (Apxumed, 287-212 e2. 00 H. 3.) 1 ac-
TpoHOMUH (/Tmonemet, Il 6. 0o H. 3.).

OO6pa3oBaHue KPYITHBIX AIUIMHUCTHYECKHX MoHapxwuid B Il B. mo H.5.
CYIIECTBEHHO M3MEHWIIO yCJIOBUS Pa3BUTHA HayKd. 3HAYWTENbHAs 4acTh
(hmrocodoB M YUEHBIX JKWIIA TETIEPh TIPU ABOPAX AIUITMHACTHYECKHUX TIPABH-
TeNel Ha UX COJepKaHUM HITH TOJIE30BaJIach UX MUJIOCTSMU. B AnexcaH-
pHUH TIpH TIOJIEPKKE TpaBUTENhCTBA lITONEMeeB, CTpeMsIIUXCs K TIpuia-
HUIO eme Oorblero Ojecka CBoed CTonwile, Oblila OCHOBaHA 3HAMEHHUTAS
OoubaroTeka (B HEH OBLIO COOpaHO OKOJIO MOJYMHJUTHOHA PYKOITHUCEH) U
Myceiion (rped. Museion — xpam my3). [locnenanii npencrapmsn coboit
COBOKYITHOCTh HAay4YHBIX W y4eOHBIX 3aBEJCHHUN, NMEIT aCTPOHOMHYECKYIO



1abopaToOpPHIO, 300JIOTUIECKHA W OOTAHWYSCKUH Caabl, aHATOMHYECKUN
TeaTrp W ApyTUe CIYXKObI I MPOBENEHHS SKCIEPUMEHTAIBHBIX HCCIIEH0-
Baumit. Cotpymaukn MyceiioHa paboTanu Ha podeccrHoHaTbHON OCHOBE,
MOJTyYajl OT TOCyJapcTBa COAepKaHWEe W HE IUIATWIA Toaarei. 31ech
TBOpwM EBKumn, DpacTtocdhen u MHOTHE IpyTHE.

XpuCTHaHCKas 1IEpPKOBb KAaHOHM3UPOBaIa HAKOIUJICHHbIE YelloBeye-
CTBOM 3HaHHS, YCTaHOBMJIA MPUOOPETIINI CHITy TOCYIapCTBEHHOTO 3a-
KOHa 3alpeT Ha CBOOOJHOE HAYyYHOE TBOPUECTBO, KOTOPOE CIIY>KUIJIO HC-
TOYHHKOM Tporpecca aHTHYHOro obmecta. B 529 r. npu Bu3aHTHiCKOM
nmneparope FOcTuHHaHe Kak OIJIOT A3bIYecTBa ObLIa 3aKpbITa BhIpOCIIAs
U3 MJIATOHOBCKON AKaJeMHMH M MPOCYIIECTBOBABIIAS MOYTH THICAUY JIET
AduHCcKas mIKOJa — LEHTP aHTUYHOW HayKu TOTO BpemeHH. Bmecte ¢
HEOIUIATOHOBCKUMH aKaJeMUKaMH-(pHIIocopaMu, U3THAHHBIMH U3 OTeYe-
CTBEHHOTO Xpama Hayku B Ilepcutio, Ha BocTok mepemeraercss 1 MUpO-
BOM LIEHTP Hay4YHOU aKTUBHOCTH.

B onoxy Cpeonegexogvs OTpOMHBIN BKJIa B pa3BUTHE HAYKH BHECIIN
yueHsle Apadckoro Bocroka u Cpeaneit Asuu (161 Cuna, 970-1037 rr.;
bupynu, 973-1048 rr. U 1p.), CyMeBIIME COXPAaHUTh U Pa3BUThH JPEBHE-
rpevyecKkue TpaauluH, o0oraTuB HayKy B psizie oOyiacTel 3HAHWS: MEIH-
uuHe, ¢unocodun, MaTeMaTHKE, aCTPOHOMUH, (PU3KKe, Te0JOrUHU, HUCTO-
puH U ap.

A. Koiipe HamoMuHan o BakHeWIIeH poiu apabCKOro MuUpa B TOM,
4T0 OecLeHHOe Hacienue aHTHYHOTO MUpa ObLIO YCBOGHO W INEpelaHo
nanee 3amagHod EBpome: «...MiMeHHO apaObl SBHJIMCH yYUTEISIMU Ja-
tuHCKoro 3anana. [lepBole mepeBoabl rpeyeckux GUIOCOPCKUX HAYIHBIX
TPYZAOB HA JTATUHCKHUH A3bIK OBUIM OCYIIECTBIEHBI HE HEIIOCPEACTBEHHO C
IpevecKoro, a ¢ apadCKUX BEPCHUil, 3TO MPOU3O0LUIO HE TOJIBKO IOTOMY,
yTo Ha 3amaze He ObUIO OONbLIEC YK€ — WM €Ile — JIIOJEH, 3HAIOIIUX
JIPEBHETPEYECKUH SI3BIK, HO M [IOTOMY, YTO HE OBIJIO CIIOCOOHBIX MOHATH
Takue TPyAHBIC KHUTH, Kak « ‘Dm3uka mwiu Mertadnszuka” ApUCTOTENS
m “Ansmarect” I1Tonemesn».

O>xuBIIeHHE Hay4YHOM *XHU3HM B BH3aHTHH HaMETHIIOCH JIUIIb B Ce-
penune IX B. B KoHncTanTnHOMmONE BO3HMKAET BhICIIAs IIKONA (YHHUBEp-
cureT), KoTtopod pykoBoautT JleB Maremaruk. IlpenogaBanue B HeMm



CTPOMIIOCH TI0 aHTUYHOMY 00pasily, IporpaMMa IMpeaycMaTpuBaia u3y-
YeHHE «CEeMHU CBOOOJHBIX MCKYCCTB»: TpUBHyMa (TpaMMAaTHUKH, pUTOPH-
KM, JUAJICKTHKH) W KBaIpuBHyMa (apHPMETHKH, TEOMETPHUH, aCTPOHO-
MUH, MY3bIKH).

B EBporie B 3T0 BpeMsl MOIy4riia IIMPOKOE Pa3BUTHE CXOJACTHKA,
ANXUMUS U aCTPOJIOTHSI.

Cxonacmuka — TAT PEIIATHO3HON QHITOCOMUH, XapaKTePU3YIOIHIACS
MIPUHIUIHAANBHBIM [TOJUMHEHNEM TNPUMAaTy TEOoJOTHH (OOrocioBHIO), CO-
eIMHEHNEM JOTMaTHYECKHX MPEANIOCHUIOK C PaIOHAMCTUYECKON METo-
JMKOM M 0cOOBIM HHTEPECOM K (POPMaTbHO-JIOTMIECKON MpodIeMaTuke.

Anxumus — cBOeOOpa3HOe SBJICHHUE KYJIbTYPBI, TOTYUHBIIEE MIHPO-
KO€ paclpocTpaHeHue B 31oxy no3aHero CpenHeBekoBbs. CBoeil IiiaB-
HOW 3ajjaueil aJXMMHKH CUHTANM MpEeBpalleHne HeONIaropoaHbIX MeTall-
JIOB B OJIaropoJHbIe ¢ TOMOMIBI0 «(PIIOCOPCKOTO KaMHsD. AJIXUMUS 3a-
JIOXKHJIA TPAAWLUH ONBITHOIO HM3yYeHHs BELIECTB M CO3Jaja MOYBY IS
BO3HUKHOBEHHS XUMHH.

Acmponozus — 3TO y4eHUe, COTIaCHO KOTOPOMY IO PACIIOJIOKEHHUIO
HEOECHBIX CBETHWJI BO3MOXKHO IIPEICKa3aTh HMCXOH MPeAIpPUHIMAEMbIX
JEHCTBHI, a Takke OyIyIee OTIENbHBIX JIFOJeH U LENbIX HaApOIOB. ACT-
pOJIOTHSl CTHUMYJIHPOBaja HA ONpEAENICHHOM JTare pa3BUTHE Halbo1a-
TEJILHOW aCTPOHOMHH U COZIEHCTBOBAJA Pa3BUTHIO €€ ONBITHOU 0a3bl.

Heckompko mo3ke mosiBsitoTcst yHUBEpcuTeTsl B EBpome. Crapeii-
muMHu cpenu HuX siBuich bomonckwii (1119 1.), IMapmxkckuit (1160 r.),
Oxcdopackuit (1167 r.), Kemopumxckuit (1209 r.), Iagyanckuit (1222 1.),
Heanonuranckuii (1224 1.). OHu ObUTM HE TOJBKO YYEOHBIMH, HO M Haydy-
HBIMH LEHTPaMH.

ITpumepno B 1440 1. U. I'yrenOGeprom u300peTeH €BpONEHCKUii
croco0 KHUTONEYaTaHHs, YTO MPUBEIO0 K MEPeXoay OT HepenuChIBaHUS
KHUT OT PYKH K THPAXHOMY IIPOU3BOJCTBY, 3TO ObLI Ka4eCTBEHHBIH CKa-
YOK B UCTOPWUHU KHIDKHOTO Jejia M BCe MUPOBOU KyIbTyphl. Co3Mar0TCs
BO3MOXHOCTH OBICTPOTO 3aKpEIJICHHS M MacCOBOTO paclpOCTPaHEHUS
pe3yabpTaToB HayudHbIX mcciaenoanuii. K 1500 r. B EBpone HacuyuThiBa-
a0ck 6osee 50 ThIC. pa3IMYHBIX COYUHEHHH.



B coBpeMeHHOM NOHMMAaHHMM HayKa Hadyaja CKJIaAblBaThcs B XVI —
XVII BB. B 3T0T mepuoa OBUIO MOAOPBAHO TOCIOACTBO PEIMTHO3HOTO
MBILUICHHS, U HAayKa Hayajla IpeBpallaThCsl B CAaMOCTOATENBHBIN (pakTop
IyXOBHOHW >km3HH. VIMeHHO TOoTzHa Kpome HaOirofeHus Hayka Oeper Ha
BOOPY’KEHHE IKCHEPUMEHT KaK BEAYLIUH METOJ UCCIEIOBAHUS.

B 1603 r. B Pume co3maercst mepBasi akajgeMusi HAyK — AKaJaeMus
Hen JInuen (TOCIOBHO «PBICKETTIA3bIX»), WIEHOM KoTopoi Obut I'. ["amm-
neit. B 1660 r. ocHOBaH oAMH U3 Benyux 1eHTpoB EBporbl — JIoHA0H-
ckoe kopoJesckoe obuiectBo. C 1665 1. oHO m3maeT «Punocodcekue 3a-
MMUCKW» — OJIMH U3 CTapedInX Hay4IHBIX XypHayioB mupa. OreHka Hau-
Oomee 3HAYMMBIX PE3YJNbTaTOB HAYyYHOTO TBOpYECTBA OT HMMEHHU
NpoQeCcCHOHANBHOTO JXypHalla CTAHOBUTCS HOPMOW.

Yemexu storo Bpemenu ([ aniueti 1564-1642 ce., Jexapm 1595—
1650 ez., Hotomon 1643—1727 22. u Op.) npuBeNH K TOMY, YTO HayKa CTa-
Jla BBICTyIaTh Kak BBICIIAs KyJbTypHas LEHHOCTh. MIMeHHO Toraa mpo-
M30IIJIa TIepBasi Hay4YHasi PEBOIONHS, TpUBEANas K GOPMHUPOBAHUIO Me-
XaHUCTUYECKON KapTUHBI MUpA.

B cepenune XIX B. MpouCXOAST 3HAYUTEIbHBIE U3MEHEHUS B Opra-
HU3AIAK UCCIIENOBaHUHN (IIPEeXIe BCETO XUMUIECKUX U pu3ndeckux). Ha
CMEHY yYEHBIM-OJIMHOYKAM W TPaJWIMOHHBIM KaOMHETaM MPUXOJAT Ha-
YYHO-HCCIIEIOBATENILCKUE JTa00paTOpuy, IPU KOTOPBIX TPOBOAAT KOJIIO-
kBUyMBL. [lepBrle mabopaTopuu OBUTH OTKPHITHI MPHU YHUBEPCUTETAX —
JleiinurckoM, ['ertunrenckom, eiinens6eprckom u np. B Poccun mep-
Basi Jlaboparopus Obuta opraHu3oBaHa B 1872 r. mo WHUIMATHBE (PU3UKA
A.I'. CroneroBa. BriocneacTBun MHOTHE Ta00OPaTOpUN MPE0OPa3yIOTCs B
Hay4YHO-UCCIIE0BATEIbCKHE MHCTUTYTHI. CO31at0TCs MPEANOChIIKN A
(opMHPOBaHUSI HAYYHBIX IIKOJI.

Poxzaenne coBpeMEHHOI HayKu CBA3aHO C BO3HUKHOBEHUEM YHHU-
BEPCUTETCKUX MCCIEAOBATEILCKHUX J1a00PaTOPHid, MPUBJIEKAIOLINX K CBO-
el paboTe CTYZEHTOB, a TaKXKe C IPOBEACHNUEM HCCIIEA0BaHUI, NMEIOLTIX
BaXKHOE TPUKIIAJHOE 3HaueHne. HoBas Momens oOpa3oBaHUS B Ka4ecTBE
BaXKHEHIIIETO MOCIEACTBUS A OCTANbHOU KyJIbTYyphl UMEJa MOSIBICHUE
Ha PBIHKE TAaKUX TOBApOB, pa3pabOTKa KOTOPHIX MPEAIonaraeT JOCTYIl K
Hay4yHOMYy 3HaHuI0. Hampumep, ¢ cepenunbl XIX B. HA MUPOBOM PBIHKE
NOSIBIISIFOTCS. YAOOpEeHHUsI, SAOXMMHUKATHI, B3pPBIBYATHIC BELIECTBA, JJIEK-
TPOTEXHUYECKHE TOBAPHI U T.1I.



Ha py6exe XIX — XX B. OTKpBITHE 3JIEKTPOHA U PaIHOAKTHBHOCTH,
a TaK)Ke TMOSBJICHWE TEOPHUH OTHOCHUTEIBHOCTH DWHINTEHHA IMPHUBENO K
KpU3HUCY KJIACCUYECKOW HAyKH U, NMPEXIE BCEro K Kpaxy MeXaHHCTHYe-
CKOro MUpoBO33peHus. Kpusuc paspemniicss HOBOM peBositonueid. B Hay-
K€ PEe3KO BO3pOC O0BEM KOJJIEKTUBHOTO TPyJAa, TMOSBUIACH IPOYHAS
B3aUMOCBS3b C TEXHUKOM.

1.2. 3aKkoHBI pa3BUTHA TeXHUKH

Pa3BuTre TEXHUKU TPOMCXOJMT COTJIACHO 3aKOHAM JHUANICKTHKU, TIPH
3TOM COOCTBEHHO 3aKOHbI MEXHUKYU MOKHO Pa3IeuTh Ha JIBE TPYIIIIHL:

1) saxonwvl opeanuzayuu cucmem (ONPEIEIAIOT KU3HECTIOCOOHOCTH
CUCTEMBI);

2) 3akonwsl 3600YUY cucmem (OTIPEIEIIIOT Pa3BUTHE CUCTEM).

Haubonee oOmue n3 3aKOHOB TUANIEKTUKH CIIETYFOIINE:

1. 3akon eduncmea u 60pbOLL NPOMUBONONOHCHOCMEL XAPAKTEPH-
3yeT OIHO M3 OCHOBHBIX MOHATHH TEOPHUU pEIICHHS M300peTaTenbCKUX
3a51a4 — npomusopeuue.

2. 3axkoH nepexoda KOMUHUECMBEHHBIX USMEHEHUUl 8 KaueCmeeHHbie
BCKpBIBAeT OOIIMI MEXaHW3M Pa3BUTHS. YUET 3aKOHA Tepexoa Kolnde-
CTBEHHBIX M3MEHEHHH B Ka4eCTBEHHBIC NMPOWCXOIWT HA 3Tame BhIOOpa
3aJla4d ¥ TIPOTHO3UPOBAHUS PA3BUTHUS CHCTEM.
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Puc. 1.1. KpuBas pa3BuTHA TEXHHYECKHX CHUCTEM: [ — «3apoxne-
HHUE» CHCTEMBI (TIOSBJICHUE W/EH U ONBITHBIX 00pa3loB); 2 — Mpo-
MBIIUICHHOE M3TOTOBJIEHHE CHCTEMbI U JOPaO0TKa CHCTEMBI B COOT-
BETCTBUH C TPeOOBaHUSIMH PBIHKA; 3 — HE3HAYMTENbHAsl T0paboTKa
CHCTEMBI;, 4 — yXyALICHUE ONIPeIeTICHHBIX TTapaMETPOB CUCTEMBI



Jlro6as cuctema (B TOM YHCIIE M TEXHHYECKAs) IPOXOAUT HECKOIBKO
3TamoB cBOETo pa3Buths (puc. 1.1). Y9acTok 3 CBUAECTEIHCTBYET O TOSIB-
JICHUHU B CUCTEME HEKOTOPBIX MpoTuBopeunil. IIpekpamienue pocra qaH-
HO# cucTeMbl (Y4acToK 4) HE O3HadaeT MpeKpalieHue mporpecca B 3TOM
obmactu. [losBsroTCS HOBBIE O0JIee COBEPIIEHHBIE CUCTEMBI — IIPOMCXO0-
JUT cKadoK B pa3BuTuM (puc. 1.2, @). DT0 TUIINYHBIN NpuUMep MposBie-
HUS 3aKOHA ITepexo/ia KOJIMYECTBeHHBIX HN3MEHEHNI B KadecTBeHHbIe. Ha
cMeHy cucteMme [ mpuxogut cuctema 2. CkaukooOpa3HOe pa3BUTHE MPO-
JIOJKaeTcss — MOsIBIIsAIOTCS cucteMsl 3, 4 u T.4. O6muil mporpecc B OT-
paciu oTpakaeTcs KacaTelIbHOW (IyHKTHpHAs JIMHUS) JaHHBIM KPHUBBIM

(puc. 1.2, 0).
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Puc. 1.2. Pa3BuTHe TEXHHYECKHX CUCTEM:
a — CKauKoo0paszHOEe pa3BUTHE; 6 — OOIINI TIPOTPECC OTPACITH

3. 3axon ompuyanus ompuyanusa (IPOLECC Pa3BUTUS MPOUCXOTUT
M0 CTIUpajH, HO Ha Oojiee BHICOKOM YPOBHE C MPUMEHEHHWEM HOBBIX dJie-
MEHTOB, MaTEpPHAIOB, TEXHOJIOTHI H T.II.).

K 3akoHam opeanusayuu cucmem OTHOCATCS:

4. 3akxou nonnomwl uacmeil cucmemvl: HEOOXOAUMBIM YCIOBHEM
MPUHIMITHATEHON JKU3HECTIOCOOHOCTH TEXHUYECKON CHCTEMBI SIBIISIETCS
HAIMYNEe U MUHUMAIIbHAs pabOTOCIIOCOOHOCTh OCHOBHBIX YacTel CUCTe-

Uro0Obl TeXHUYECKas CHCTeMa Oblia YIpaBJIIeMOU, HEOOXO0IUMO,
9TOOBI XOTsI ObI OJTHA €€ YacTh OblIa YIIPaBIISIEMOM.

5. 3axon «snepeemuueckoli NPOGOOUMOCMUY CUCMEMbl: HEOOXOau-
MBIM YCIIOBUEM MPUHIUIHATEHON KU3HECTIOCOOHOCTH TEXHHYECKOW CHC-
TEMBI SBIISIETCS CKBO3HOM ITPOXO/I YJHEPTHH MO BCEM YaCTSIM CHCTEMBIL.

6. 3akoH coenacosamus pummuKu cucmemvi: HeOOXOJIUMBIM YCIIO-
BUEM TMPUHIMIUAILHON >KU3HECTIOCOOHOCTH TEXHHUUYECKOH CHUCTEMBI SIB-
JIIETCS COTJIAaCOBAaHHE PUTMHKH (JaCTOTHI KOJICOAHWH, MEPHOTAIHOCTH)
BCEX YacTel CUCTEMBI.



1.3. Hayka u ee poJib B 1eSITeJIbHOCTH YeJl0BeKa

Hayxka siBnsieTcs 0IHOM M3 Ba)KHEHIIMX COCTABIISIOIIMX ACSITEIBHO-
CTH 4eNloBeKa, 0e3 KOTOpPOH HEeBO3MOKEH TEeXHWYecKui mporpecc. Ha-
npuMep, B 00J1aCTH MallIMHOCTPOCHUSI MOYKHO TOBOPHUTH 00 oOecrieyeHnn
ONMUMALHO20 YPOBH: Kauecmeda NpoOoyKyuu, T.e. IPU CyMMapHBIX 3a-
TpaTax Ha CO3/IaHWE U MOCIEAYIONIYI0 SKCILTyaTallli0 W3ACTHs, CTPeMs-
mMXCs K CBoeMy MHHUMYMY (min—(), BeposiTHOCTb 06€30TKa3HOil pabo-
THI U3/IETIHS TOJDKHA CTPEMUTHCS K CBOeMy MakcuMyMy (max— 1). Obec-
[EYNTh MHHUMAJBbHBIE 3aTpaThl Ha CO3/IaHUE U3NENHS BO3MOXHO
BHE/IPEHHUEM B TPOU3BOJICTBO COBPEMEHHBIX PECYPCOCOEpPETAIONINX TeX-
HOJIOTHH, TEXHOJIOTHYECKUX MPHEMOB, METOJIOB U CIIOCOO0B, CO3aHHBIX
Ha Hay4yHOU ocHOBe. llenbio Hay4HOH JEATEIhbHOCTH SIBIISICTCS PEIICHHE
3a]auy, KaK MpaBWIo, MPHUKIAJHOTO XapakTepa, KOTOPOe MO3BOJIUT, Ha-
MIpUMeEp, YCOBEPIIEHCTBOBATH TEXHOJIOTHIO, & B PE3yJIbTaTe IMMOBBICUTH €€
TEXHUKO-3KOHOMHUYECKYIO 3PPEKTUBHOCTh, KPUTEPUIMHU KOTOPOU MOTYT
BBICTYIaTh KAYECTBO U MPOU3BOIUTEIHHOCTb.

B mpsiMmoM cMBICITE CII0Ba HAyKa — 3TO TO, YEMY MOXKHO HAYUYHUTh WITH
HAy4UThCH, T. €. TIepeaarh JIM0O MONyYUTh 3HAHUE U YMEHHUeE, JU0O J0-
OBITH 3TO 3HAHWE M yMEHHUE caMoMy. Hayka — Kak TepMHH B COBPEMEH-
HOM PYCCKOM S3bIKE HMEET YEThIpe 3HAUSHUS:

1) Hayxa — cdepa uenoBedeckol AeATEIbHOCTH, HAIIPABICHHON Ha
MOJTyYCHUE HOBBIX 3HAHHU O PUPOJIE, OOIIECTBE U MBIIIJICHHH.

2) Hayxa — cdepa ncciaenoBaTeabCcKOR OeTENBPHOCTH JIIOACH, CHC-
TeMaTH3allMd OOBEKTUBHBIX JAHHBIX O PEATBHOM MHpPE, & TaKKe OTKPHI-
THE W BBIPA0OTKA HOBBIX JaHHBIX.

3) Hayxa — HepepbIBHO Pa3BUBAOIIASACS CHCTEMa 3HAHUH OOBEK-
TUBHBIX 3aKOHOB TIPUPOJIBI, OOIIECTBA U MBIIIICHUS, KOTOpas COXpaHseT-
Csl M pa3BUBAETCS YCHUIIMSMH YIEHBIX.

4) Hayka — cdepa yenoBevecKoi NesTeNbHOCTH, (PYyHKINS KOTOPOit
3aKIII0YaeTCs B HAKOIJICHUU 1 00paboTKe 00BbEKTUBHBIX 3HAHUM O JeiicT-
BUTEIFHOCTH.

Ilon uyemoBedeckoll AEATETHHOCTHIO MOMPAa3yMEBAETCS MAESTElhb-
HOCTb VYeHbiX, T.. JIIOJEH, U3y4alolUX 3aKOHOMEPHOCTH SIBJICHHS WU
nporiecca, KOTopble 00bEKTUBHO CYIIECTBYIOT, HO €llle He MO3HAHBI I
HE 70 KOHIIa o3HaHbl. OlleHKa AesITeTbHOCTH YYEHOTO B 00JIaCTH MaIlu-



HOCTpoeHUsT uMeeT (B Poccum) Tpu cTemeHn — MarucTp TEXHUKHA U TEX-
HOJIOTMH, KAaHAUJAT TEXHUYECKUX HAYK, TOKTOP TEXHUYECKUX HaYK.

W3 cymecTByoero nepeyHs HayK Mo OTpacisaM 3HaHUM — eCTecCT-
BEHHBIE, OONIECTBCHHBIC, TYMaHWUTApHBIC, TEXHUYECKUE, IIOCIICIHIEC
o0ecneunBarOT MPSAMYIO CBS3b C MPOU3BOACTBOM. TexHuueckue HayKu —
crienuduueckas CUCTeMa 3HaHMK O Croco0ax (YHKIMOHUPOBAHUS TeX
WJIM WHBIX TEXHUYECKNX 0O0BEKTOB M CHCTEM, a TAKXKE O METOJaX KOHCT-
PYKTOPCKO-TEXHUYECKON ACSITENbHOCTH.

Texnuueckue Hayku NENITCS Ha (YHOAMEHMAIbHbIE U NPUKTIAOHbIE.
DynoamenmanvHvle UCCIEIOBAHNS OTKPBHIBAIOT HOBEIE SIBIICHUS M 3aKO-
HOMEPHOCTH, a npuKkiadHbvle HAINPaBIEHbl HA PEIICHHE TEXHUYECKOU
Mpo0JIeMbl MIPU M3BECTHOM 3apaHee 3aKOHOMEPHOCTH MPOTEKAHUS TOTO
WJIM THOTO TIPOIIecca, SBIICHUS.

OpnHo¥i U3 BaXKHEUIINX (QYHKIUHA HAYKH, B TOM YHCIIE TEXHUYECKOI,
SIBIIICTCS NpedsuoeHue. He TPOBOJIS HUCCICIOBAHUS, YCIIOBEK 3apaHee
MIpeAroaraeT MoIyIiuTh HEKOTOPHIC BIIOJHE ONPEICICHHBIC PE3YIbTATHI.
YroObl chopMyITUpOBaTh MPEIBUICHUE O MPEANOIAracMoOM pe3yIbTaTe,
HEOOXOMMBI 3HaHUS B BEIOPAHHOUN 00JIACTH MCCIICAOBAHUM. DTH 3HAHUS
MOXXHO TIOJIYIUTh, OIMHUPAsSCh HA PE3yJIbTAaThl YUCHBIX-TIPEIIICCTBEH-
HUKOB. Pedb HIET O JeTanbHOM M3YYEHHUU Pa3IU4YHBIX TEPBUYHBIX (MO-
Horpaduu, COOPHMKH HAy4YHBIX TPYIOB, >KypPHAJbI, JUCCEPTAIUH, Ia-
TEHTHAas TOKyMEHTAIUs U Ap.) U BTOPUYHBIX (pedepaTUBHBIC KYPHAITBI H
COOpPHHMKHM) HAayYHBIX JOKYMEHTOB W JaJbHEWIIeH CUCTeMaTH3aluu W
aHaJIM3e HaWjeHHOTo marepuana (uHdopmanuu). HUrpopmayus — onHa
Y3 BaXXHEHIIMX COCTaBISIOLIMX HAy4yHOH HesrensHocTu. OT cegoticmeé
ungopmayuu — ee 0OBEKTHBHOCTH, JOCTOBEPHOCTH, aKTYaIbHOCTH, aJie-
KBaTHOCTH, 3HAYMMOCTH — OYJET 3aBUCETh BEPOSTHOCTh ONIMOKH TpHU
MIPOBEICHUU UCCIIETOBAHUS.

HcxonHbIM MaTepuanoM Ijsi HAyKH, B TOM YUCJE TEXHUYECKOH, sIB-
nstoTcs pakThl. DakT — 00OBEKTUBHO CYIIECTBYIONIEE siBJicHHe. Ha ocHo-
Be aHanm3a (pakToB QOPMHUPYIOTCS TOHSATHUS, 3aKOHBI, TEOPUH, KOTOPHIC
MocJie MPOBEPKU Ha aJEKBATHOCTh MOTYT BOMTH B CHUCTEMY HAay4YHBIX
3HaHui. Ecnu (akToB HEOCTATOYHO, TO BMECTO MOHSTHS, 3aKOHA, TEO-
pun hopMuUpyeTCs 2unome3a Kak MPeAIoNIOKATENBHOE PECTaBIeHIE O
3aKOHOMEPHOCTSIX MPOTEKAaHUs TOTO WM MHOTO mpoiecca. [Ipu Bozmox-
HOCTH THUIIOTE3a TAKXKE TOJICKUT ITPOBEPKE.



1.4. 3nanue u No3HaHHE

3nanue — KIOYeBas COCTABIAIONIAS TPEIBUACHUS, JOCTOBEPHOE,
HCTUHHOE TPEJCTaBICHHE O YeM-Tu00. Mcmunnoe 3Hanue — BEPHOE OT-
pakeHre NEeHCTBUTENBHOCTH. JIodcHOe 3HaHUe — HEBEPHOE, MILTI030PHOE
OTpaKEHUE AEHCTBUTENBHOCTH. JIOXKHOE 3HAHUE TaKKe Ha3bIBAlOT 3a-
Oy xaeHneM. 3HaHNE HEBO3MOXKHO 0€3 TTO3HaAHUS.

Ilo3nanue — miporiecc AOCTIDKEHUS 3HAHWA. Pa3nmuvaroT mo3HaHue
yygcmeenHoe (AIMIIMPUIECKOE) U payuoHanibHoe (TEOPETUIECKOE).

COCTaBIISAIONIUMH  4Y6CMBEHHO20 TIO3HAHMS SBJISIOTCS OIyICHUE,
BOCHIpHUATHE, TIPECTaBlIeHNe, BooOpaxenne. OuyujeHue — OlIEHKA TIpe-
MCTa WA ABJICHUA YCPE3 OpraHbl YyBCTB (3pI/ITeJ'II)HI>IC, CIIYXOBBIC, OCA3a-
TEeNbHbBIC, O0OHSTEIbHBIC, BKYCOBBIC) MO OTAEIBHOCTH. Bocnpusmue —
OIIEHKa IIpeIMeTa WITU SBJICHHUS B LIEJIOM Yepe3 AeHCTBHE OPTaHOB YyBCTB
OJTHOBPEMEHHO. [Ipedcmasnenue — BTOPUIHBIN 00pa3 mpeaMeTa WiH sB-
JICHUA, COXpaHHBmHﬁCH B HaIllell MaMsITH IO PaHEC MOJYUYCHHBIM OUIYy-
HIEHUSAM ¥ BOCTIPHUATHIM. Boobpadicenue — oObenWHEHNE pPa3TUIHBIX
HpeI[CTaBHCHI/Iﬁ O NpeaAMETE WJIN ABJICHUU.

COCTaBISAIOUIUMH PAYUOHANIbHO20 TIO3HAHUS SBJISIOTCS MBIIICHUE,
MOHSATHE, CYXKIEHUE, yMO3aKItoueHue. Mbiuiienie — OIIEHKA CBOWCTB,
NPUYINHHBIX OTHOHICHHﬁ, 3aKOHOMCPHBIX cBsI3el MEXKAYy NOpeaMeTaMu
HUJIN SIBJICHUSIMU. OCHOBHI)IM UHCTPYMECHTOM MBINUJICHUS BBICTYIIACT JIO-
THYECKOe paccyxkneHue. Paccyjcoenue CKIAABIBACTCS U3 TOHATHUS, CYXK-
JeHusT U yMo3akmoueHus. [Ipu 3ToM nowsimue — OTpaxkaeT NMPU3HAKU
MIpeAMETa WIHM SBICHUS M MOXKET OBITH OOIIMM, €IMHHYHBIM, aOCOJIOT-
HBbIM, OTHOCHTEJIBHBIM, KOHKPETHBIM H coOuparenbHbIM. Cyoicoenue —
MBICJIb, B KOTOPOH 4€pe3 CBsA3b IOHSATUN YTBEPKIAACTCS UM OTPULIACTCS
4yT0-IN00. YMo3axnouenue — MOCIEA0BATEIBHOCTh HECKOJIBKUX CYKIe-
HUH, B pe3yibTaTe KOTOPBIX IOJy4aeTCs] HOBOE CYXKIEHHUE. YMO3aKIIo-
YEHUE — 3TO BBIBOJ, KOTOPBIA JAET PEAIBHYIO BO3MOXKHOCTb IIEPEUTH OT
TEOpUH K ACUCTBUTENBbHOCTH (TIpakTuke). Jlobas HaydHas pabota (mwuc-
cepTamus, CTaThs, Te3HCHI, nokiuan, oraet o HUP u ap.) umeer ymo3sak-
Jro4YeHre (BBIBOJ WM BBIBOABI), OMUpasch Ha KOTOPOE MOXKHO MAaTh
OIIEHKY palOTHI MO aKTyaJIbHOCTH, HOBU3HE, TEXHUKO-IKOHOMHUYECKON
3¢ (HEeKTUBHOCTH U PEKOMEHIOBATh PE3yJbTaThl PabOTHI M TpPaKTHYe-
CKOr'o NpuMEHCHHA, HAIIPUMED, B IIPOU3BOACTBC.



1.5. IIpouecc HAY4YHOTO UCCIETOBAHUS

K ocHOBoIONIararomm smanam Hay4Ho2o ucciedo8anus OTHOCSITCS:

* BOBHUKHOBEHUE HJIEH;

* (hopmMupoOBaHUE IOHATHS;

* (opmupoBaHUE CYKACHNUS;

* BBIIBIDKEHUE TUTIOTESHI,

* I0Ka3aTeNbCTBO MPABMIBHOCTH THIIOTE3HI U CYXKIACHUS.

Hoes — 00bsACHEHHE SBIICHUS WIIN TIPOIECCa HHTYUTHUBHO. Wes Oa-
3UpyeTCcsl Ha MMEIOIIUXCA 3HAHUSAX 10 BHIOPAHHOMY HAIpPaBICHHIO FC-
CJIEIOBAaHUN U BCKPBIBACT (PaKT TOTO, UYTO paHHEee (MPEeAIICCTBCHHUKAMH)
He OBUTO 3aMeueHO (Kakue-TuO0 He 3aMedeHHBIC 0COOCHHOCTH, 3aKOHO-
MEPHOCTH IIPOTEKaHus Tporiecca, siBienns). [lo cyTtn nena npeanaraemas
uaes. TOMYEPKUBACT WIM OMpeNessieT HOBHU3HY pabOTHI, UTO SIBISIETCS
00s13aTETHPHBIM B UCCIIEIOBATEILCKOMN ACSITEIIEHOCTH.

Marepuanuzanueii uaed BBICTYNAeT eunomesd, KOTopas TOoCie
YTOUHEHHUS TpeBpaiiaeTcs B 3aKOH (yCTOWYMBAs 3aKOHOMEPHOCThH B3au-
MOJCHCTBHUS DIIEMEHTOB CHCTEMBI). B mampHEHIeM THIIOTE3a MOXKET
crarh Teopuelt. Teopus — cuctemMa OOOOIIEHHOIO 3HAHWS, OOBSICHEHUS
TEX WIH UHBIX CTOPOH JIEHCTBUTEIHLHOCTH, (DOPMUPYEMOIi HA OCHOBE H3-
BECTHBIX TPHUHITUIIOB, aKCHOM, 3aKOHOB, CYXXICHHM, MOJIOKCHHH, MOHS-
T, KaTeropuii 1 GakToB.

1.6. MeToabI MCCIeI0BAHMM

Memoo — myTh UCCIeAOBaHUs, CIIOCOO JOCTIDKEHUS IETH, CIoco0
peureHus 3amaun. B o0nactu MammHOCTpOeHHS (KOHCTPYKTOPCKO-TEX-
HOJIOTHYECKOTO O0eCTeyeHHsI MalllMHOCTPOUTENBHBIX MPOU3BOJICTB) Ha-
XOJIAT MPUMEHEHUE CIEAYIONINE METOIbI:

— HaOJIIOICHHE;

— CYeT;

— U3MEPEHHUE;

— CpaBHEHUE;

— 3KCIIEPUMEHT;

— 0000111eHHE;

— aHaIM3;

— aHaJIOTHS;

— MOJIEJIUPOBaHUE.



Habawoenue — mo3Hanme nporecca B3auMOJICHCTBHS 00OBEKTOB Ma-
TEPUALHOTO MHpa Yepe3 pa3IndHble OpraHbl YyBCTB 0€3 BMeIaTeIbCcTBa
CO CTOPOHBI HCCIIeZIOBATENs B 3TOT mpoiece. [IpuBeneM HECKOIBKO MpH-
MEpOB.

1. MoXHO BH3yaJbHO OLIEHUTHh YCTOWYMBOCTH MPOTEKAHHUS MpOLEC-
ca BIIEKTPOIPO3NOHHON pazMepHOl 0O0pabOTKHM MPOBOJIIOYHBIM 3JIEKTPO-
JIOM HMHCTPYMEHTOM, OINUPAsACh HA KojeOaHMS MOKA3aHUH BOJBTMETPA
KOHTPOJISI HAIPSDKEHUS B MEXKAJICKTPOTHOM IPOMEXKYTKE CHCTEMBI 00-
paTHOM CBSI3M 3JEKTPOIPO3UOHHOIO BhIpe3HOro cranka ¢ YIIY. Ecmn
cTpenika mpudopa HAXOAUTCS B Tpe/eNax OJHOTO M TOTO JK€ 3HAYCHHUS C
MaKCHUMAaJbHBIM OTKIIOHeHHEM He Ooiiee £0,5 B, To mporiece 3aeKkTposapo-
3MOHHOTO pe3aHHs YCTOWUYMB. B mpoTuBHOM cityuae TpeOyercsi Koppek-
THUPOBKA IMTOKa3aTeNe 3JeKTPHUUECKOro pexxuma 00padoTKy.

2. Ilo HanuuMio cnenoB ApoOiieHUsI Ha 00paboTaHHON HUTM(OBAHU-
€M TIOBEPXHOCTU 3arOTOBKHM MOKHO CyIUTh O 3aTYIJICHUH IUTH(OBaIb-
HOTO Kpyra WM 0 ero aucoOanaHce.

3. Hanmuue npmwxoros Ha 06paboTaHHON NUTH(OBAHHEM ITOBEPXHO-
CTH 3arOTOBKH MOXXET CBHJICTEIHCTBOBATH O MPAaBWILHOCTH BbIOOpa Xa-
PaKTEepUCTUKH Kpyra M Ha3HAUYCHUs pexknuMa 00pabOTKH, a TaKKe O 3aTy-
IUIEHUH MHCTPYMEHTA.

4. BusyanbHO MOKHO OLIEHUTH PEXYIIYIO CIOCOOHOCTD JIE3BUITHOTO
HHCTPYMEHTa (HampuMep, TOKAPHOTO pe3la, CBEpia) M0 XapakTEPHOMY
3BYKY, IPUOIIKAIOMIEMYCS K «CBHCTY» B TIporiecce 00paboTKw;

5. Ilo 3amaxy MOXHO OLIEHHTb COCTOSIHUE CMa304HO-OXJIaKJaIoIIeH
xuakocta (COX).

Cuem — HaXOXJIEHUE PE3YIIbTATa, OTMPEAEIAIONIETO KOIMUYECTBEHHOE
COOTHOIIICHHE MapaMeTPOB, XapaKTEPHU3YIOIIUX CBOHCTBa OOBEKTAa HIIH
npornecca. Hanpumep, MOXKHO BBITIOJIHUTH BBIYMCICHUS OCHOBHOTO TEX-
HOJIOTHYECKOT'O BpPEMEHHU TOKapHOW 00padoTku 3arotoBku (T,) mpu pas-
JUYHBIX IOKA3aTelIX PEeXHMa, a 3aTeM COOTHECTH UX APYT € APYroM
(Tor>Tor i To <Top).

H3zmepenue — HaXOXKIE€HUE 3HAYCHUS (PU3NUECKON BEITMUUHBI OIIBIT-
HBIM ITYTEM C MOMOIIIO CIIEIUATIBHBIX TEXHHYECKHX CPEJICTB:

* U3MEPUTH JTUHEHHBIN pazMep 3arOTOBKU C MOMOIIBIO INTAHT€HUH-
CTpyMeHTa (IITaHT'€HLUUPKYJIS), MUKPOMETPHUECKOTO MHCTPYMEHTa (MH-



KPOMETpPA), BEPTUKAIBHOTO I TOPU3OHTAILHOTO ONTUMETpPa, JJIMHHO-
Mepa, HHAUKATOPHOTO HyTPOMEPa;

* U3MEPUTH YITIOBOH pa3Mep 3aroTOBKH C TIOMOMIBIO yrioMmepa, 4a-
COBOT'0 MPOEKTOPa, ONTUYECKON JETUTEIBHOMN TOJIOBKH;

* OIICHUTH OTKIJIOHEHUSI ()OPMBI U PACTIOIOKECHHS MMOBEPXHOCTEH 3a-
TOTOBKU C TIOMOIIBIO MHIUKATOPHOW MM PBIYAXKHOH CKOOBI, KpyTrioMe-
pa, MHANKATOpa YacOBOTO TUIIA FITH MHOTOOOOPOTHOTO;

* I3MEPUTH IMIEPOXOBATOCTH 00PabOTaHHOI TOBEPXHOCTH 3arOTOBKU
C TIOMOIITBIO TBOMHOTO MUKPOCKOIIa, mpodutorpada-npoduomMerpa;

¢ OLICHUTHL TOYHOCTH HU3IOTOBJICHUA HUJIMHAPHUYCCKOI'O 3y6anor0
KoJleca C MOMOIIBI0 MEXOceMepa, HAKIaJHOTO IIaroMepa, BOJIBBEHTO-
Mepa, IryMoMepa 1 Jp.;

* I3MEPUTH TBEPJIOCTh TIOBEPXHOCTHOTO CJIOSl MaTepHala 3arOTOBKU
C TIOMOIIBIO TBEPIOMEPA;

* I3MEPUTH BEIMYMHY U3HOCA PEXYIIEH KPOMKH HHCTPYMEHTA C TI0-
MOIIBI0 ONITUYECKOT0 MUKPOCKOTIA.

Cpagnenue — yCTAaHOBIICHHE Pa3Inivsl MEXIY OOBEKTaMH MaTepH-
AJIbHOTO MHpa KakK IIpU NOMOINM OPraHOB YYBCTB, TaK W IPHU IMOMOUIA
TEXHUYCCKUX CPEACTB U3MCPCHUA. HaanMep, MOXHO BU3YAJIBHO YyCTa-
HOBHUTH HaJIMYKME HA TMOBEPXHOCTSAX 3arOTOBOK JAC(PEKTOB (CICIOB IPOO-
JICHWsI, TPUKOTOB, IApaliiH); CPAaBHUTh KadecTBO OOpabOTaHHBIX IIO-
BEPXHOCTEH 3arOTOBOK IO MapaMeTpy Ra, HCIIONB3Ys NPOGUIOMETP.

Oxcnepumerm (Tpoda, OTIBIT) — MPOIIECC, B paMKaX KOTOPOTO Peatnu3y-
€TCsl B3aMMOJCHCTBHE MEXITy 3JIEMEHTAMH TEXHOJIOTHYECKON CHCTEMBI TPH
M3MEHSIOIIMUXCS YCIOBUAX. V3MepeHue yclioBUN B3aUMOJEHUCTBHUSL OCYIIIe-
CTBJISIETCSl WccienoBarenieM. Hampumep, pe3yibrataMd HATYpPHOTO OJTHO-
(aKTOPHOTO DJKCIEpUMEHTa HEOOXOIUMO YCTaHOBHTH 3aKOHOMEPHOCTH
BJIMSIHUS CKOPOCTH MOAa4H S, MM/MHH, Ha Ka4eCTBO 00pabOTaHHOM TOBEPX-
HOCTH 3arOTOBKHU MO CpPEIHEMY apH(hMETUYECKOMY OTKIIOHEHHIO MPOQHIIL
Ra, MxM, ipu TOKapHO!H 00paboTKe MPOXOAHBIM pe3roM. [l 3Toro uccie-
JIOBaTENb, OMUPAsICh Ha TIPEBAPUTEIHFHO Pa3padOTaHHYIO METOUKY MpOBe-
JIeHHsT 0MHO(AKTOPHOTO SKCIIEPUMEHTAa, 00padaTHIBAET HA TOKAPHOM CTaHKE
7 3aroTOBOK IIPpHU U3MCHACMBIX UM Pa3/IMYHBIX 3HAUYCHUAX CKOPOCTH IMOJaA4Yn
S B CTOpOHY €€ yBelMYeHHs. 3aTeM H3MepsieT MIepOXoBaToCTh 00paboTaH-
HOW MOBEPXHOCTU IO Napamerpy Ra n 3aroTOBOK, aHAIU3UPYET IOJYYEH-



HBIE pe3yNbTaThl M3MEPEHHH, OCYIIECTBISIET 0OPabOTKY KCHEPHMEHTAITb-
HBIX JJAHHBIX W B UTOT'e CTPOUT rpaduk 3aBUCUMOCTH Ra OT S, onupasch Ha
KOTOPBIH (hOPMYIHpPYET YMO3aKIIOUEeHHE O 3aKOHOMEPHOCTH U3MEHEeHUsl Ra
B 3aBCHUMOCTH OT S.

Obo6wenue — NoaydeHUue OOILEro MOHSATHSA, B KOTOPOM HaxXOIUT
OTpaXCHUE TJAaBHOE, OCHOBHOE, XapakTepHu3yloliee OOBEKTHl IaHHOTO
Kjacca. PaccMOTpuM HECKOJIBKO IPUMEPOB 0000ILIEHUS Pe3yIbTaTOB HC-
CJICZIOBaHMUA.

1. PezynmpTatamMu HATYpHOTO SKCIEPHUMEHTa JJOKAa3aHO, YTO HE3aBU-
CHMO OT MarepHuayia 00pabaTbIBaeMOil 3arOTOBKH Ka4ECTBO TTOBEPXHOCTH
Ha YpPOBHE MHUKPOTEOMETPUH MOBEPXHOCTHOTO CJIOS MO mapameTpy R,
MKM, TIPH TOKapHOH 00paboTKe MPOXOJHBIM Pe3oM OyIIeT yXyamaThCs C
yBEJTUYEHHEM CKOPOCTH HOAAYH S, MM/MHH.

2. Pa3paboTaHbl TEXHOJOTHYECKHE PEKOMEHIAIMU M TEXHOJOTHS
HaHECEHMs TOKPBITHA Ha OCHACTKY M3 TUTAHOBBIX CIUIABOB IIPUMEHH-
TEJIPHO K AETalsAM Pa3lWYHOrO0 Ha3HAYEHHUS, YTO IO3BOJIMIO COKPATHTh
BpeMsT HAaHECEHHs 3alllUTHOTO TOKPBITHS, CHU3UTh KOJHYECTBO 3aMEH
neranei, paboTaroIInX MOJ] TOKOM B CPEJIe AIEKTPOIIUTA.

3. PazpaboranHas cuctema yIpaBJeHHUs NTapaMeTpaMu KadecTBa Ha-
pe3aeMbIx 3y04aThIX KOJeC MpH 3y0010J0JICHHH Ha OCHOBE MHOTOMEPHO-
ro oroOpaxeHus mpouecca 0OpaOOTKM IMO3BOJSET PACCUUTATH OMNTH-
MaJIbHBIE PEXKUMBI pe3aHHsl Kak Al OObIYHBIX MaTepHaloB, TaK M IJIS
JeTaNe, W3rOTOBJICHHBIX W3 MAaTEepHAOB C OCOOBIMH  (pH3UKO-
MEXaHUYECKUMH CBOHCTBAMHU.

Amnanuz — MeToJl MO3HAHUS Yepe3 paculieHEHHWE WIH pa3jioKeHHe
MPEAMETOB HccleoBaHus (0OOBEKTOB, CBOMCTB) Ha COCTaBHBIC YaCTH,
SIBIISIETCSL OCHOBOW aHAJMTHUYECKOTO (TEOPETUYECKOr0) HCCIEIOBAHHMS.
Hanpumep, B pe3yibraTe BBIIOJIHEHHOTO aHAIN3a 3HAYMMBIX BXOIHBIX
MapaMeTpoB YCTAaHOBJIECHO, YTO Ha (JOPMHUPOBAaHUE MOTPELIHOCTH TOPLO-
BOTO 9BOJIBEHTHOr0 Hpoduiis 3yba 3ybuatoro komeca f; HPH DJIEK-
TPOAPO3NOHHOM 3y0O0BBIpe3aHnn Ha ctaHkax ¢ YI1Y OyayT BiusTS:

® MOrPEUIHOCTD anmpoKkcuManuu A, paboThl HHTEPIOIATOPA CUC-
tembl YITY-cTanka, aMIUIMTyJa MONEPEYHBIX KOJICOaHUI MPOBOIOYHOTO
ANEKTPOAA-HHCTPYMEHTA Apmay MO ACHCTBHEM DIIEKTPOCTATHYECKHX CHIT
B 30HE 00pabOTKH;



eHanuOONbIIee 3HAYEHUE BBICOTHI HEPOBHOCTEH MPODHIS Riyyy, 3aBH-
csilee OT MOKa3aTeNel IeKTPHYECKOro pekuMa 00paboTKH reHeparopa
HMITYJIbCOB CTaHKA.

Ananozus — MeTOH, OCPEICTBOM KOTOPOTO AOCTUTAeTCs 3HAHHE O
npeaMerax, 0ObeKTax, SIBICHUAX HAa OCHOBAHMM TOTO, YTO OHU MMEIOT
CXOJICTBO C JIpYTMMHM IpeaMeTaMH U sABIeHMAMH. Hampumep, meTomom
AQHAJIOTMHU IPU KOHCTPYKTOPCKOM HPOEKTHPOBAaHMU MOXXKHO HA3HAYUTh
MOCAaJKU B COEAMHEHUSAX KOHCTPYKIHUH IPOEKTHPYEMOTO CTaHOYHOI'O
IPUCIOCOONICHNS, ONMpPasCh Ha 3HAHUE PEKOMEHIYEMBIX MOCAIOK IS
CTaHOYHBIX TMPHUCIIOCOOICHUI aHaJOTHYHOTO Ha3HA4YeHUs, onpoOoBaH-
HBIX BO BpeMsI paHee IIPOBEACHHbBIX UCTIBITAHHUH.

Mooenuposanue — uccienoBaHue OOBEKTOB, SIBIEHUH, MPOIECCOB
IMyTEM IMOCTPOCHMS M HM3YUEHHUs MX MOAejied (Hampumep, MaremMaruye-
ckux). Kak mpaBuio, MaremaTHyecKoe MOJENMPOBAHUE pPEaTU3yeTcs ¢
MOMOIIBIO MPUKJIAJHOIO MPOTPAMMHOI0 OOECIIEUEHUS: OPUTHHAIIBHOTO,
pa3paboTaHHOTO CaMHM HCCIIeIOBaTEIeM, WM CTaHIAPTHOTO, PEKOMEH-
JYEeMOro Ul IIUPOKOI0 CIEKTPa MOJIEINPOBAHUS PA3IUYHBIX CTaTHYe-
CKHX M JTUHAMHYECKHUX MPOIECCOB.

Hanpumep, cpeactBamu nporpaMMHO-BBIYHCINTEIBHOIO KOMILIEK-
ca ANSYS MOXHO peanan3oBaTh MOJEIHPOBAaHHE TEIIOCHJIOBOTO B3au-
MOJEHCTBUS 3arOTOBKM M MHCTPYMEHTa IPU ITyOOKOM CBEpJICHHU OT-
Bepctuii ¢ nmpumenenneM COX 1 HanmokeHHeM yIbTpa3ByKa, a OMUPasICh
Ha opuruHagpHOe mporpammuoe obecneueHue «l[lmactuna. EXE», pea-
JM30BaTh MOJETUPOBAHUE MPOIECCa BIMSHHS JEMEHTOB PEKuMa IIIIH-
(oBaHMs Ha TIIyOMHY NPOHUKHOBEHHS TEIUIOBOIO ITOTOKA B MMOBEPXHOCT-
HBIH CJI0H 3aTOTOBKH.

W3BecTHBI mpenMyIlecTBa KOMIBIOTEPHOIO MOAETUPOBaHUS (MO-
JIeNbHBIN KcriepuMenT (MO) nepen HaTypHBIM dKcniepuMeHToM (HD)):

1) 3arpartel Bpemenu (TMO<THD);

2) croumoctHsble 3atparsl (UMI<IIHD);

3) BO3MOKHOCTb CO3JaHHsI YCJOBHUI, KOTOpbIe HEJb3sl CO34aTh B
JIEHCTBUTEIIFHOCTH,

4) nporHO3UpOBaHUE KPUTHUECKUX CHTYaLUil.



1.7. CucTeMHBIH aHAJIH3 KAK METO]
HAYYHBIX HCCIeT0BAHUT

BcnenctBue pe3ko Bo3pociieil CII0KHOCTH OOBEKTOB U CHCTEM CTa-
JIO TPYJHO OCYIIECTBHMBIM, a MIOPOH ¥ BOOOIIE HEBO3MOMXKHBIM TEOPETH-
YecKoe MM IKCIIEPHUMEHTAIbHOE HCCIIE0BAHUE ITHX 00BEKTOB WIIU CHC-
TEM TPaAWIHOHHBIMH METOJaMHU. JKCIEPUMEHTAIbHBIE HCCIIEeIOBaHUS
YCIOKHWINCh, CTAId BeChbMa TPYAOEMKHMH, CHU3WIACH 0e30In00u-
HOCTBb PE3yJbTaTOB 3TUX HccienoBanuit. HeoO0XoauMocTh H3y4eHUs
CBOWCTB ¥ (YHKIMOHHPOBAHUS TaKHX CHCTEM NpHUBeNa K pa3paboTKe H
MPUMEHEHUIO CUCTIEMHO20 AHATU3A.

MeTobl CHCTEMHOTO aHaIN3a MPUMEHSIOTCS TIaBHBIM 00pa3oM st
BbIOOpa ONTUMANBHON CTPYKTYPBl 00BEKTa, pallMOHAIBHOTO B3aUMOJEH-
CTBHS €T0 JIIEMEHTOB U TIOy4YEHHsI MAKCUMAaJIbHOTO KOHEUHOTO d(deKTa.

BaxHeHIIMMH XapaKTepUCTHKAMU CUCTEM SIBIISIFOTCS UX CTPYKTYpa,
CIIO)KHOCTH U OpraHU3aLusl.

Cmpykmypa cucmemvl OTPENENseTCs COBOKYIMHOCTHIO OTHOILCHHUN
MEXIY 3JIEeMEHTaMH (IIOJICHCTEMaMHN).

CnootcHocmy  cucmemvl XapaKTEpU3yeTcs KOIUYECTBOM IE€PEMEH-
HBIX, HEOOXOJUMBIX JUISI OTMCAHUS €€ COCTOSIHUSL.

Opeanuzayusi cucmemuvl — 3TO YPOBEHb 11€J€C000pa3sHOCTH Habopa
e€ 2JEeMEHTOB M XapaKTepa B3auMOJCHCTBUS MEXAYy HHMH, oOecredu-
BaIOIIMH LIeJICHANIPABIEHHOE (PYHKIIMOHUPOBAHIE CHCTEMBI.

BsanmMoneiicTBue COCTaBHBIX YacTel CHCTEMBbI ¢ 00padaThIBaeMbIMH
MaTepHajJaMy WM BHEIIHEH Cpeloi MpOosBIAETCS B BUAE TE€X WM MHBIX
9KCIUTyaTallMOHHBIX MTOKa3aTeleH.

Bes coBOKyITHOCTE pabo4MX TPOIECCOB, OMEpaIiuii, TEXHOIOTHYe-
CKAX W TPOU3BOACTBEHHBIX MPOIECCOB, OCYIIECTBISIEMBIX CHCTEMOI,
COCTaBIISIET npoyecc e€ (hyHKYUOHUPOBAHUA.

Ion pabouum npoyeccom MOHUMAIOT COBOKYIHOCTh B3aHMOJIEHCT-
BHI OpyAHI TpyIa U 0OOBEKTOB TPY/a, HAIIPAaBIIEHHBIX HAa 00pabOTKy WIIH
nepepaboTKy TOCIEeTHUX, C MPHBEIEHHEM K TaKOMy BHUAY, B KOTOPOM
OHH HEOOXOAMMEI JITsl YEIOBEYECKOTO O0IIIECTRa.

Ilon mexnonoeuueckum npoyeccom TOHWMAIOT MPOIECC, IMPOTeE-
KaroIui B 00BbEKTE TpyAa MpH ero 00padoTke Win nepepadoTke.



ITon onepayueti MOHUMAIOT KaKUe-THOO JEHCTBUSA, MPUBOIAIINE K
WU3MEHEHUIO COCTOSHUS HIIM MECTOHAXOXKACHUS OPYAMs WIH IpeaMera
Tpyaa.

Cucmemubitli N0OX00 K UCCIEO08AHUIO CTOJNICHBIX CUCEM BKI0UAem
cnedyroujue 0CHOBHbIE IMANDL:

* pacCCMOTPEHHE CHCTEMBI KaK IeNoro, 00Jaaaloniero CBOMCTBAMH,
OTIMYAIOIIUMHUCS OT COBOKYITHOCTH CBOMCTB €T0 JIEMEHTOB;

* FICCIIEZIOBAHKE DJIEMEHTOB KaK CaMOCTOSATEILHBIX CUCTEM, a TaKXKe
paccMOTpeHHEe caMOM CHCTeMbl KakK 3JeMeHTa (IOJCHUCTEMbI) ApPYTroi
(Gomee ClI0KHON) CUCTEMBL;

* aHaJM3 BCEro MHOT000Opa3Hs CBOWCTB AJIEMEHTOB CHCTEMBI, OTHO-
LIEHUI MEX]ly HUIMHU U CBOMCTB CUCTEMBI B LIEJIOM;

* ONTHMU3AIMS CTPYKTYPHI M MPOLECCOB (HYHKIMOHUPOBAHUS CHC-
TEMBI IMyTEM TMOMYUHECHHS 3a/1a4 €€ 3JICMCHTOB OOINEH IeNIU, CTOSIICH
nepes CUCTEMO.

Hccnedosanue obvexma xax cucmemvl TPELyCMaTpUBAEcT NPEKAE
BCETO MOCTPOEHHE €0 MOJENN TEOPETUIESCKUM HIIH SKCIICPUMEHTAIbHBIM
MeTonoM. Mogens (onmucanne oObeKTa Ha TOM WIIM MHOM SI3BIKE) 0TOOpa-
JKaeT TPYNILy ero OCHOBHBIX CBOMCTB W MPEACTABISIETCS OOBIYHO B BUAE
DYHKYUOHATLHO20, MOPPONI0UHECKO20 U UHPOPMAYUOHHO2O ONUCAHUAL.

Mogenb ¢yukyuonuposanus obdvekma (QyHKyuoHanbHoe onucauue)
OIMCHIBAET N3MEHEHNE HEKOTOPBIX €r0 XapaKTEPUCTUK BO BPEMEHHU.

Mopdgonocuueckoe onucanue packpblBaeT CTpOCHHE OOBEKTa: €ro
3JIEMEHTHI, CTPYKTYpPY M CBS3H, CPEJH KOTOPBIX OOBIYHO BBIACISIOT UH-
Gopmayuonuvle, SHepeeMmuyecKue U eeuecmeeHHble.

Hupopmayuonnoe onucanue TOKA3bIBAET OPraHU3ALMIO O0BEKTa
KaK CHCTEMbI ¥ BO3HUKAIOLIME B HEH MH(POPMaIIMOHHbIE IOTOKH.

Cucmemubitl ananus Iggexmugnocmu GYHKYUOHUPOBAHUS 0ObEK-
MO8 OCYIIECTBISIETCS] C MIOMOIIBIO CHEIMATbHBIX TEOPETHYECKUX M JKC-
MEPUMEHTALHBIX METOJOB. DTH METOJIbl TIO3BOJISIOT BBIICISTH B3aUMO-
CBSI3aHHBIE 3JIEMEHTAPHBIE CTPYKTYPHBIE €AUHUIIBI (TTOJICUCTEMBI) 0OBEK-
Ta — 3man 0eKOMNO3UYUYU U CMpyKmypuzayuu; OUeHNUBaTh UX CBOMCTBA U
napamMeTphbl — 9man napamempuzayuy; yCTaHaBIuBaTh 3aBUCHMOCTH Me-
K1y TapaMeTpaMy MOACHUCTEM U JeHCTBYIOIIMMH BHEIIHUMH U BHYTPEH-



HAMH (QakTopamMu — sman udenmugpuxayuu (COOCTBEHHO IMOCTPOCHHUE
MaTeMaTHYECKOH MOJIEJH), a 3aTeM OCYNIECTBIIATh MCCIEeOBAHUE MOIY-
YCHHBIX MOJIEJICH N3BECTHBIMU METOJaMU aHAJIM3a U CUHTE3a.

TakuM 00pazoM, cucmemmuvli aHaiu3 exmodaem 6 cebs uemvipe
amana:

1) nocmanosxa 3adauu ucciedosarus (ONPEAETAIOTCS OOBEKT, HETH
Y 3aJ]a4d UCCIIEIOBAHNS, a TAKKEe KPUTEPUH IS U3YUICHHUS U YTIPABICHUS
00BEKTOM);

2) onpedenenue ecpaHuy uUy¥aAeMolu CUCMEMbl U e€ CMPYKMYpbl
(OOBEKTHI W TIPOIIECCHI, MMEIOIIFE OTHOIIEHWE K IMOCTABJICHHON 3amade
pa30buBarOTCs Ha M3y4aeMylo0 CUCTEMY M BHEIIHIOI cpenry). B atom ciy-
qae pa3lInvaloT 3aMKHYmble U omKpuimole cucmemul. [lpu nccnegoBannn
3aMKHYTBIX CHCTEM BIIMSHUEM BHEIIHEH cpelbl Ha UX MOBENEHHE Ipe-
HeOperarT. 3aTeM BBIICTSIOT OTACIbHBIE COCTABHBIC YaCTH CUCTEMBI,
JJIEMEHTHI U yCTaHABJIMBAIOT B3aUMOJIEHCTBHE MEXIy HUMH W BHEIIHEU
Cpenoii;

3) paspabomka mamemamuieckoeo ORUCAHUsL UCCAEOYeMOU CUCeMbl,

4) nposepka adexeamHOCMU MAmMeMamuyecko20 ONUCAHUSL U €20
YmouHeHue.

Ha sTom e aTarne npoBOJUTCS U COOCTBEHHO ONTUMU3AIUS CUCTE-
MBI 110 KaKOMY-JTHOO U3 BBRIOpaHHBIX KpUTEpHEB. B kadecTBe KpUTEpUEB
ONTUMU3AIMU Yallle BCET0 NMPUHHMAIOTCS: MHUHHMYM JHEpro3arpaTr Ha
MIPOBEJICHNE TIpoIlecca WM MUHHMYM TNPUBEAEHHBIX 3aTPaT, KOTOPBIH
BKIJIFOYAEeT B ce0s KaK dHepro3arpaThl Ha MPOBEICHHE Mpollecca, TaK U
3aTpaThl Ha U3TOTOBJICHUE U DKCILTyaTalluIo 000pYyI0BaHUSI.

1.8. HanpaByieHue U 3TaNbl HAYYHOT0 HCCJICAOBAHUS

Hayunoe uccneoosanue — n3ydeHue pa3InIHBIMHA HayIHBIMH METO-
JlaMH TOTO WJIM MHOTO SIBJIEHUSI MJIK MpoLecca.
L]env nHayunoeo uccredosanus — TMONyISHUE €Ie HEM3BECTHRIX 3HA-
HUI O SIBJIEHUM WIM IPOLIECCE U JajbHEUIEe MOJE3HOE UCIOIb30BAHUE
3THUX 3HAHUH B MPAKTUUECKON AEATEIbHOCTH.
Hayunoe uccnenoBanue uMeeT IBE COCTABISIOLIUE:
* 00BEKT HAYYHOT'O UCCIIEOBAHUS;
* IpeIMET HAYYHOT'O UCCJIeIOBAHUSI.



[Mon 06wexmom HaydIHOTO MCCIIeJOBaHNSI MOHUMAIOT MaTepPHAIBHYTO
CHUCTEMY, a TIOJ npeoMemoM — CTPYKTYPY 3aKOHOMEPHOCTEH B3anMOJei-
CTBHSA DJIEMEHTOB ((PaKTOPOB) ITOH CUCTEMBI.

U3zBecTHa Ki1accuUKALUs HAYYHBIX UCCIIEOBAHUI IO BUIAM:

1) cBsI3b C IPOU3BOJICTBOM;

2) LeneBoe Ha3HAUEHHUE;

3) ucCTOYHHUKH (PUHAHCHUPOBAHMUSL.

[Ipu BRIMOTHEHUH HAYYHOTO UCCIIEIOBAHUS B PaMKaX OakalaBpCKOM
BBIITYCKHOM pabOTHI M0 HanpasieHuio «KOHCTPYKTOPCKO-TEXHOIOTHYeC-
Koe oOecrieueHue MallHHOCTPOUTEIbHBIX MMPOU3BOJICTB» PE3YIIbTATHI 0Y-
JIyT HATPaBJICHBI HA CBSA3b C MMPOU3BOACTBOM (pa3paboTKa HOBBIX TEXHO-
JIOTHYECKHUX CIOCOOO0B, KOHCTPYKIHI DJIEMEHTOB TEXHOJIOTHYECKUX CHC-
TEM, TEXHOJOTMYECKHX DPEKOMEHIANWH, MPEIUIOKEHHsI 10 TOBBIIICHUIO
TEXHUKO-IKOHOMUYECKOH 3P PEKTUBHOCTH U JP.).

KitoueBbIM B HayYHOM HCCIICIOBAHUM SIBIISIETCSA BBIOOp TeMBI. Tema
HAY4HO20 UCCAe008aHUs — STO OTPAXKEHNE HEKOTOPOil Hay4HOI mpolie-
MblL. [IpuBeIeM HECKOIBKO IPUMEPOB:

1) moBbIlIEHUE TMPOU3BOAUTENFHOCTH M KadeCTBa AIIEKTPOXUMHYE-
CKOW pa3MepHOW 00pabOTKM KPYIMHOTAOAPUTHBIX HeTajleil B ITyIhCH-
pyrotelt paboyeii cpene;

2) TOBBIICHHE TOYHOCTH M TMPOU3BOAUTEIBHOCTH (pe3epoBaHHS
MPOCTPAHCTBEHHO-CIIOXXHBIX MMOBEpXHOCTEN Ha cTaHkax ¢ UITY;

3) coBepuIeHCTBOBaHHE Tporiecca 00paboTku 6apenbedoB ¢ yaeTom
HUX ONTUYECKUX CBOWCTB;

4) moBbImIeHne 3¢GGEKTHBHOCTH OOpabOTKH 3aroTOBOK APOOBIO H
YIIy4YIlIEHHE YCIOBHIA TPya ONepaTOpOB;

5) TeXHOJOTWYecKrue BO3MOKHOCTH TPOLIECCOB 3yOOHApe3aHus -
JTUHIPUYECKUX KOJIEC;

6) ymnpaBiieHHEe TTapaMeTpaMu KavyecTBa Hape3aeMbIX KOJIeC TpH 3y-
0omosOieHN Ha OCHOBE MHOTOMEPHOTO OTOOpa)keHHus mpoliecca oopa-
0O0TKHU;

7) obecrnieueHHEe TOYHOCTH IWIIMHAPUIECKUX 3yOUaThIX M3AEIUil Ha
OTepalusIX JIEKTPOIPO3UOHHOTO BBIPE3aHUs, BHIOTHAEMBIX Ha CTAHKAaX
c UIly.

B pamMkax Tembl Hay4YHOrO HCCIEIOBAaHUS HEOOXOJHMMO TOIYUYUThH
OTBETHl Ha HEKOTOPBI KPYr HAYYHBIX BONPOCOB HJIM HAy4YHBIX 3ajad.



Camoe riaBHOE, YTOOBI BRIOpaHHAS TeMa HAyIHOTO WCCJICIOBAHUS OTBE-
Yaja cleayIonuM TpeOOBaHUIM:

* aKTyaJbHOCTB;

* HAy4YHAasl HOBU3HA;

* IPaKTUYECKas [IEHHOCTb.

AxmyanbHocmy OTIpeAeNsieT BaKHOCTh, 3HAYNMOCTh HAyYHOU PaOOTHL.

Hayunas nosuszna — HoBoe B HayKe (HOBasi METO/IMKA WIIM METOJUKU
pelIeHus 3a1a4u, KOTOpbIe 00Jiee MOIHO W JOCTOBEPHO BBISBIISIOT 3aKO-
HOMEPHOCTB MPOTEKAHMS TOTO MM WHOTO MPOLEcca HITH SBIICHUS).

Tpaxmuueckas yeHHOCMb TIONTBEPIKAACTCSI, KAK MPABIJIIO, HATUIUEM:

* TEXHOJIOTHYECKUX PEKOMEHIAINN IO yCIOBHSIM MPOTEKAHUS MPO-
necca;

* HOBBIX KOHCTPYKTOPCKHX PEIICHUM, Ha KOTOPbIE UMEIOTCS TAaTEHTHI;

* OPUTHHAILHOTO TPOTPAMMHOTO OOECICUYCHUs JUJIs PelIeHUs 3a-
Jad HAyYHOTO UCCIIEOBAHUS U MIPUHATOTO K MPOMBIILICHHOMY HCITOJb-
30BaHUIO;

* TEXHUKO-3KOHOMHYECKOTO 3((eKTa OT BHEIPEHUS NpeiaraeMbIX
peLIeHui B IPOU3BOJCTBO.

B kayecTBe mpuMepa MOKHO MPHUBECTH BBIIEPIKKY M3 aBTOpedepaTa
JUCCEepTallid Ha COMCKaHHME YYCHOH CTEeIeHW KaHIUAaTa TEXHUYECKUX
Hayk o Tteme «O0ecneueHre TOYHOCTH IUIHHAPUYECKUX 3yOdaThIX H3-
JIeNTUA Ha OTepanusix SJICKTPOIPO3UOHHOTO BBIPE3aHHS, BBIMOIHIEMBIX
Ha ctaHkax ¢ UITY», B KOTOpOii MOATBEPKAAECTCS aKTyalIbHOCTh, HAyYHAS
HOBH3HA M MIPAKTUUECKas IEHHOCTH PaOOTHI.

AxmyanvHocms membl. B TIOCIIeIHEE BpeMs BO3pacTacT BHUMAaHHE K
3JIEKTPO3PO3MOHHOMY 3yOOBBIpE3aHHIO KaK croco0y, KOHKYPEHTOCIO-
cOOHOMY B psijie CJIy4aeB IO OTHOIIEHHUIO K 3yOodpe3epoBaHuio u 3y00-
TONONEHUIO TIPU HW3TOTOBNeHWH 3yOuarhix m3menuii (3M) He TonmbKO B
€IMHUYHOM ¥ MEIKOCEpUHHOM MPOU3BOJICTBE, HO W NPU JOCTATOYHO
OosbIIMX 00BeMaXx BBITyCKa MPOLYKIHH.

OfHAaKO 70 HACTOSIIIETO BPEMEHH OTCYTCTBYIOT HAYYHO OOOCHOBAH-
HBbIE PEKOMEHJAIUK 0 MPOCKTHPOBAHUIO TEXHOJOTHUHU 3JIEKTPOIPO3HOH-
HOIl 00pabdotku (320) 31 — BBIOOPY TEXHOJIOTHYECKOTO 000pYIOBaHUS,
peXUMOB 00pabOTKM u pa3paboTke ympaBisonmx mnporpamm (YII) mms
crankoB ¢ UIIY, obecneunBaromyx nomydenue 31 TpeOyemMoil TOUHOCTH.
Het u cucreMaTu3npOBaHHBIX JIAHHBIX MO TEXHOJIOTHYECKOH ce0eCTOMMO-



CTH, SHEPTOEMKOCTH W MPOHM3BOJAUTEILHOCTH OMEpaIfid IEKTPO3PO3HOH-
HOTO 3yOOBBIpE3aHHsI, YTO CAEP’KUBACT MCIIOIB30BAHNE B MTPOMBIIIIICHHO-
CTH 3TOTO MIPOTPECCUBHOTO criocoba 3y00hopMoodOpa3oBaHusl.

Hayunas nosusna. 1. Pazpaborana MeTonuka onpeaesieHuss Heo0Xo0-
quMoro grcia GopmMooOpa3yromux ToueK V| TOPIIOBOTO 3BOJIEBEHTHOTO
npoduins 3yda 31 ¢ BHemHMM W BHYTpeHHHM 3B mcxoxas u3 3amaHHOMN
TOYHOCTH.

2. Pa3paborana MeTOAMKa OLEHKH TOYHOCTH (POPMBI U B3aUMHOTO
pacronoxeHus: OOKOBBIX MOBepXHOCTel 3yObeB 31 Ha omepaunuu smek-
TPO3PO3UOHHOTO 3yOOBBIPE3aHMsl, BHIMOIHICMOMN Ha cTanke ¢ UITY, mpu
Pa3IMYHBIX YCIOBUSX.

3. TlomyueHbl 3aBHCMMOCTH AJISl pacyeTa MOTPEHIHOCTH Npoduis
3y0a M OTKJIOHCHUS I11ara 3aleryICHHUS.

4. IlpemioxxeHbl 3aBUCUMOCTH Ul pacdera KOOpAMHAT TOYEK Tpa-
eKTOpUH TIepeMelleHus deKTpoaa-uHcTpymenTta (QU) mpu snexTpospo-
3MOHHOM BBIPE3aHUM Hapy>KHBIX M BHYTpeHHHX BeHI0B 3U, u cocrasie-
Ha IporpaMma aBTOMAaTU3UPOBAHHOTO pacyeTa 3TUX KOOPAWHAT Ul pas-
pabotku YII ans crankos ¢ UITY.

Pa3paboTanHble MaTeMaTH4YeCKHE MO HPOILIA SKCIIEPHMEHTAb-
HYIO TIPOBEPKY, KOTOpasl MoKasajla MX aJeKBaTHOCTh PEaJIbHBIM YCIOBHUSIM
TpoIIecca AMEKTPOIPO3UOHHOTO 3yOOBBIpe3aHus Ha cTaHkax ¢ UITY.

Tpaxmuuecxas yennocmo u peanuzayus pabomol. 1. C TOMOLIBIO OpU-
THHAJIBHOTO POrPaMMHOT0 oOecriedeHusl pa3paboTaHbl PEKOMEHIALNN:

e 110 BEIOOPY urcaa GopMO0OPa3yOIMNUX TOYEK TOPIIOBOTO MPOQHIS
3y0a MpH pa3IMyHBIX YCIOBUSIX AJIEKTPOIPO3ZHOHHOTO 3yO00oBhIpe3anus 31U
(koJtec) pa3mMUHOM TOYHOCTH Ha cTaHkax ¢ UITY;

e 1o pasmepam 3, pu 330 koTopseix Ha ctankax ¢ UIIY pazmuu-
HBIX MOJeJieli oOecriednBaeTcs uxX 3aJaHHast TOYHOCTb;

e 110 pazmepam 3U, npu 930 KoTOpBIX NMpoBONOYHEIM DU onpene-
JICHHOTO TMaMeTpa yAelbHbIe SHepro3aTpaTsl OyAyT PaBHBI M MEHBIIIE
9HEpro3arpar Ha Hape3aHHue 3yObeB JIE3BUITHBIM HHCTPYMEHTOM.

2. Peanuzanus cnoco6a KOHTYPHOTO 3JIEKTPO3PO3HOHHOTO 3yOOBBI-
pe3aHusi B MPOMBIIUICHHOCTH 00€CTIeYnBaeT COKpalleHue (IpHu ompene-



JICHHBIX YCJIOBHAX) 3aTPaT MO KPUTEPHUIO MOJHOM TEXHOJOTHYECKOH ce-
6ecTonmocTH 3ybodopmoobpazoBanus B 1,1-2,5 pasa.

3. TlpuHATEI K NPOMBIIUICHHOMY WCIOJIb30BAHUIO B CTaHKO-
WHCTpyMeHTaIbHOM Tpon3BoacTBe OAO «YA3» TexHOIOTHYECKHe pe-
KOMEH/JIAIINH T10 YCIIOBHSM DJIEKTPOIPO3UOHHOTO 3yOOBBIpE3aHHs U TaKeT
MporpaMM aBTOMATH3HPOBAHHON TEXHOJIOTUYECKOH MOATOTOBKU MPOLIeC-
ca 3yOOBBIpE3aHU».

K omanam Hay4yHOTO HCCIIETOBAHUS OTHOCSTCS:

1) BBIOOD TeMBI,

2) ananu3 (0030p) IUTEPATyphl ¥ APYTHX UCTOUYHUKOB (IIOMCK, MOJI-
00p 1 U3y4YeHUE; KPUTUICCKUI aHai3 — JOCTOMHCTBA U HEIOCTaTKH CY-
HIECTBYIOIIMX PelICHUI Ipo0JieMbl; 0000IICHUE HHPOPMAIIHH);

3) mocTaHOBKA 3aJa4d WM 33Aay (1IeJb W 3aJaud; MyTH PElIeHHUS;
yCTaHOBJICHUE JIOMYILEHUH U OTPaHUYCHUH Ha pelIeHue; BHIOOP METOI0B
Hay4YHOT'O UCCIEIOBAHNUS);

4) TeopeTuueckuil aHanu3 (IOMCK HAay4yHOH HIeH; QOpMyITUPOBKa
HAY4YHOH T'MIIOTE3bl; CO3aHUE MOAEIH HCCIIEeIyeMOro MpoLecca; BhIYHC-
JICHUS M aHAJIN3 PE3YyJIbTaTOB MO HMPEATIOKEHHBIM MOJAECISIM);

5) mpoBeaeHUE IKCIEPUMEHTa (LIeNH, 3aJa4d U TUIAHUPOBAHHE; Me-
TOOUKA IKCIIEPUMEHTa M H3MEPEHMH; OIICHKa IOCTOBEPHOCTH H3MEpe-
HU; cO3MaHUE SKCIEPUMEHTAILHONH YCTaHOBKHM; MPOBENCHUE HKCIIEPH-
MeHTa; 00pabOTKa TaHHBIX ),

6) aHanmu3 pe3yJbTATOB HAayYHOTO HCCIEAOBaHUA (COMOCTAaBIICHHE
Pe3yIbTaTOB TEOPUH C NMPAKTUKOW M OLEHKA aJleKBATHOCTH; YTOUHEHHE
MoOJIeNeil B Ciy4ae HeMOATBEP)KACHHUS aleKBaTHOCTH; YMO3AaKIIOUCHUS 110
pabore);

7) OLIEHKa MPAaKTUYECKOH LIEHHOCTH HAY4YHOI'O HCCIeNoBaHus (pac-
4YeT TEXHUKO-3KOHOMHYECKOH 3((EKTUBHOCTH MpeIaraeMblX peLICHuil;
(dbopMynHupoBaHHE NPAKTHYECKUX PEKOMEHIALMH AJIsl TPOU3BOCTBA);

8) BHe#peHUe pe3ynbTaTOB HAYYHOTO MCCIEIOBAaHUS B IPOU3BOJICT-
BO (aKT ONBITHO-IIPOMBIIIJICHHON anpo0anuy U BHEIPEHUs]).

Peanu3zanus Bcex 3TanoB HAyYHOI'O HCCIIEIOBAHUS MO3BOJIIET B Lie-
JIOM TIOATOTOBUTH 3aKOHYCHHYIO HAy4YHYIO paboTy, B TOM YHCIIE HAa yPOB-
He 0aKaJaBpCKO BBITYCKHOM pabOThI MIIM MarucTepCKOM quccepTanuu.



1.9. PaGora ¢ HayuyHo#i uH(opmaumei

N3yueHne HayyHOM nMTEpaTypbl, NATEHTHOW M JPYrol Hay4dHO-
TEXHUYECKOW MH(POPMALIUU — 3TO BAXKHBIN 3TAll B MPOBEJACHIH HAYIHOT'O
uccnenoanus. Onupasch Ha HAYYHO-TEXHUYECKYIO UH(OPMAIIHIO, MOX-
HO peasn30BaTh 00001IeHNe, BBITIOIHATH aHATN3, BBIIBUTH MIPOOIEMY.

[Ipy BBIONHEHNH HAYYHOTO HCCIICAOBAHUS OTNEPUPYIOT MOHATHEM
Hayynwlti 0okymenm. Ilo CyTH Aena 3TO MaTepUallbHBIA OOBEKT, conep-
KAl HayYHO-TEXHUYECKYIo HH(opMalnio U npeaHa3HaueHHBIH U1 ee
XpaHeHUs] W HWCMONb30BaHMsA. HaydHbBI JOKYMEHT OBIBaeT nepeuuHulM
U GIMOPUHHBIM.

K nepsuunviv HayqHBIM JOKYMEHTaM OTHOCSITCSL:

* KHUTHY, OPOILIIOPHI, KOTOpPBIE OBIBAIOT HAYYHBIMH, yYEOHBIMH, HAYYHO-
NONyJSpHBIMA  (MOHOTpauy, COOPHUKH HAay4YHBIX TpPYIOB, YYEOHHKH,
yueOHbIe TOCcOOuS, KypChl JIEKIHH, yaeOHO-METOANIECKUE YKa3aHusl);

* 3aKOHOJATeNbHBbIC, HOPMATUBHBIC M TUPEKTHBHBIC (TEXHHYECCKHE
perinaMeHThl, HallMOHAJIbHBIE CTaHAApTHl, CTAHIAPTHl OpraHU3alMU, TO-
CyJapCTBEHHBIE CTAaHIAPThI, HHCTPYKINH, IPaBUIa, METOIUKH);

* IEpUOJNYECKUE N3AaHUs (KYpHAIbL);

* JUccepTaluy 1 aBTopedeparsl AUccepTalni;

* MaTeHTHasl JOKYMEHTalus (aBTOPCKHE CBUAETEIBCTBA U MATCHTHI
Ha croco0 MM yCTPOHCTBO, MATEHTHI Ha TIOJIE3HYIO MOJIEIIB);

* OTYETHI 0 HAYYHO-HCCIIEA0BATEIbCKON pabore.

K 6mopuynviv HayqHBIM JOKyMEHTaM OTHOCSTCSL:

* CIIpaBOYHBIC U3JaHUS (CIIPABOUYHUKH);

* 0030pHBIE W3OaHus (aHAMUTHYECKHE, pedeparsl, Oubanorpaduye-
CKHie 0030pHI);

* obubnmorpadudeckne ykazarenu (anpaBUTHBINA, CHCTEMAaTHIECKIIA,
a(haBUTHO-TIPEAMETHBIN).

[TomyunTs AOCTYHI K MHTEPECYIOLUIMM HayYHBIM JOKYMEHTaM MOXKHO
yepe3 HayuHyIo OMOJIMOTEKY WM HHTEPHET-PECYPCHI.

W3yuyeHne HayyHOro TOKyMEHTa OCYILIECTBISIOT B /1B 3Tana. B pam-
Kax IEepBOro 3Tama peanusyercs Oeraoe MpouTeHUe WM MPOCMOTP JOKY-
MEHTa, 4TO AaeT olliee mpeicTaBieHue 00 M3ydaeMoOM MaTepuane, e€ro
o0beMe, CTPYKType, CTHIIE H3JI0KEHUS], BBIACIAIOTCS U3 TEKCTa 3HAKOMBIE



Y HE3HAKOMBIE TIOJIO)KEHUSI, TIOHATHUS M HEMOHSATHBIE MecTa. B paMkax BTO-
pOro 3Tama peanu3yercss BAYMYHBOE YTEHHE HAyYHOTO JTOKYMEHTa C Oc-
MBICJICHUEM €T0 CYTH, JIENIAIOTCSI HEOOXOTUMBIE YMO3AKITFOUEHHS.

Haubomnee OBICTpBIN MOWCK HMHTEpECYyIOmed HHPOPMAIMA MOKHO
peanmzoBaTh Yepe3 pedepaTuBHbIE KypHaiIsl. Hanpumep, ams Hampase-
HUS «KOHCTPYKTOPCKO-TEXHOMOTHYECKOE O0ecleueHue MaIlInHOCTPOH-
TENLHBIX TIPOU3BOJICTBY» pedb MOXKET WATH O pedepaTHBHOM >KypHase
«PX TexHomnorus MalmMHOCTPOCHUS.

W3 nepuonnveckux M3gaHuil ()KypHajoB, COOPHUKOB HAay4HBIX CTa-
Teil), OTHOCAIIMXCS K MEpBUYHBIM HAYYHBIM JOKyMEHTaM, cleqyeT oOpa-
TUTh 0C00O€ BHHMaHHWE Ha JXypHaJbl: «BecTHHUK MaIlIMHOCTPOCHUS,
«MammuHocTpouTenby, «Metamnoo0padoTkay, «TeXHOJIOrus MalInHO-
cTpoeHus», «HaykoeMkne TexHOJOruu B MammHocTpoeHun», «CTUH»,
«CnpaBounuk. MmxenepHsiii xypHam», «KonTpomb. Jlnarsoctukay,
«YTIpOYHSIOMKE TEXHOJIOTHU U MOKPHITUs», «BectHuk Camapckoro ro-
CYJIJapCTBEHHOTO TEXHHUYECKOro YHHBepcureTa», «BectHuk Tomckoro
MIOJIMTEXHUYECKOTO YHUBEpCUTETa», «BecTHuk TodBATTHHCKOTrO rocy-
JApPCTBEHHOI'O YHUBEPCUTETa», «BeCTHUK YIIBIHOBCKOrO rocyaapCTBEH-
HOT0 TeXHHUYECKOTo yHUBepcuTeTan, «BectHuk MI'TY “CTAHKHH».

Ombop u oyenxa pakxmuyeckozo mamepuana. Bo3M0OXXHO, 4TO 4acTh
MOJTYYEHHBIX IIPU YTEHUH Hay4HOH JIMTEPATyphl JaHHBIX OKa)KeTCsi Oecto-
JIE3HOH, O4YeHb PEIKO OHM MCIOJB3YIOTCS MOIHOCTHIO. [ToaToMy Heobxo-
IUM HUX TLIATeNIbHBIH 0TOOp M omeHKa. HaydHoe TBOpUECTBO BKIFOUYAET
3HAYUTENBHYIO YacTh YEPHOBOW pabOTHI, CBA3aHHOH C MOJ0OPOM OCHOB-
HOH ¥ JOTIOJTHUTEILHOW HH(POPMAITHH, €€ 0000IIEHUEM H TTPEICTABICHUEM
B ¢opme, yIoOHOH IUIsl aHam3a U BbIBOOB. HykHO oTOMparh He nMto0Obie
(axTsbl, a ToNbKO HayuyHble (akTsl. [loHATHE «HAY4YHBIA (AKT» 3HAUUTEINb-
HO IIMpEe U MHOTOTPAHHEE, YeM MOHATHE «(paKT», MPHUMEHIEMOE B OOBI-
JeHHOH kw3HU. HaydHbie GakThl XapaKTepH3yIOTCS TaKUMH CBOMCTBAaMH,
KaK HOBH3HA, TOYHOCTb, OOBEKTUBHOCTh M JIOCTOBEpHOCTh. HOBU3HA Ha-
YYHOTo (hakTa TOBOPUT O MPHHLHUIMAILHO HOBOM, HEM3BECTHOM JO CHX
op TIpeaMeTe, SIBIEHUH WK Iporecce. TO He 003aTeNbHO HAYYIHOE OT-
KpBITHE, HO 3TO HOBOE 3HAHHE O TOM, YETO MBI JI0 CUX HIOP HE 3HAJIH.



Hakorutenne Takoil mpeaBapuTenbHON WH(GOpMAIMN — HE MEXaHH-
YECKUi, a TBOPUECKUN TIPOIECC, TPEOYIONINI 1IeJIeyCTPEMIICHHON YHEp-
MM, HACTOMYMBOCTH M TBOPYECKOHM CTpacTU. YUEHBIN MOX0X Ha CTPOU-
TEJsI CIIOKHOTO W OPUTHHAIIFHOTO COOpyskeHus. bepexxHo u 11060BHO OH
coOupaer Hy>KHbIE CTPOUTEIbHBIE MaTepHAIIbI, BCE CKIIAJBIBAETCS B CTPO-
TOM U ompeaesneHHoM nopsake. He 6ena, ecnu matepuainsl cOOpaHbl B He-
KOTOPOM H30BITKE, JIUIIH OBl HEe OBUTO B HUX HEAOCTATKA.

CoOpaHHy0 TIEPBUYHYIO HAYYHYIO WH(GOPMAIHIO CICAYET PErucT-
pupoBaTh. POPMBI €€ PETUCTPALUU PA3TUUHBIL:

* 3aMMCH CaMOT0 Pa3IMYHOTO XapakTepa, B TOM YHCIE BBITUCKU U3
MPOTOKOJIOB OTBITOB, 3aceiaHuii Kadeapsl (1Tabopatopuu), HaOIMOJeHUI
B J1a0OPaTOPHBIX KypHaNaX, U T.IL.;

* oopmieHHe HOBOW MH(OpMAIMK Ha CHENHANbHBIX ONaHKaX, aH-
KeTaX, CTAaTUCTUYECKHUX M IPYTHX KapTOuKax, 00pa3ylolMuX B KOHEYHOM
pe3ysibTaTe TEMaTHYECKYI0 KapTOTEKY;

* peructpauus Hay4dHoi uH(opMmanmu Mmerogamu ¢oTorpadum,
pentrenorpaduu, ocuniorpaguy, NpUeM CUTHAIOB Pa3IMYHBIX JaTdH-
KOB M PETHCTPALIUs UX CaMOIUCIIaMH;

* rpadMKH, PUCYHKH, CXEMBI U ApYTHe Tpaduieckue MaTepuabl;

* pacueThl, BBIITOJHEHHBIE C TOMOLIbI0 KOMITBIOTEPOB;

* Hay4YHbIE OTUETHI;

* MaTepuanbl KOHCYJIbTAllMil U OT3BIBBI CHEIMATUCTOB MO0 HAYYHBIM
pe3ynbTaTaMm;

* BBIMNCKH U3 aHAJIN3HPYEMBIX TOKYMEHTOB, JUTEPATyPHBIX UCTOY-
HUKOB (cTaTeil, KHUT, aBTOpedepaToB, AuccepTauuii u ap.).

OnHOBPEMEHHO C perucTpanueil coOpaHHOrO MaTepHuajia CleAyeT
BECTH €ro IPyMNIUPOBKY, COMOCTABIIATh, CPABHUBATDH IOJNyUYCHHbIE HUQ-
poBbIe naHHbIE U T.I. [Ipu 3TOM 0CcoOyr0 poisib Urpaer kiaccupukamnus,
0e3 KOTOpOoil HEeBO3MOXKHBI HAYYHOE OCTPOEHHUE WM BBIBOLL.

Knaccudukanus maer BO3MOXHOCTh Hanbojee KOPOTKHM M Ipa-
BUJIBHBIM ITyTE€M BOWTH B KPYI' paccMaTpUBaeMbIX BompocoB. OHa obier-
4aeT MOMCK U TIOMOraeT YCTaHOBUTh paHEe HE 3aMEUEHHBIE CBA3H H 3aBH-
cumoctu. Knaccudukanuio Hago nNpoBOOUTH B TEUSHHE BCETO Ipolecca



HU3YUCHHUA MaTcpuaa. Ouna sBisteTcs OZ[HOI7[ M3 LCHTPAJIBHBIX U CYIIECT-
BEHHBIX YacTel 00IIei METO0NIOTUH TF000Tr0 HAYYHOTO UCCIIEIOBAHUSI.

IIpomecc cbopa, ukcanuu, XpaHeHUs] W Kiaccu(pukanmuy NepBUd-
HOW Hay4yHOH MH(OpMaIMU KeIaTeiabHO 3aBEPIINTh HAIMCAHHUEM LeJIo-
CTHOTO 0030pHOTO TEKCTa, 000OMIAIOMIET0 U CUCTEMATH3UPYIOIIETO Ta-
KYI0 HH(POPMAITHIO.

1.10. DnexTpoHHbIe GopMbI HH(POPMALMOHHBIX PeCypcoB

B nHactosimiee Bpemsi B Poccnm HakoIUIeHBI OTPOMHEBIE 3artachl WH-
(hopmarnu, CoCpeI0TOYCHHON B Pa3HOOOpa3HbIX 0a3ax U 0aHKaxX JaHHbBIX,
Ha guckerax, CD u DVD, Ha npyrux HOcutTensax mH(popManmu. JTa UH-
(hopMartis IPUMEHSETCS TTOBCEMECTHO — B OMOJIMOTEeKax, HHPOPMAITHOH-
HBIX LIEHTpaX, My3esiX, apXuBax, 00pa30BaTENbHBIX YUPESKACHUAX H JPY-
THX OpPTaHU3aIHsIX.

baza dannvix (BJ]) — 5T0 HabOp MAHHBIX, MOCTATOYHBINA IJIT JOCTH-
KCHHUSI YCTAHOBJICHHOW IIETIM W IPEJCTaBICHHBIA HAa MalIMHOYHTAEMOM
HOCHTEJIE B BHJE, TO3BOJISIONIEM OCYIIECTBISITh aBTOMATU3UPOBAHHYIO
repepaboTKy coaeprkarieiics nHGOpMAaITHIH.

banx dannwvix (bull) — 310 aBTOMaTH3MpOBaHHAS MH()OPMAIIMOHHASL
CUCTEMA, COCTOAIIAs U3 OJHOM MM HeckKoabkux B/l u cuctemsl xpaHe-
HUs1, 00padOTKU M IOMCKa HH(POPMALIUH.

Hcnonw3ytotes pazauunslie b1 (puc. 1.3.):

® Joxymenmanvivle (3aNUCh OTPa)XKaeT JOKYMEHT, COJIEPKHT €ro
oubnrorpapuvecKkoe OMucaHue 1, BO3MOXXHO, HHYIO HHPOPMAIIHIO);

® oubnuocpaguueckue (NoOKymMeHTanbHble B/, B KOTOpBIX 3amuch
COJIEP)KUT TOJILKO OUOIHoTpaduieckoe onmucanme);

o pechepamugnvie (TOKyMeHTabHbIE B/, B KOTOPBIX 3amKCh CO/IEp-
KUT OMOIHOTpaduIecKue JaHHbBIE, pedepaT WIH aHHOTAIIHIO);

® noiHomekcmossle (MOKyMeHTanbHbIe bJl, B KOTOPBIX 3aIliCh CO-
JEep>KUT TOJHBIA TEKCT JOKYMEHTa WM ero Hambojee MH(OpMAaTUBHBIE
4acTH);

o cunepmexcmosvie (BJl, B KOTOpPBIX 3alUCh COAEPKUT HH(POpPMa-
[IIO B BUJIE TEKCTa Ha €CTECTBEHHOM S3bIKE M yKa3aHUe Ha CBS3H C JAPY-
THUMHU 3alUCSIMH, MO3BOJISIIOIIMMH KOMIIOHOBATh JIOTUYECKU CBS3aHHBIC
¢parmentsr B1);



e nepguunvie unu gaxmoepaguuecxkue (bJl, conepxamme nadOp-
MallM0, OTHOCSIIYIOCS HEMOCPEICTBEHHO K JTaHHOW MpPEIMETHOW 00-
JACTH) U JIp.

_.l HokymeHTallbHblE |

—’l bubnuorpaduueckue
—pl PedeparuBHbie

—bl [MonnorexcToBbie |
—hl ['uneprexcroBeie I

—bl daxTorpaduueckue |

ba3zbl nanHbIX

Puc. 1.3. Knaccudukarus 6a3 gaHHBIX

Camoe mraBHOE B 6a3axX MaHHBIX — HAJEKHOE IIPOrpaMMHOE o0ecTe-
YeHHE W MOCTOSHHOE ONEepaTUBHOE WX OOHOBIEHHE (aKTyalu3anus CBe-
JISHUH).

B Poccuiickoii kHMXHOU Tanare co3fgaH OaHK JaHHBIX TOCYIapCT-
BEHHOI Oubamnorpaduu, B KOTOPOM ecTb aBTopuTeTHbIe bH/I, comepxarine
3aITUCH C MOJTHOW MH(OpMAIIMEH 0 COUMHHUTENSAX U X MPOU3BEACHUSIX:

* UMsI MHOMBHAYAJIBHOTO aBTOpa B (pOpMeE ISl 3arojoBKa OMUCAHUS,
Kpatkas ouorpaduueckas cripaBka, TeMaTHUYECKas HAPaBJICHHOCTh padoT;

* IPUHA]JIEKHOCTh aBTOpa K CTpaHe;

* A3BIK TEKCTa OpUTHHAJIA IPOU3BEACHUS;

* cBeZIeHUS O (POPMYJIMPOBKE CCHUIOYHBIX 3aIMCEH OT YCTaHOBJICH-
HOW ()OPMBI 3arojOBKa OMHCaHUS K IPYyrod Qopme, HCIOIb3yeMOi pa-
Hee, MEeHee pacpOCTPaHEHHOH U T. 11.;

* IPOM3BEECHNS aBTOPA, 3aperucTprpoBansele B PKII ¢ 1998 r., ¢ yka-
3aHMEM CBEJICHHHM, XapaKTEepU3YIOLIMX W3AaHHA C TOUKU 3pPEHUs] OXpaHBI
ABTOPCKOTO TpaBa. 3aTeM JaeTcs epeueHs padoT aBTopa u3 b/l rocynaper-
BeHHoH Oubmmorpadun PKII (HaunHas ¢ 1992 1.).

Otnen xatanormsauuu PI'b pacnonaraer B/l « ABTOpsl 0cOOBIX Ka-
TEropuii», B KOTOPOH coAepkKaTcs 3alUCH O TPAaBUTENAX U PEIUTHO3HBIX
JIesTeNsIX, OCTABUBLINX 3aMETHBIN CJell B POCCUMCKONW U BCEMUPHOM HC-



topuu. bl dopmupyercs Ha OCHOBE SHIIUKIONEANYECKUX M3TaHUN U MH-
dhopmariu w3 XpaHAIUXCs B OMOIMOTEKEe KHUT, TOTIONHASTCS U PACIIH-
pAeTCst KaXKIbli J€Hb.

3amucu comepKaT HOPMATHUBHBIN 3arojOBOK, TIPUTOMHBIN IS
BKJIIOUEHHSI B OnMOnmorpaduyeckoe OmucaHue MM CIOBapHYIO CTaThIO,
Jpyrue u3BecTHbIC (JOPMBI IMEHH aBTOPA, CCHUTKM HAa UCTOYHHKH, B KO-
TOPBIX HaiineHa nHpopManus 00 aBTope, U Ha MPOCMOTPEHHBIE HCTOYHHU-
KH, B KOTOPBIX Takas nHpopManus He oOHapykeHa. B 3Toil xe 6ubmmo-
Teke co3fgana b/l «bubmmnorexu MockBe», a B Poccuiickoit rocymapcer-
BEHHOH IoHomeckoil Oubmumorexke — BJl «OOpazoBanne B Poccum».
Cy1ecTByeT TakKe MHOYKECTBO JAPyTHX 0a3 U OaHKOB JTaHHBIX.

Kpome 0a3 u 0aHKOB JaHHBIX, aKTHBHO UCIOIb3YIOTCS KOMITAKTHBIE
ontuyeckue AUcku — CD, Ha KOTOPBIX BBITYCKAIOTCS, Hal[pUMep, MHOTO-
TOMHBIE SHIMKIONEANH M Oubnuorpaduueckue mnocobus. Hampumep,
y’Ke ecTh CBOJHBIE KaTaymoru 6a3 manHeix Ha CD, uMmerommuxcsi B KpyI-
Helmmx oubnuorekax Poccun (Beimycka PI'B).

K 37eKTpOHHBIM HCTOYHHKaM HH(GOpPMALUHU CIEAyeT OTHECTH pa-
I1o- U Teneseulanue, VHTepHeT, a Taxke MHYI0 HH()OpMAIHIO, pacipo-
CTPaHAEMYIO B 3JIEKTPOHHOM BHJIE (B TOM YHUCIIE HA Pa3IMUYHBIX KOMIIBIO-
TepHBIX HocuTeNsX). Kak HU cTpaHHO, HO HAaHOOJBIIEH MOMYIIPHOCTHIO
y HUCTOJHUTEJCH MHCBMEHHBIX pabOT CEerofHs MOJb3YeTCS «PYCCKHUID»
Untepuer. U, B 0011eM-T0, MOHATHO MOYEMY: B MAaCCOBOM CO3HaHHMU OH
YK€ TaBHO BOCHPMHHMMAETCs HEe MHaye Kak OC3IOHHBIA MCTOYHHMK Oec-
IIaTHOM HH(pOpMaLuy.

CpaBHUTENBFHO HOBOE CPEICTBO IOMCKa, cOOpa, CHCTEMaTH3aluH
Y aHaJTN3a UCXOJHBIX WCTOYHHKOB MH(POPMAIINK TIPEICTABISIOT CIEIHa-
JTU3APOBaHHBIC HHPOPMAITMOHHO-TTONCKOBRIe crcteMbl (CUIIC). 1x mo-
SIBIICHUE U OypHOE Pa3BUTHE CAMBIM HETIOCPECTBEHHBIM 00pa3oM CBs3a-
HO CO CTPEMHUTENBHBIM MPOTPECCOM MHGPOPMAIMOHHBIX W 3JIEKTPOHHBIX
TEXHOJIOTUH M, B YAaCTHOCTH, C M300peTeHHeM KOMITbIoTepa, Oojee co-
BEPIIEHHBIX OMEPAIIMOHHBIX CHCTEM, a TaK)Ke HOBBIX CPEJCTB IPOTpaM-
MHPOBaHUS (TIPEXKAC BCETO MPUKIATHBIX 0a3 JaHHBIX ).

B nacrosmee Bpemss CUIIC noayyminu mUpoOKoe pacopoOCTpaHEHHE
Y TIPIMEHEHNe He TOJBKO B OMOIMOTEKAX, HO U APYTUX KPYMHBIX XpaHH-



JUINax Hay4YHO-TexHHueckoil uHdopmammu. Snpom CHUIIC sBusercs
MOIIIHBIN TEePCOHATBHBIN KOMITBIOTEP (B IMOCIICTHUE TONBI BCE HaIe —
rpynmna oOBeANHEHHBIX B CETh KOMIIBIOTEPOB), OCHAIICHHBIN YHHUBEp-
CaJIbHOM OINepanMoOHHON CHCTEMOHN OTKpBHITOro Tuma (Hampumep, Linux)
Y TIPUKJIATHBIME CPEJICTBAMH NMPOTPaMMHUPOBAHUSI.

OO0mue npeuMyInecTBa WHPOPMAIIMOHHO-TIOUCKOBBIX CHUCTEM XO-
POIIIO U3BECTHBI JlaXke HeCIeUalIucTaM, U MOTOMY He HYKJaroTcs B IIPO-
CTpaHHOM KOMMeHTHpoBaHHHU. CleayeT JMIIb MOAYEPKHYTh, YTO Opra-
HU3alus XpaHeHus U noucka aaHHelx B CUIIC ocHoBBIBaeTCs Ha MPUH-
[Unax, BO MHOTOM HJEHTUYHBIX TEM, YTO HEKOTAa OBLIM MCIOIb30BaHbBI
Ut QYHKIIMOHUPOBAHHS OMOIMOTEYHOTO KaTajora KiacCH4ecKOro «Kap-
ToTeyHOro» tumna. OJHAaKo KOMIIbIOTEp MO3BOJIIET XPaHUTh KOJIOCCAJb-
Hble 00BeMbl MHPOPMAIMK NP MUHUMHU3AIMUA 00beMa XpaHEHHS, OCY-
HIECTBIISATh UX TUOKMHA BBIOOp, 0OecrieuynBast Mpu STOM BBICOKYIO OBICTPO-
Ty U TOYHOCTb TTOUCKA.

Bomnpocsl Ajis1 CAMOKOHTPOJIsA

1. Uro Takoe MeToa0I0TUs?

2. Kakue ypoBHU METO0JIOTHH BaM U3BECTHBI?

3. Ilepeuncnute 3Tanbl ¥ 3aKOHBI PA3BUTHS TEXHHYECKOH CHCTEMBI.

3. Uro Takoe Hayka?

4. Kakue 3HaueHHs] B COBPEMEHHOM PYCCKOM SI3BIKE UMEET TEPMHH
nHayxa?

5. Yto Takoe yIeHBIH?

6. KakoBo neneHue HayK 10 OTPaCiIsIM 3HAHUH?

7. YUro Takoe TeXxHUUYECKas HayKa, MpeIBUAeHNe, nHpopManus (1 Ka-
KOBBI €€ CBOWCTBA), (pakT, rumoresa, 3HaHNE, TO3HAHUE?

8. Kakme coCTaBISIONIEE TyBCTBEHHOTO (IMIMPHUUECKOTO) ITO3HA-
HUS BBl MOKETE HA3BaTh?

9. Kakune cocTaBisomue parioHaI-HOTO (TEOPETHIECKOT0) TT03Ha-
HUS BBl MOKETE HA3BATh?

10. YTo oTHOCHTCS K OCHOBHBIM 3TallaM HayYHOT'O UCCIICIOBAHUSA?

11. Yro Takoe unes u Teopusi?

12. Kakne MeToAbI MCCIeIOBAaHUI BEI 3HaeTe?



13. Yro Takoe HaAOIIONCHHE, CUET, U3MEPEHUE, CPABHEHUE, DKCIIe-
pUMeEHT, 0000IIIeHre, aHAIIN3, AaHAJIOTHSI, MOJICTUPOBaHME?

14. YTo Takoe CHCTEMHBIH aHaJIN3, KAKOBBI €0 ATaIlbI?

15. Yto Takoe HayyHOE MCCIIEAOBaHUE U KaKOBa €ro Ieb?

16. Uto Takoe TeMa HAy9IHOTO UCCIICIOBAHMUS?

17. Kak MOXHO 0XapaKkTepH30BaTh CBOIICTBa HAyYHOTO HCCIIEOBA-
HUS: aKTyaJlbHOCTb, Hay4Hasi HOBH3HA M MTPAKTHYECKas IIEHHOCTH?

18. Kakue 3tansl Hay4yHOT0 UCCII€I0BaHUS BaM U3BECTHBI?

19. Uto Takoe Hay4YHBIN TOKyMEHT?

20. Uro OoTHOCHTCS K HMEPBUYHBIM M BTOPUYHBIM HAYYHBIM JIOKY-
MeHTam?

21. KakoBsl ()OpMBI perucTpanny HayqyHoH nHpopManuu?

22. Knaccudukanus 6a3 qaHHBIX HH()OPMAIMOHHBIX PECYPCOB.



2. TEOPETUYECKWUE UCCNEAOBAHUA

Teopernyeckue HCCIEOBAHHUA MO3BOMSAIOT TIYOOKO MPOHUKHYTH
B CYTb T€X WJIM WHBIX MPOIIECCOB U PEaTH3yIOTCS B HECKOIBKO 3TAIOB!

® aHaJM3 CYIIHOCTH IIPOIIECCa;

¢ (hopMynHpoOBaHUE TUITOTE3HI MPOIIECCa;

e pa3paboTKa MOJICIIH;

® TIPOBEICHHE HCCIEIOBAaHUS, OMUPAsACh HA TOJIYUYCHHYIO MOJIENb,
KaK TMpPaBHJIO, C MPUBIEYCHHUEM KOMITBLIOTEPA, HCIIONB3Ysl CTaHIapTHOE
WJIH OpUTHHAJIBHOE IPOTPaMMHOE 00eCIIeYeHNE;

® aHAJIN3 MOJIYYEHHBIX PELICHUN;

® TEOPETUIECKHE YMO3AKITIOUCHHS (BBIBOIBI).

2.1. Heap 1 32124 TEOPETHUUECKOTO HCCJIEI0BAHUSA

Llenblo TEOPETUYECKOrO HCCIICIOBAHMS SIBJIICTCS yCTaHOBJICHUE
B3aUMOCBS3EH MEKAY BBIXOAHBIMH W BXOAHBLIMHU IMapaMCTpaMH TCXHHUYC-
CKOH cHCTEMBI U BBIABIEHHE HEKOTOPOW 3aKOHOMEPHOCTH (aHAJIUTH4Ye-
CKOH MJTM pPErpeCcCHOHHON 3aBUCUMOCTH).

3a0auamu TEOPETUYECKOTO HCCICIOBAHMUS SIBIISIOTCS:

1) 06001IeHNe pe3yNbTaTOB MCCIEI0OBaHNS, HAXOKICHHE OOINX 3a-
KOHOMEPHOCTEH ImyTeM 00pabOTKH ONBITHBIX TAHHBIX;

2) BO3MOYKHOCTh PacHpOCTPaHEHUs PE3yJIbTATOB MCCIICIOBAHUS Ha
aHAJIOTUYHBIE MPOIECCH 0e3 MOBTOPEHUS HMCCACIOBaHMMA (pedb uaeT o0
YHHUBEPCATBHOCTH MPEJI0KEHHBIX 3aBUCUMOCTEN );

3) uzyueHue o0bEKTa, HEAOCTYITHOTO JIsI HCCIEOBAHMUS;

4) MOBBIIIEHUE HAJECKHOCTH SKCIIEPUMEHTAIBHOTO HCCIIEIOBAHUS
(oOocHOBaHME MapaMeTPOB U YCJIOBUN HAONIOJCHHH, TOYHOCTH H3Me-
pEeHHUIA).

Paccmotpum mpakTHueckuit nmpuMep (GpopMyIHpOBaHHA IENTH U 3a-
Jla4d TEOPETUYECKOrO UCCIIEAOBaHUs, ONUPAsCh Ha CHOPMYIUPOBAHHYIO
TEMY Hay4HOT'O MCCIICIOBAHUS IIPH JOKA3aHHOHN €€ aKTyallbHOCTH:

e chopMynupoBaHa TeMa HAyYHOTO HccienoBaHus: «Obecreuenne
TOYHOCTU IWJIMHIPUYECKUX 3y0UaThIX M3ACIUI Ha ONepaiusx 3JIeKTPo-
3PO3WOHHOIO BhIPE3aHUs, BBITTOIHAEMBIX Ha cTaHKax ¢ UITY »;



® JI0Ka3aHa aKTyaJbHOCTb 3TOH TeMbl: « OTCYTCTBYIOT HAYy4HO 000C-
HOBaHHBIE PEKOMEHJALMH MO MPOCKTHPOBAHHIO TEXHOJOTHU DJIEKTPO-
IPO3UOHHON 00pabOTKH 3y0UaThIX M3MEIHA — BEIOOP 000pyIOBaHUs, pe-
XKHUMOB 00pabOTKH, pa3paboTKa yMpaBISIOMIKUX MPOTPaMM sl CTAHKOB
c UI1Y, obecneunBaromux Moay4eHue 3y0uaTslX U3AeNUi 3a1aHHOM TOY-
HOCTHY;

e chopMynHpoBaHa IIENb HAYYHOTO WCCICIOBAHUS: pa3padoTaTh
KOMILJIEKC MEPONPHUATHH 1O 00ECHEUSHNIO 3aJaHHON TOYHOCTH LIMJINH]I-
PHYECKHUX 3yOUaThIX W3EIU Ha ONepanusix dJIEKTPOIPO3UOHHOTO BEIpe-
3aHUs IPH BBICOKOW MPOU3BOAUTENBHOCTH 00pabOTKH;

e chopMyIMPOBaHBI 331a4H TEOPETHUECKOT'O HCCIEIOBAHMS:

1) pa3paboTaTh METOIMKY ONpEeAETeHUS HEOOXOOMMOro YHucia
(hopmooOpazyronux To4ek N; TOPIIOBOTO 3BOJIBBEHTHOTO mpodwis 3yda
3y04aToro M3AeiHs ¢ BHEIIHUM M BHYTPEHHHM 3yOUaThIM BEHIIOM HCXO-
I U3 3aJJaHHOW €r0 TOYHOCTH;

2) pa3paboTaTh METOAMKY OLEHKH TOYHOCTH (POPMBI M B3aHMHOTO
pacmosnioxkeHns: OOKOBBIX MOBEPXHOCTEW 3yObeB 3y04aToro M3Aenusi Ha
OTIEpaLH 3JIEKTPOIPO3UOHHOTO 3yOOBBIPE3aHNs, BEIOIHIEMON Ha CTaH-
ke ¢ UITY npu pasnuuHbIX yCIOBUSAX;

3) MoNMy4HThH 3aBUCUMOCTH JAJIsl pacuyeTa MOrPeIIHOCTH Ipodus 3y-
0a ¥ OTKJIOHEHUSI [I1ara 3aleIieHHs.

2.2. O0uIeHayYHbIe METOLI U METOIbI TBOPYECKOr0 MbILLJIEHUS
NP TEOPETUYECKUX HCCIeT0OBAHUIX

W3 mMpoKo UCTIONB3yEeMBIX OOIEHAYYHBIX METOJIOB TEOPETUUECKUX
UCCIIEZIOBAaHUI OCTAaHOBHMCS HA JIByX METOAAX: paculeHeHue N 00beou-
HeHue.

CyTb Memooda pacuienenus 3aKIII0YaeTcsi B TOM, YTO CHCTeMa B3au-
MOCBSI3H OOBEKTOB (TIapaMeTPOB) pacuiIeHsSeTCS Ha MPOCTEHIINEe COCTaB-
HbIC YaCTU U BBIACIIAIOTCA 3HAYMMBIC 1 HC3HAUYMMBIC NTApaMETPhI, a TAKKE
CBSI3U MEXIy HUMH. M3ydaercs Bu B3aMMOCBSI3H JIEMEHTOB, H OCYIIECT-
BisieTcst MofenuposaHue. C yd4eroM 3HAYMMOCTH IapaMeTpoOB MOJENb



MIpeTeprieBaeT YIPOIICHUS U BBOIATCS HEKOTOPBIE AomyieHus. B obmactu
MAaIIMHOCTPOCHUS YacTO MPUOETAIOT K Pean3allii METOa PaCUICHEHMSI.

CyTb Memooa 0b6veOuHeHus: 3aKI0YaeTCS B TOM, YTO peallu3yeTcs
KOMILJIEKCHBIN TIOJIXO0JT K U3y4YEeHUI0 00BheKTa. OCyIIecTBISETCS Mepexo
ot muddepeHnmanu Kk uaTerpanuu. Crucrema He IpoOHTCS, a paccMmar-
puBaeTcs Kak eguHoe 1enoe. Haxomar pemienne, yI0BIEeTBOPSIOIIEE yC-
JIOBUSIM PEIICHHUS STOW CUCTEMEI.

W3 pacripocTpaHEeHHBIX METOJIOB TBOPUYECKOTO MBINUICHUS TPU TEO-
PETUYECKUX UCCIIEAOBAHMSIX MOKHO HA3BaTh:

* «MO3TOBOM LITYPM»;

* OKCIIEPTHBIN METON;

* METOJ] «MaJICHPKUX YEIIOBEUKOBY;

* TEOPHIO PEUIeHUH N300pEeTaTeIhCKUX 3a]1a9;

* MopomornyecKuii aHanm3.

[pu «mosze060m wmypmey» rpynna crenuanuctoB (10 10 yemosek)
W3 pa3uyHBIX oOmacteil 3HaHW B TeueHne 40-50 MUHYT TeHEpHpYeT
UAeu JJI pelleHHs MOCTaBJICHHOM 3a/lauM TEOPEeTHYECKOTO HCCIIE0Ba-
Hus. Vnen QUKCHpYIOTCS, aHAIM3UPYIOTCS yYeHBIMH, KOTOpPHIE OYyIyT
peaTh MOCTaBIEHHYIO 3a/1a9y.

[pu sxcnepmuom memooe UCTIONB3YIOT 3HAHUS U OTBIT IKCIEPTOB
B HCCIIEZyeMOi 00acTH.

[Ipu metone «maneHvbKUX uen06euKkos TPOLECCHl, MPOUCXOIAIINE
B CUCTE€MeE, MPEJCTABIIAIOT ISl HATJISAHOCTH B BHJIE PHCYHKOB (CXEM),
97O 00JIerdaeT MOyICHUE SIUHON KapTHHBI B3aNMOICHCTBU.

[Ipu ucToNb30BaHUN Meopuu peuieHull U300pemamenbCeKux 3a0ay
peannsyeTcs CIEAYIOIU alroOpuTM: aHAIN3 MCXOMHOW CUTYaIllH; aHa-
JIU3 33]]a4d; aHAJIM3 MOJEIH 3ajauy; pa3pellieHne MpOTUBOPEUrii; aHaAIIN3
BO3MOXHOCTH YCTPAaHEHHUS! MPOTUBOPEUMM; pa3BUTHE MOIYUEHHOTO pe-
IIEHUS; aHAIA3 XOJa PEIIcHIS.

[pu mopghorocuueckom ananuse N3 MacCuBa BOZMOXKHBIX PEILICHUH
BEIOMpaeTcs JydIliee, COOTBETCTBYIOIIEE TPEOOBAHUSAM TEXHHUIECKOTO
3amanus. Pemaercs onTuMu3anuoHHas 3aaqa.



2.3. MaTeMaTH4YeCKHE METOABI B HCCIEe0OBAHUAX

Pemenne mnpakTUUECKHX 3a1ad4 MamemMamuyecKumiu Memooamu
OCYMIECTBIISIETCS ITyTeM pealn3aliuu CIIeIyIOUIero alropuTMa: pa3pador-
Ka MaTeMaTh4ecKkoil MoJesu; BEIOOp MeToa MPOBEACHHS UCCIIeIOBaHUS
MaTeMaTHYECKOH MOJENH; aHajn3 MOJIYYeHHOTO MaTeMaTHYeCKOrOo pe-
3yJbTaTa.

Mamemamuueckas modens — cucrema hopmyil, GpyHKIUHA, ypaBHe-
HUH, CpeACTBaMH KOTOPBIX ONMUCHIBAETCS TO WIIM HHOE SBJICHHUE, MTPOIiecc,
00BeKT B menoM. [Ipu pazpaboTke MOJeNN HY)KHO YUHTHIBATh BCE peallb-
HO CYILECTBYIOILIHE CBA3U (PaKTOPOB U NAPaMETPOB, XOTS MIPU 3TOM HEJb-
351 320bIBaTh O BO3MOYKHOCTH ITOCIIEAYIOIIETO PELICHUS] MaTeMaTHYECKON
moznenu. Crnenyer npuberaTb K KAKUM-TH00 YIPOIIEHUSAM, TOMYILEHHSM,
annpokcumanusaMm. s Momenu ¢(u3H4eckoro mpouecca HEoOXOIMMO
OTIPEIEIUTD:

1) oGnacTb WM rpaHULbI TPUMEHEHUS! MOJCIH;

2) dpusnuecKre OrpaHNYCHHUS;

3) TpeOyeMyI0 TOUHOCTb PE3YJIbTaTOB;

4) KOHCTaHTHI U IEPEMEHHBIE MTPOLIeCCa;

5) ynpaBisemMble epeMeHHBIE;

6) HeynpaBIsieMbIe IEpEMEHHEBIE.

B TeopeTHdeckux MCCIEIOBAHUAX CIEAYET BBIICITHTH OemepMuHu-
posanHble U 8ePOSIMHOCHIHbIE MaAmMeMamuiecKue Mmemoobsl, KOTOpbe MO-
TYT OBITh Crnamu4ecKumu i OUHAMUYECKUMU.

Hemepmunuposannvie cmamuyeckie METOIbI OIIMPAIOTCS Ha anreo-
py u auddepeHaNbHbIe YPaBHEHHS C HE3aBUCHMBIMU OT BPEMEHH ap-
TYMEHTaMH.

Hemepmunuposannvie OuHamuyeckue METOABI OIUPAIOTCS HA aj-
reOpy, HHTeTpalbHbIe YpaBHEHNUS, U PepeHIHaNbHbIe YPaBHEHHUS C Ya-
CTHBIMHU TIPOU3BOIHBIMH, TEOPHIO aBTOMATHYECKOTO YIIPABIICHHS.

Bepoamnocmuvie cmamuyeckue METOABI ONHMPAIOTCS Ha anredpy,
TEOPHUIO BEPOSATHOCTEH M TEOpuio MHMOPMAINHU, a 8epPOAMHOCIHblE OU-
Hamuyeckue — Ha MU depeHInaIbHbIe yPaBHEHNS, TEOPHIO CITyYaifHBIX
MPOLIECCOB U TEOPUIO ABTOMATOB.



Kpowme 3toro, He ciemyeT 3a0bIBATh O POIH YUCAEHHBIX MEMOO08 pPe-
mieHus 3axad. Hanmpumep, B pelieHHH HEJMHEHHBIX YpaBHEHHH — 3TO Me-
TOJ CJICHUS OTpe3Ka MOTIoJIaM, XOp/I, KacaTeIbHBIX, MPOCTHIX UTEPaLHii; B
pEUICHNH HWHTETPANOB — METOJ MPSIMOYTOJbHUKOB, Tpamenui, mapado
(Cummncona); B perieHny Au¢depeHInaibHbIX YpaBHEHHH — METO]] KOHEeU-
HBIX pa3HOCTEH, MeToJ| Diiiepa | Jip.; B PELICHHH ONTUMH3aIMOHHBIX 3a-
Jad — MeToJ Iepedopa, «3010TOr0» CE4eHHUs], TOKOOPANHATHOIO CITyCKa,
TPaJMEHTHOTO CITyCKa, JIMHEHHOTO NPOTrpaMMHPOBAHUS; B PEIICHUH arl-
MPOKCUMAITMOHHBIX 33/1a4 — JIorapru(MUUecKre, CTereHHbIe, OKa3aTelb-
HBIE PSObl U MHOTOYJICHBI.

2.4. Knaccudukanusa MmaTeMaTH4eCKUX MoJesIeit

[NapaMeTpsl MaTeMaTHYECKUX MOJEIEH MOI'YT HUMETh Pa3IMUHYIO
«MAaTEeMaTUYECKYI0 TPUPOJY»: MOTYT OBITh MOCTOSHHBIMH BEIIMYMHAMH,
GYHKIHAMHE, CKaJIIpaMy, BEKTOpaMH, TCH30paMHU Pa3IUYHbIX PAHTOB H T.]I.

BapwuaHThI ontrcaHus HEOPEIeICHHBIX mapaMeTpos (puc. 2.1.):

1) oemepmunuposantoe — KaXKIOMy IapamMeTpy MOJEIH COOTBETCT-
BYeT KOHKDETHOE IIe]I0e, BEIIECTBEHHOE, KOMIUIEKCHOE YHUCIO, JU0O0
GyHKIHS;

2) cmoxacmuueckoe — 3HaYCHUS OTACIBHBIX MapaMeTpPOB OIpEIeIs-
FOTCSI CITy4alfHBIMH BEJIMTYMHAMH, 33JJaHHBIMH TUIOTHOCTSIMH BEPOSITHOCTEIH;

3) cayuaiinoe — 3HAUCHUS OTJICNBHBIX MAPAMETPOB MOJICIH YCTaHAaB-
JUBAIOTCS CTyYaiHBIMU BETMYMHAMH, MTOJYYCHHBIMU B pe3ysbTaTe o0pa-
OOTKH SKCIIEPUMEHTAITLHOMN BHIOOPKHU JTaHHBIX TAPAMETPOB;

4) unmepsanvioe — OTICIbHBIC MapaMeTPhl 3aJal0TCSI HHTEPBAIIb-
HBIMU BETTMYHHAMHU OT MUHUMATBHOTO JI0 MAKCHMAITLHOTO 3HAYCHHUN;

5) Hewemkoe — mapamMeTpbl MOJICTH OMKCHIBAIOTCS (YHKIUAMU TPU-
HAJJIOKHOCTH HEYETKOMY MHOXECTBY («MHOTO OOIBINE MATH», «OKOJIO
HYJISD) U T.JL.).

Paznenenue mopernell Ha o0HOMepHble, O8YXMepHble, MpPeXMepHble
3aBUCHUT OT KOOPJMHAT MPOCTPAHCTBA, YBEIUUYCHHE PA3MEPHOCTH YCIIOXK-
HSET MOJIeNb W MPENIojaraeT HCIOJIb30BAHUE MHOTOMPOIIECCOPHBIX
KOMIIBIOTEPORB C UCIIOJb30BAHHEM SI3bIKOB MapalICIbHBIX BEIYUCIICHUH.



[To OTHOIIEHUIO KO BPEMEHU:

| CroxacTHYeCcKHe | | Cayuaiinbie Il Murtepsanbhbie | | Heuetkne I
T I |
| JleTepMHHHPOBAHHBIC | | Heonpenenenuble |
T . T
[ [TapameTpsl 1 nEpeMEHHBIC MOJICTHPOBAHUS ]
[lo oTHOWIEHHIO [To oTHOWIEHHID
KO BPEMEHH K Pa3MEPHOCTH IPOCTPAHCTBA
| JInnaMuueckue | l(‘m‘rnclnrlcckucl l OnHomepHbIe | | JByxMepHbie |

| CraunoHapHble | | HecraunoHaphsle | | Tpexmephbie |

| [To cocrary napamerpor l

| JHckperHble KauecrreHusie |

| HenpepebiBhbie Konuuecrsennsie |

| Cmemanuele

Puc. 2.1. Kitaccuduxanus MaTeMaTHIeCKIX MOJAETIEeH
B 3aBUCHMOCTH OT [TapaMETPOB

1) B k6azucmamuueckux npoyeccax CKOpOCTh U3MEHEHUS BHELTHUX
BO3AEUCTBUI Ha O0BEKT MOAEIMPOBAHMS CYIIECTBEHHO MEHBILE CKOPO-
CTH pelaKCaluu;

2) B OuHamuveckux npoyeccax CKOpOCTh U3MEHEHUSI BHELIHUX BO3-
JIEACTBUN Ha O0BEKT MOCIUPOBAHUS BEIUKA IO CPABHEHHIO CO CKOPO-
CTBIO pEJIaKcalluy;

3) B cmayuonapHuix npoyeccax 3HaYEHUs MMapaMeTpoB B (hukcupo-
BaHHOM TOYKE MOJIEH HE 3aBUCAT OT BPEMEHU;

4) B HecmayuoHapHuIX npoyeccax BPeMsl SBIAETCS CYLIECTBEHHOM
HE3aBUCUMOM EPEMEHHO.

Meronpl peain3aliud MaTeMaTUYECKUX MOJAENEH IOAPa3AEISIOTCs
Ha aHanumuyecKkue u aneopummuyeckue (puc. 2.2).



IIpumeps! ananumuueckux BbIPAKEHUN:

o k n
a.x ) b
Zk— s lim| 1+—| - aneebpauyeckue,
o X +1 n—e0 n
2 3
X x x  x 4
e’ =1+ F + ; + ; +... — npubaudxcennoe (Toarocts 10™ obecrme-

YMBAIOT 6 WICHOB Pa3IokKeHus, TouHOCTh 10°—10 uneHOB).

MeTopl peaiH3alHl MOICITH

AHallUTHYECKHE A.’II'()pII'I'MII‘ICCKIIC
Anrebpanueckue YucieHHble
[Tpubnuxennsie HMmuTanmonHbie

Puc. 2.2. Kitaccudukanus B 3aBUCHMOCTH
OT METOJIOB pean3aIui

Bemieck nHTEpeca K aHATMTHYECKHM METOJaM CBS3aH C MOSIBJICHH-
€M IaKeTOB MaTeMaTH4YeCKUX BbhrunciaeHuii (Derive, MatLab, Mathcad,
Maple, Mathematica v np.).

Ipu wucnennom nodxode COBOKYITHOCTh MAaTEMAaTHUYECKHUX COOTHO-
[IEHUH MOJENTH 3aMEHSETCS KOHEYHOPA3HOCTHBIM aHAJOTOM M TOCIe-
JYIOUIMM MPUOIMKEHHBIM PEllieHHEM aNreOpandeckux ypaBHeHWi. Pas-
paboTKa M WCIIOJB30BAHUE YHCIEHHBIX METOMOB SIBIISIETCS MPEAMETOM
BLIYUCITUMENbHOU MAMEMAMUKU.

Ipu umumayuonnom moderuposanuy Ha OTIETBHBIE dJIEMEHTHI Pas3-
OuBaeTcst caM OOBEKT HCCIEHOBAHMS, CHCTEMA MATEMATHYECKHX COOTHO-
UICHUH 3aMEHSETCS HEKOTOPHIM aJIrOPUTMOM, MOJCTHPYIOIIUM B3aHMO-
JEWCTBYE PYT C IPYTOM MOJIEIEH OTAEIBHBIX 3JIEMEHTOB CHCTEMEI.



2.5. OTtanbl pa3padoTKU MaTeMATHYECKUX MoOeeid

[Iponecc pa3pabOTKM MaTeMaTHYECKUX MOJIENed TPYJAOeMOK, -
TEJICH, CBSI3aH C UCIIOJIb30BAHUEM TPYAa Pa3IMYHbBIX CIICIIUAIMCTOB H MO-
JKET OBITh MPEJICTABIIEH IMOCIE0BATEIBLHOCTHIO 3TANOB (pHC. 2.3).

1. ObcneoBanue 00beKTa MOJEIUPOBAHHS H (POPMYJIHPOBKA
TEXHUYECKOTO 3a/laHHA Ha pa3paboTKy MOJIeH
(C(),'_ICI)}KEI'I'CJIMIHH MOCTAaHOBKA ';zua‘m)

‘ 2. KonuenryanbHas ¥ MaTeMaTHyeckas NOCTAHOBKA 3a/1a4H "—
v

l 3. KauectBeHHbli aHalIu3 U MPOBEPKA KOPPEKTHOCTH MOJIEIIH ‘
¥

[ 4, Bblﬁ()p H 000CHOBaHHE Bblﬁ()pa METOJ0B PCIICHHA 3a1a4H "—'

AHAIUTHYECKHE [Tpoune meToBI

50. Pazpaborka anroputma
- ~ ST CIICHHA H HCCJICIOBAHHE CI'0
[ 5a. ITowck peuenus |—> Rttt i meylif{l
CBOMCTE, peajinialmsa allropuTMa
B BHJIE ITporpamMMel juis DOBM

[ 6. [IpoBepka a1eKBaTHOCTH MOJICIH }—

v

l 7. IlpakTHueckoe HCNONBL30BAHHE NOCTPOCHHOH MOJIEIH ‘

Puc. 2.3. Dransl nocTpoeHUs MaTEMaTHUECKON MOJIEIH

BOl'IpOCbI AJIs1 CAMOKOHTPOJIA

1. UTo OTHOCHUTCSA K OCHOBHBIM 3TallaM TEOPETUYECKOTO MCCIENO-
BaHus?

2. Yro gBnseTCs LEIbI0 TEOPETUIECKOTO UCCIEA0BAHUA?

3. Kakue 3amaun pemarorcs B paMKax TEOPETUYECKOTO HCCIENO-
BaHus?

4. Kakue oOmuieHay4YHble METOJBI M METOJBI TBOPUYECKOTO MBIIILIE-
HUS TIPY TEOPETUIECKUX UCCIIEAOBAHUIX BaM N3BECTHBI?

5. Yem oTiiMUaeTcss METOI pacuIeHEHUS OT METOAa 0ObeINHEHNUS?

6. Uto Takoe METOJ «MO3TOBOr0 IITypMa»?



7. Uto Takoe 3KCIEPTHEIN MeTO?

8. Uto Takoe Teopus perieHns n300peTaTenbCeKuX 3a1a4?

9. Kakas 3ayaua pemaercs B paMkax Mop(oJIOTHIecKoro aHamusa’?

10. Yto Takoe maTeMaTH4ecKast MOJAEIh?

11. Yto HEOOXOIUMO OTIPEACIUTD IS pa3padOTKH MaTeMaTHIEeCKOM
MoJenu puzndeckoro mporecca?

12. Uro sBIIsIeTCS «MHCTPYMEHTOMY Ul Pean3aluil IeTCPMUHUPO-
BaHHBIX ¥ BEPOSTHOCTHBIX MaTEMAaTHUECKIUX METOJIOB?

13. KakoBa poJyib YHCIEHHBIX METOJIOB IPHU BHIIOIHEHUU TEOpPETH-
YEeCKHUX UCCIIeJOBaHUNI?

14. Yto Takoe MOJENb U MOACTUPOBaHHE?

15. Ha3zoBute mpuMepbl M3 UCTOPUH MOJAEIHPOBAHHS B MAIIMHO-
CTPOEHHHU.

16. Io kakuMm kiaccU(PUKAMOHHBIM MTPU3HAKAM MOXKHO Pa3IHyaTh
Monenu?

17. Kakune cymecTByIOT THITBI MOAETUPOBaHUS?

18. HazoBute xapakTepHble 0COOEHHOCTH aHAJIOTOBBIX MOJIENEH.

19. KakoBbI 0COOEHHOCTH AETEPMUHUPOBAHHOTO M HEOIIPEAEICHHO-
T0 MOAETUPOBaHUS?

20. Ilepeuncnute 3Tanbl NOCTPOCHUSI MATEMAaTHIECKUX MOZETICH.



3. OCHOBHbIE MOHATUA
CTOXACTUYECKOIrO MOJENWPOBAHUA

3.1. MoaenupoBaHue B YCJOBHAX HEONPeAeTeHHOCTH

W3BecTHBIE 3aKOHOMEPHOCTH, OITMCHIBAIOIINE OOBEKTHl B MAIIMHO-
CTPOEHHH, MOKHO YCIIOBHO Pa3/IeUTh Ha IBE TPYIIIIbL:

— 00HO3HAUHO onpedenenHble (0eMmePMUHUPOBAHHbIE),
— HAX00sUWUecs 8 YCILOBUAX HEONPEOeIeHHOCU.

I'panuia, otnenstomas ciydyaiiHoe COOBITHE OT HECIy4aiHOTo,
OYEeHb pa3MbITas. B 4MCTOM BuE OAHO3HAYHO OMNpEACICHHBIX MpoLec-
COB, MO-BHIUMOMY, HeT. [Ipu OmMMCaHWU JTOCTATOYHO CIOXKHBIX MpOIEC-
COB 3aKOHOMEPHOCTH BCETAa HOCST CTOXaCTHUECKHH XapaKTep.

[Tpu4KHBI TOSABIEHUS HEOTIPEACIIECHHOCTH:

® TI0Ka3aTen 00bEKTa 3aBUCAT OT OOJIBIIOTO KOJHMYECTBA (PAKTOPOB,
4acTh KOTOPBIX MOXET ObITh HE U3BECTHA HCCIIEIOBATENIO;

® [IPY MOCTPOCHUH MOJIENIM OOBIYHO OTPAHUYMBAIOTCS OTOOPOM Hau-
Oonee cymiecTBeHHBIX (0 MHEHHIO CyOBEKTa WM B CHIY OOBEKTHBHBIX
00CTOSITETIHCTB) ITEPEMEHHBIX, YTO MMPUBOAUT K OTPYOJICHUIO MOJIENH;

® MaTeMaTU4eCKUe MOTPEUIHOCTH, BO3HUKAIOIIME TP JIMHEapH3a-
UMM MOJENH WM UCIIOJIb30BAaHUU PA3JIOKEHHUS B PAI IPU OTpaHHYCHUU
Ha YMCIIO WICHOB Psi/ia; OLIMOKU M3MEPEHUH, MOTPEeIIHOCTH TPpU TPOBe-
JCHUH SKCIIEPUMEHTA H T.JI.

B 3aBHCHMOCTH OT TOJHOTHI OMHCaHUS HEONPEAEICHHOCTh MOYKHO
pa3OuTh Ha TPH OCHOBHBIC TPYIIIBL: HEU3BECHHOCHb, HEOOCHOBEPHOCb
U HeoOHo3HayHocmb (puc. 3.1).

| Heor IPEIe/ICHHOCTL l

[ HeussecTHOCTh | Henocroseprocts | Heo,‘llm‘auemuocrl,l

| HC,’IOOIIpC,'ICJICIIIIl)C'I'b| | IIc,'l()u:'rzrrotlimcrbl | Henonnora || I|caL'lL‘lcnu'mm:'rhl

Puc. 3.1. Bunsl onucanus HeonpeaeneHHOCTH



Heuszgecmnocms — 3T0 HavajbHasl CTaJus ONMCAHUS HEONpeesIcH-
HOCTH, MPU KOTOPOH MH(OpPMAIIKs OTHOCTHIO OTCYTCTBYET.

Heodocmogeprocms — 3TO BTOpasi CTajivsl ONMHCAHWS HEOoNpeeseH-
HOCTH, KOTOpasl IS Pa3IMYHBIX JTaroB cOopa WHOOpPMAIIMH MOXKET
KJIacCU(HUIMPOBATECS KaK HEMOJHOTa, HEJOCTATOYHOCTh, HEI0oNpe/e-
JICHHOCTh W HEaJleKBaTHOCTb. Henonnoma XapakTepu3yercsl TeM, YTO CO-
OpaHa He BCS BO3MOXKHas MH(poOpManus; HedocmamoyHocms — coOpaHa
He Bcsl HeoOxoaumas uHpopMmanusi. Hedoonpedenennocms — AJsl HEKO-
TOPBIX JIEMCHTOB ONPCACIICHBI HC NX TOYHBLIC OIMMCAaHNA, a JIUIIb MHOXKEC-
CTBa, KOTOPBIM OTH ONHCAHHS TPHHAMIEKAT, HEaA0eK8AMHOCMb —
OTIMCaHue, He BCETIa YAOBIECTBOPSIOIIEE LIEJISIM UCCIeJOBaHMS.

Heoonosnaunocms — 310 KOHE4Has (IO TIOJHOTE BO3MOKHOTO OTIH-
CaHMs) CTEIICHb HEONPEACICHHOCTH, KOT/Ia BCS BO3MOXKHAasT MH(OpMaIus
coOpaHa, HO TIOJIHOCTBI0 HeOOXOAMMOE OITMCAHUE HE IOy YHIIOCh.

MaTeMaTH4eCcKH HEONpPEeIeICHHOCTh MOXKET OBITh OMUCaHa CTOXAC-
TUYECKH, CTATUCTHYECKH, C TIO3WIMHA TEOPUU HEYETKHX MHOXKECTB, a
TaKkKe UHTepBaiIbHO (puc. 3.2).

[ Maremarnyeckoe onucanue HEOMNPEICICHHOCTH l

‘ CroxacTHieckoe H Crarucrnueckoe | Hederkumu muokecTsamu H I'hi'rchuJibllucl

Puc. 3.2. ®opMbl onucaHusi HEONPEIEIECHHOCTH

Cmoxacmuueckoe onucanue UCIONb3yeTCs TOrAa, KOIrjla Heolpee-
JICHHBIE TTapaMeTpPbl UMEIOT BEPOSTHOCTHBIHN (CITydaifHBIN) XapakTep, MpH
3TOM HE00X0AWMO, YTOOBI OBLT ONpeAesIeH 3aKOH paclpeleNeHns] TaKuX
CIIy4alHBIX IapAMETPOB.

Cmamucmuueckoe onucanue SBISETCA, MO CYLIECTBY, YaCTHBIM
CIIy4aeM CTOXaCTHYECKOTO OMHCAHHA. DTy (QOpMy ONUCAHUS MPUMEHS-
0T, KOT/Ia 3a/1aHbl TOJIbKO BBIOOPOUYHBIE OIIEHKH KaKMX-THOO XapaKTepu-
CTHK CJIy4YallHOW BEJIMYMHBI.

IIpn onmcaHuu ¢ MO3ULUN HeuemKux MHOJICeCHE HEOIPENEICHHBIN
apaMerp 3aAaeTcsi HEKOTOPbIM MHOKECTBOM BO3MOXHBIX €TI0 3HA4YCHUM,
XapaKTePU3YIOIIUX MPUHAIEKHOCTD (C TIOMOILBIO YHKYUU NPUHAOLEIC-



Hocmu) 00BeKTy. DYHKIHSA TMPUHAIUICKHOCTH MOXKET MPHUHUMATEL 3HAYe-
Hue ot | (momHas npuHaAIeKHOCTh) A0 0 (T0JTHAsS HETPHHAIIIEKHOCTB).

Humepsanvroe onucanue MOXXHO HCIIOJIb30BaTh, KOT/Ia HEOIpee-
JICHHBIE TTapaMeTPhI 33JaHbl TOJIBKO IUANa30HAMU BO3MOXKHBIX 3HAYCHHH
(BepxHE# M HIDKHEH T'paHHIIAMHK), TIPHYEM MapaMeTp MOXKET PUHUMATh
nar000e 3HaYCHHE BHYTPU MHTEpBala U €My Hellb3sl MPUITUCATh HUKAKOH
BEPOSITHOCTHOM MEPBL.

3.2. OyHKIMA ¥ NJIOTHOCTH pacnpe/eeHus
CJIy4aiiHOM BeJIUYHHBI

Onvim — 3TO OCYIIECTBIICHUE KAaKOTo-HUOY/Ib KOMIUIEKCA YCIOBHH,
KOTOPBI MOXET OBITh BOCIIPOM3BE/ICH MHOTO Pa3.

IMon cobvimuem moHUMAETCS Pe3yNbTAT OIBITA WM HAOIIOJCHUS.
CoOBITHS MOTYT OBITH daemenmapHuiMy (HEPA3IOKUMBIMHA) U COCIMAB-
Hoimu (Pa3IOKIMBIMHA).

OnemenmapHoe cobvimue TPOUCXOOUT B Ppe3yjibTare EIUHUIHOTO
omnbiTa. Cocmaegnoe cobvimue — 3T0 COBOKYITHOCTD 3JIEMEHTAPHBIX COOBITHIA.

Ipumep 3.1. Urpansubiii KyOuK mogopaceiBaeTcs 2 pasza. Ilycts co-
CTaBHOE COOBITHE ONPEENIEHO CIETYIOINM 00Pa30M: «CyMMa BBITIABIINX
uudp paBHa 6». Torma saneMeHTapHBIMH OyIyT COOBITHSA «S5+1», «4+2»,
«3+3», «2+4» u «1+5». JIroOble npyrue coyeTaHsi He OTHOCSATCS K pac-
CMaTpUBaeMOMY COCTaBHOMY COOBITHIO.

T'enepanvhoii co8oKynHocmuio Ha3bIBAlOT COBOKYITHOCTH COOBITHIA,
KOTOpBIE MOTYT OBITH pealu30BaHbI B pPe3yibTaTe OECKOHEYHOTO YMCIIa
OTHOTHITHBIX ONBITOB. Bul60opounoll cOBOKYNHOCbIO WIH 8b100PKOL Ha-
3BIBAIOT COBOKYITHOCTB CIIy4alfHO 0TOOpaHHBIX COOBITHI M3 reHepaTbHON
COBOKYITHOCTH.

Obvemom cosoxynHocmy Ha3bIBAIOT YUCIO COOBITUN N 3TOH COBO-
KYIHOCTH.

Cnyyaiinou eenuuuHol Ha3bIBaIOT NEPEMEHHYIO BEJIMYMHY, KOTOpas
B pe3yJbTaTe ONbITa MOXKET MPUHUMATH pa3finuHble 3HaueHus. Cryyvaii-
HBIE BEJIMYMHBI 0OBIYHO 0003HaYal0T 00bIIMMU OyKBamH, Hanpumep X.
3Ha4yeHus CIydaiiHON BEJIMUMHBI, KOTOPble OHA IPUHUMACET B PE3yJIbTaTe



OmbITA, 0003HAYAIOT MalbIMH OyKBaMU X,, X,, ..., X,. IIpu mMaccoBbIx

HCTIBITAHUAX KaXKJI0€ M3 BO3MOXKHBIX 3HAYCHUH CJ'Iy‘I&fIHOfI BCIIMYHHBI

Xis Xy5 ey X, MOXKET BCTPETHUTBCS My, My,...,M, pa3. DTU 4ucCia Ha-

3BIBAIOT yacmomamu. Bech HaOOp 3HaUEHUH cITydaliHON BEITHMYUHBI 00pa-
3yeT 2eHepaivHyo co8okynnocms Ny. OTCesHHBbIC U3 TeHepaIbHON COBO-
KyITHOCTH Ny 3HAYEHUS TPyOBIX OMMOOK 00pa3yIoT 66160pKy 00beMOM N.
Ecnu Bcero 6buT0 MpoBeieHO Ny OIBITOB, TO B PE3yJIbTaTe BHIOOPKH TO-

TydaeMm Zn:mi = N, U OTHOUIeHHE m;/N Ha3bIBaIOT YACMOCHIbIO WIN
i=1
OMHOCUMENbHOU HACHOMOU.

Beposimuocms HEKOTOPOTO COOBITUSL — 3TO MEpa ero «0JIaronpusT-
ctBUs». COOBITUSI HA3BIBAIOTCS PAGHOBO3MONCHLIMU, €CIH Mepa UX «Oa-
TONIPUSTCTBUS» OJMHAKOBa. B 3TOM ciiyyae udacTtocTh W coObITHS A,
W(A4), onpenensiercst GopMyoi

W(A)=n/N. (3.1

BepositHOCTS p(A4) ipon3BoapHOTO coObITHS A n3Mensiercs ot 0 mo 1.
IMpu >TOM HyIleBas BEPOSTHOCTH COOTBETCTBYET HEBO3MONCHOMY COObl-
muto (KOTOPOE HUKOTIA TPOU30UTH HE MOXKET), a SAMHUIHASI — 00CMOosep-
HoMy cobbimuio (KOTopoe o0s3aTenbHO mpousoiaet). [lpu OoNbIIX BbI-
0opKax BEpOSATHOCTH COOBITHS paBHA €T0 YaCTOCTH:

P(A)=W(A). (3.2)

Hna uezasucumvix COOBITHI BEPOSTHOCTH MPOU3BEACHHS paBHA
MIPOU3BEICHHUIO X BEPOSTHOCTEH (meopema yMHONMCEHUS)

P\ T4 |=11 p(4). (3:3)

Ilpumep 3.2. B nureiiHOM nexe NosiBJICHUE Opaka B OTIMBKAX CBS-
3aHO C pa3IMYHBIMU 3JIEMEHTaMU TEXHOJOTMYECKOro Ipolecca: H3-3a
HHU3KOTO KauecTBa IUTEeHHON (opMmbl (mecyaHble PaKOBHHBI, OOBAJbI,
Y>)KUMHHBI U Jp.); BCIEICTBUE HapyLIEHUsI TEXHOJIOTHYECKOro Iporecca
IUIAaBKA M BHENEYHOH 0OpaboTKH MeTajula (HEMETalJIMYecKHe BKIo4e-



HUS, Ta30BbIe PAKOBUHBI, IOPUCTOCTh U JIP.); W3-3a HAPYIICHHS PEXHMa
3aUBKH (DOPMBI (IUIAKOBBIE BKITIOUEHUS, KOPOJIBKH, CIIad U Ap.) KaKIbINA
M3 YKa3aHHBIX JJIEMEHTOB IPOIEcCa HE3aBUCUMO OT JPYrOro MOXKET
OBITh MPUYNHON OKOHYATENFHOTO Opaka B OTIIUBKE.

ITycTh BEpOSTHOCTH MONYYECHUs] KAYECTBEHHOHN OTIHMBKH 0e3 nedek-
TOB «110 BuHE» popMmbl p(P)=0,98; mo Bune meramna p(m)=0,93; o BuHE
samuBku p(3)=0,99. HeoOXomuMO OICHHTh HAJEKHOCTh TEXHOJIOTHYE-
CKOTO Ipollecca B LIEJIOM, T.€. ONPEAETUTh BEPOATHOCTh MOJIydYeHUs 0e3-
nedekTHOW OTIHUBKU p(pM3).

Pewenue. Tlo popmyie (3.3)

p(dm3) =p(d) - p(m) - p(3) = 0,98 - 0,93 - 0,99 = 0,90.

Jns Hecoemecmmuvix COOBITHI (OHM HE MOTYT HACTYIUTh OJHOBpE-
MEHHO) CIpaBeJINBa meopema CloHCeHUs BEPOSATHOCTEN:

p(A+4,+..+4)=p(4)+p(4)+.+p(4,). (G4

N3 3T0i1 TEOpeMBI BBITEKAIOT JIBA CIECTBUS:
1. JI71s1 mOSTHOW TPyl HECOBMECTHBIX COOBITHI CyMMa X BEPOST-
HOCTEW paBHA €IMHULE:

ZP(A,-)=1. (3.5)
i=1

2. CyMMa BepOsITHOCTEH MPOTUBOIIOIOKHBIX COOBITHI paBHA €IUHUILIE:
p(4)+p(4)=1. (3.6)

Ilpumep 3.3. B maptum moxkoBok nois Opaka cocraBisieT 3 %
(p(A)=0,03). 3necb coObiTHe A COCTOUT B BBIOOpE NEQEKTHOW AeTalu.
[IpoTHBOTIONOXHOE €My COOBITHE, COCTOSIIEE B BEIOOpE TOJHOM AeTany,
oyner A . Ilo dopmysne (3.6) maxomam p(4) = 1 — p(4) = 1- 0,03 =
= 0,97, T.e. mapTUs NOKOBOK COAEPAKUT 97 % TOAHBIX AETaNEH.

3axonom pacnpedenenus CIlydaliHOW BETMYMHBI HA3BIBAIOT JIF00O0E

mpaBwio (Tabnuiy, (QYHKIHIO), TTO3BOJIAIONIEE HAXOIUTh BEPOSATHOCTH
BCEBO3MOXKHBIX COOBITHIA.



(—oo, xl,),

F(x;) = p(X<x)).

b F(x)

A J

0 X, X, X

Puc. 3.3. nTerpanbHast GyHKIMS pactpeereHus

3amanue F(x;) m ompeneinsieT 3aKOH pacupeneieHus CIydaiiHOW Be-
muarHbl X. B OONBIIMHCTBE MPaKTHYECKH BaXKHBIX CIy4aeB pacrpeese-



HUE CIy4YaiHBIX BEJIMYUH MOXKET OBITh 33JIaHO B APYrod ¢opme ¢ IOMO-
IIBI0 BBEICHUSA (yHxyuu niomuocmu eeposmuocmeit f (x) (Oughghepen-
YuanvHoU QyHKyuu pacnpeoenerus).

XapakTepHOW OCOOEHHOCTHIO CITyYaHON BEIWYMHBI SIBISIETCS TO,
YTO 3apaHee HeM3BECTHO, KaKOe W3 3HAUYEHUI OHa MmpuMeT. Bo3MoKHOCTH
NPUHATHUS CIy4YaliHOM BeNMUYMHOM X 3HAUCHHUs W3 MHTEpBaja (X;, X;) KO-
JINYECTBEHHO OIICHUBAETCS BEPOSTHOCTHIO

P 1<X < xp) =fx)dx, 3.7

rae p(x<X< x,) — BEpPOSATHOCTh YKa3aHHOTO COOBITHS (X;<X<Xp); flix) —
IUIOTHOCTh pacTpesieNieH sl CIIy4ailHON BETMYUHBL; X, = X1 +dx.

IInOTHOCTE BEPOSITHOCTH SIBJSETCS BAXKHEUIIEH XapaKTEpUCTUKOMH,
3aJallel pachpeaeseHue ciaydaiiHoi BenuuuHbl, [IMOTHOCTE yaoBie-
TBOPACT ABYM YCIOBUAM: OHAa HCOTPULATCIIbHA, U HWHTCrpal OT HEC B
TIOJIHBIX pE€aAciiaX USMCHCHU apTyMEHTA X paB€H CANHUILIC!

£(x)20; [ f(x)de=1. (3.8)
®yHKIMA pacnipeneneHus F(x) BeIpaxaeTcs 4epe3 INIOTHOCTH f{x):
F(x)= I f(x)dx. (3.9)

C npyroii CTOPOHBI, €CITU TUIOTHOCTH f{X) HETIpephIBHA B TOYKE X, TO
€€ 3HaueHHUEe B OTOW TOYKE PABHO MPOU3BOIHON OT (DyHKITUH F(X):

f(x)=F'(x). (3.10)

OyHKMs pacnpeaeneHus F(x) sBisercs nepBooOpa3HON ISl MJIOT-
HOCTH f{X), TO3TOMY

p(s <x<n)= | £(x) de=F()=F(5)-F(x),  GID

fx) HA3BIBAIOT TaKXKe Oupghepenyuanvroll QyHkyuell pacnpeoeneHus.
CBolicTBa (pyHKIUH pacpesesieHus:: OHAa HEOTpHUIlaTeIbHa, BO3pac-
taromas v pasHa 0 u | mpu 3HAUEHUM apTyMEHTa —0O U 00:

F(x)=0; F(x; ) < F(xp) npu x1 <xz; F(—00)=0; F(00)=1.



I'paduik mI0THOCTH pachpeaesieHus f{x) Ha3bIBACTCS KPUBOU pacnpe-
Oenenus cnyuaunou geauuunsl (puc. 3.4). cxons u3 reoMeTprIecKkoil NH-
TEpIIpeTallid WHTerpaia KakK IUIOIMAAd COOTBETCTBYIOIIEH KPUBOJIMHEH-
HOU Tparenuy 3aKIro4aeM, 4To JIJIS MPOU3BOJIBLHOT0 —00 < Xy < +00 YHCII0
F(xy) paBHO TUTOIIAMHM TIOJ] KPUBOH pACIIpENIEIICHNS, JIeXKAIIEH JIeBee mpsi-
MOH X = Xy. AHAIOTHYHO WHTEPIIPETUPYETCS BEPOITHOCTH p(X| < X < X3).

$ )

F(xp) plx1<x<x;)

S

H‘,

X 0 x X,
Puc. 3.4. TlorpenrHoCTh CIy4aifHON BEIMIHHBI

CrydaiiHas BeIUYUHA X, 71 KOTOPOH CYIIECTBYET IIOTHOCTH pac-
npezencHus f{x), Ha3bIBACTCS HeNnPEPblGHOUL.

Ecau nox cny4ailHOW BEIMYMHON X MOHUMATh NPOAOIKUTEIBHOCTh
0e30TKa3HON paboTHl 00BEKTa, TO HpomsBeneHHE f(x)dx ecTb BepoAT-
HOCTh OTKa3a 00beKTa B MHTEpBaje BpeMeHH (X], X,). 3HaueHHe QyHKIUU
pactipenenenus F(x) paBHO BEpOSTHOCTH OTKa3a 00BEKTa 10 MOMEHTA X.
B Teopun HaeKHOCTH YaCTO YHOTPEOISIFOT TAKOE TIOHSATHE, KaK BEpOSsT-
HOCTh 0€30TKa3HOW paboTHl p(X), KOTOPOE SBISETCS JOMOTHUTEIHHBIM
TIOHSATHEM K (PYHKUUH pacnpenenenus F(x).

3HadeHrEe BEPOSTHOCTH 0€30TKAa3HOW pabOTHl B TOUKE X PaBHO BEpo-
STHOCTH TOTO, YTO CIyd4aiiHas BeJIW4YHHA X TPEBBICUT X, T. €. H3JCIHe
Oyzner paboTars 0€30TKa3HO B TEUCHHE BPEMEHH X:

p(x) = 1= Fx)=p{X>x;.



OyuKIUsa p(x) Ha3BIBaeTCS Takke @yukyueil naoedchocmu. Ilpu-
MepHbIe TpaduKku GYHKUUHN pacrnpeneneHus F(x) 1 GyHKUUN HaJeKHO-
cTH p(x) U300pakeHsl Ha puc. 3.5.

1.0 A p(x), F(x)

0.5 F(x) p(x)

.
»

0 X

Puc. 3.5. I'paduxn dyHKIMHM pactpenencHust F(x)
1 GYHKIIUU HAJCKHOCTH p(X)

3.3. Mepbl n0J10KeHUS U PacCesiHUA
KPHUBO# pacnpenesieHus

KpuBas pacnpeneneHusi IIOTHOCTEH BEPOATHOCTEH CIydaifHON Be-
JIMYMHBI XapaKTEePU3yeTCsl CBOMM II0JIOKEHHEM Ha OCH abCIMCC U pacceu-
BAHUEM CIIy4aWHOU BEJIMYMHBL. [[J1s1 OLEHKHU IIOJIOKEHUS U PACCESIHUSL KpU-
BOM paclpenieneHrs BBOJATCA COOTBETCTBYIOIINE KPUTEPUH WU MeEPbI.

K mepam nonooicenuss OTHOCATCS: M0OOA, MamemMamuieckoe 0x4cuoa-
Hue N MeOuaHa CIy9aitHOW BETUINHEI.

K mepam paccesnus otHOCSTCS: Oucnepcus, cmanoapmuoe OmKIO-
HeHue U pasmax.

Moooii pacnpedenenus (Mo) Ha3pIBaeTCs HanOojee BEPOSTHOE 3HA-
YyeHue ciyvyaiHoi BenunuuHbl X. [I1oTHOCTE BeposiTHOCTH f{x) MpUHUMAET
MaKCHUMaJIbHOE 3HAYE€HUE B OKPECTHOCTU MObl. DyHKIUS pacrpeesieHus
IUIOTHOCTU BEPOSITHOCTEN MOXKET UMETh OJTHO WJIH HECKOJIBKO MAaKCUMAIIb-
HBIX 3HAYCHUU B pa3HBIX MecTax obsactu (puc. 3.6).



4/(x) J) J)

a [¢] [

Puc. 3.6. Kpusble pactipeneneHus ciydyaitHOW BETUYUHBI X:
a — OJTHOMOJIANIbHAS, 6 — TBYXMOJIAJIbHAS; 8 — AHTHMO/IAJIbHAS

Mamemamuueckum odscuoanuem OUCKpemHOU CITy9alHON BEITUIH-
HBI Ha3bIBAETCS CyMMa MPOM3BEIEHUHN BCEX BO3MOKHBIX 3HAUEHHUH CITy-
YailHOW BEJIMYMHBI HA BEPOSITHOCTU ATUX 3HAYEHUI:

M. =Y x-p, (3.12)
i=1

Mamemamuueckoe odcuoanue cryyauHou BETWYUHBI X, UMEIOIICH
TUIOTHOCTH pacnpeiesieHust f{x), BBIUucIIseTcs o popmyie

M, = ij f(x) dx. (3.13)

CraTucTu4uecKkoi OHCHKOﬁ MATEMATUUYCCKOI'O OXHAAHUA SBIIACTCA
cpenHee apuMETHIECKOE 3HAUCHIE CITy9IaliHON BETHMYUHBI

(3.14)

rae N — KOJMMYEeCTBO 3HAYSHHH X;; 71; — 9aCTOTA MOSBJICHHUS Pe3yIbTaTa X;.
MareMatndyeckoe oxumganue (cpemHee apupMeTHIECKOE 3HAUCHUE)
CITy4aifHOW BEIUYMHBI HA3BIBAIOT YaCTO YEHMPOM DACCEsHUs AU YeH-
MpoM epynnupo8aHus CIydailHONW BETMYMHBL. MaTeMaTH4ecKoe OXKHaa-
HUE SIBIIICTCS OLIEHKON NCTUHHOTO 3HAYECHUS N3MEPSIEMOI BETMIHHEI.
Ilpumep 3.4. HaliTn MaTeMaTn4yeckoe OKUAAHUE U MOZly CITydalHOU
BEIIMYMHBI, 3aJaHHOM TaOINIIeH 3HAUCHHMIH:

x 3 5 2
)4 0,1 0,6 0,3




Pewenve. M, =Y x,-p, =3-0,1+5:0,6+2-0,3=3,9. Mo =5.

i=l1
Meouanoti cayuaiinoti geruyunst (Me) Ha3pIBae€TCS TaKoe ee 3Haue-
HUE X, 1151 KOTOPOTO

px < Me) = p(x > Me), (3.15)

T. €. BEPOATHOCTh MOSIBJICHUS CIy4yallHOI BEJIMYHMHBI MEHBILIEH, YEM Me-
JMaHa, WM OOJIBIICH, YeM MEIMaHa, OJIMHAKOBA.

I'eomeTprueckas MeauaHa — 3To a0CIUCCa TOYKH, B KOTOPOU IO b,
OrpaHUYeHHAss KPUBOH pacIpeeNieHus, IeuTcs romnoaam (puc. 3.7):

Me X

Puc. 3.7. 'eomeTpuueckas Mmeanana

jjf(x)dx:jef(x)dx.

Mepoii paccessHUA CITy4allHON BETMYMHBI X OKOJIO €€ CPEIHEro 3Ha-
YeHHS X CIYXHT cmaHnoapmuoe (WM cpedHee K8aOpamuyHoe) OmKIO-

HeHue G:

G:\/%Zn:(x[—Mx)z. (3.16)



[ HenmpepblBHOW Cly4alHOW BEJIWYHUHBI G OIpPENEHAeTCS II0
dbopmyie

n

1 2+®
6= N;(xi—Mx):[of(x)dx. (3.17)

Hpyrast Mepa paccesHusi — oucnepcus (Iucrepcus U 03HadaeT pac-
CEUBAHKE) XapaKTepu3yeT pa30poc 3HAYCHMI CIy4YalHON BEJIMYMHBI OT-
HOCHUTEJIHO €€ MaTeEMaTUYeCcKoro oxxuaanus. ucnepcust yBeamumuBaeTcs
C YBEJIHMUYEHHEM pacCesHUusl pe3ysbTaToB HabmoaeHus. Jucnepcus omnpe-
JiensieTcs o hopmyJie

n

N,=c"=>(x,-M) p, (3.18)

i=1

TJIe X; — TUCKPETHAs CllydaliHas BEJIMYHMHA, U 110 POopMyJie

+00
J=M(x=M) =[(x=M) f(x)dr, (319
o
TZIe X;,— HeTpephIBHAS CIydaiHas BeJIMYHHA.

CBolicTBa TUCTICPCHH:

*JI.>0;

e JI.-:C =0 ansa C = const (qucrnepcusi HecTy4yaifHOW BETUYHHBI paB-
Ha HYJIO);

o JI(CX) = Cz-ﬂx — HECIIy4allHyl0 BEIMYUMHY MOKHO BBIHOCHUTBH 32
3HaK JUCIIEPCUH, BO3BE €€ B KBapaT;

o JI,= My(X ?) — (M,)* — nucriepcusi paBHa MaTeMaTHYECKOMY OXKH-
JAHMIO KBaJipaTa CIy4yalHOW BEJIMYMHBI MUHYC KBaJpaT ee MaTeMaThde-
CKOT'0 OKU/IaHUS;

o JI(X+Y) = [+ JI,, eciu X u ¥ — HE3aBUCHMBIE CIIy4YalHbIE BEJIH-
YHHBI.

[locnexnee CBOWCTBO paccMOTpUM Oosee TOAPOOHO HAa TpHUMEpe
JIByX cllydyaiHbIX BequuuH X u Y. ITo onpenenenuro
2

A(X+Y)=M[(X+Y)-M(X+7)]



[Tocine packpbITHS KBaApaTHBIX CKOOOK W OOBEAMHECHHS KaXKIOM
CIIyyallHOM BEIMYMHBI CO CBOUM MAaTEMAaTUYECKUM OXKUJIAHUEM IOIYIUM

X +Y)=M(X =M+ MY =M ) +2M [ (X -M, (v-M,)],

OTKyZa

JA(X+Y) = 1, + [, + 2cov(XY)

rae cov(XY) = M[(X—Mx (Y—My):' =M(XY)—MXMY— Kosapuayusi.

OHa xapakTepHu3yeT CBsI3b MEXIY clydalHbIMU BenruuHamu X u Y. Jlnd
HE3aBHCUMBIX CIIy4allHBIX BEJIMYMH KOBapHauus paBHa Hymo. KoBapua-
Lusl SIBJISIeTCS HEYNOOHOH XapaKTEepUCTHKOM, TaKk Kak 10 €€ BEIUYMHE
TPYIHO CyIIUTh O CTENIeHH (TecHOTe) cBsi3u. [loaToMy OblTa BBEJieHA ApY-
ras BeIMYMHA — KO puyLenm Koppeasiyuu, BBIYUCISIeMbIH 1o popmyIie

(XY) _ cov(XY)

N

(3.20)

p XY ) =0. Ec-
nu abcomroTHoe 3HaveHue p(XY) okaxkercs Oosbiie 1, TO COBEpIIEHHO
SICHO, UTO MPOU301IUIA OUIMOKA M HEO0OXO0ANMO IIepecunTaTh pe3yisTar. B
Cllydae CHJIBHOM TOJOXKHUTEIFHOW KOPPEISIHU JIOCTHraeTcsi 3HaYCHHE,
Omu3Kkoe K +1, a Mpy CHIIBHOM OTPULIATENBHON KOPPENALUN JOCTUTACTCS
3HaueHue, Oim3koe k —1. Takum oOpazom, xoraa |p(XY)| 6mm3ok k 1, 3TO
yKa3bIBaeT Ha CHJIBHYIO KOppeisinuio Mexay X u Y, a korma |p(XY)| 6xum-
30K K 0 — Ha c1a0y10 KOppesLuIo.

Pazmax cnyyailHOW BeM4MHBI R ONpenenseTcss KaK pa3HOCTh MEX-
Iy HanOOJNBLIMM U HAUMEHBIINM 3HAYCHHUSIMU CI1y4YaliHOH BETMUMHBL:

R:xmax - X . 21)

min



3.4. TeopeTnueckue 3aKOHBI pacnpe/eeHus

3.4.1. 3axoH HOpMAIBHOTO pacnpenejenns (3axkoH ["aycca)

OTOT 3aKOH SABISAETCS ONHUM W3 HamOoJiee pacIpoOCTPaHEHHBIX 3a-
KOHOB paclpe/leleH s NOrPEMHOCTER. Y paBHEHNE KPUBO HOPMAIBLHOTO
pacrpeeseHus UMEET CIeAYIOIINI BU/I;

1 —x-—)?z 0'2
o) 207

_ - 3.22
Y f(x) G\/ﬂ ( )
DyHKIMS pACIPENEIICHNS UMEET BUJ
1 r —(x;—x 2/2 2
F(x)=—— [ e/ gy (3.23)
( ) o221 _[o

I'paduk TIIOTHOCTH HOPMAIBLHOTO pAaCHpEACICHUs] Ha3bIBaeTCS
HOpMAaNbHOM KpuBOHM min KpuBoi ['aycca (puc. 3.8). OTMETHM CMBICIT

XapaKTEPUCTUK 3TOH KPUBOIL:
'y

X TN\

Y

X min

—

=y

Puc. 3.8. Pacripenenenne ["aycca

eX — IEHTp IPYNIHPOBAHMSA, XapaKTEPU3YeT PacIpejieieHue pas-
MEpOB;

® G — XapaKkTepu3yeT Ky4yHOCTb PACIPEAEICHUS pa3MepoB (TTorpem-
HOCTEH) OKOJIO X ; 4EM MEHbIIE G, TEM Ky4HEe PACIPEIENSIOTCS pa3Me-
pbl okosto x (puc. 3.9).



A
c=0,5

Puc 3.9. HopmanwsHoe pacnpeseneHnne
CIIy4aiHbIX MOIPEIIHOCTEN
Ipy pa3IMYHbIX 3HAYCHUAX C

Kpusas ['aycca nmeer cieayromuye 0COOEHHOCTH.
1. KpuBas cuMMeTpHYHA OTHOCUTEIIBHO X.

2. IIpu X, =X KpuBas UMEET MAKCUMYM:

1 0,4
ymax:7= .
ovV2mn c

3. Ha paccrosgHuu £ OT BEpIIMHBI KPUBas UMEET JBE TOUKH Iepe-
ruba 4 u b, KOOpJAUHATHI KOTOPBIX

1 0,24
yAzyb': z0’6-ymaxz °
ov2me c

4. Ha paccrossHum £30 OT BEPILUHBI KPUBOH €€ BETBU TaK OJIM3KH K
ocu abcmmce, 4To B npeAenax =3¢ 99,7 % Bceli mIomanyd orpaHnIuBaeT-
csl KpuBOH. [IpakTHdyecku MPUHSITO CUNUTATh, YTO HA PACCTOSHHUH +3G OT
BEpIIMHBI KPUBOW €€ BETBU IMEPECEKAIOTCsl ¢ OChI0 abciuce, U B ATHX
npeaenax 3aKirodeHa Bes miomanas kpusoi, 1.e. 100,0 %. IlorpemHOCT
B 3TOM cirydae coctapisieT 0,3 %, 94To JOIMyCTUMO TpH PEIIeHUH MHOTHX
3aJa4 MPOU3BOJICTBA.

5. ¢ — 3TO Mepa paccesHus, Mepa TodHOCTH. Ha ocHoBanwmm 1.4
CIpaBeUIMBO YTBEP)KICHUE, YTO TMOJIE pacCesHUS W~6G.

C ucnonk30BaHreM 3aKoHa ['aycca BEpOSTHBINM MPOLIEHT Opaka BbI-
YUCISIETCsl claeayomuM oOpa3zoMm. CuurTaeMm, 4TO BCE JETald IMapTUU
HMMEIOT JICHCTBUTENLHBIC Pa3MephI B MIPEIeNax Mot PacCesHUs

60 = Xmax — Xmin,



THE Xmax, Xmin — MAKCHUMaJbHOE M MHHHMAIILHOE 3HAYCHUs IMapaMeTpa
(pa3mepa). Ilpu 3TOM IUIOMAML, OTPAaHUYCHHAS] KPUBOW HOPMAaIHLHOTO
pacmpesneneHust U OCbl0 alcIyice, paBHa eamHuile u ompenenser 100%
3aroToBoK maptuu. [lmomane 3amrpuxoBaHHbIX Ha puc. 3.10 yyacTkoB
NpEeICTaBIsIeT cO00W KOJIMYECTBO JeTayel, BBIXOSIIUX 110 CBOMM pa3-
MepaM 3a Mpeesbl T0MyCKa.

/B

X min

o
X

max 'y
L

Puc. 3.10. K onpeaeneHunio koiuyecTBa
TOAHBIX JCTAJICH

st onpeneneHys KOJIMYECTBa TOJHBIX JeTaneil He0OX0MMO HalTH
IUIOIA/1b, OFPAaHMYEHHYIO KPUBOW M OChIO abciycc Ha JJIMHE, paBHOM
nomnycky O. IIpy cMMMETpUYHOM PacHOIOKEHUH T0JISI PACCESIHUS OTHO-
CUTENIEHO TOJIA IOMyCKa CIeAyeT HAalWTW 3HA4YE€HUE HWHTEpBala, ONperc-
JISTONIETO TOJOBHHY TUIOIIAAN, OrpaHNYeHHON KprBoiil ['aycca u abcruc-
coit X1 (Xz).

OyHKIHA paclpelneneHns AdsS HOPMAJIbHOTO 3aKOHA HMMeEeT BUJ
(puc. 3.11)

Fx) = Iydx— G\Fj e gy (3.24)

—00



HJ’IH ciay4as, korga x =0, o =1, pacnpeAcICHUEe HA3bIBAlOT CTaH-

AAapTHBIM U (bYHKLII/ISI pacipeaciaCcHud UMECT cneuy}omnﬁ BUI:

F(x) :J;Tz I e . (3.25)

—00

LF(x), ©(x)

1 F(x)
1/2 D(x)
0
-1/2

Puc. 3.11. ®ynkus pacnpeneneHus F(x)
u ¢pynkuus Jlammaca O(x)

Takum oOpa3zom, eciid ciydaiiHas BenuuuHa X CHEIyeT 3aKOHY
HOPMAJIbHOTO PACIpPEIENICHUs], TO BEPOSTHOCTb MOSBICHUS CIy4alHON
MOTPELIHOCTH ONPEACIACTCS IUIOIIAbI0, OTPAHUYCHHON KPUBOH f (X) U
€e 4acThlo M 0chblo abciucc:

) /2 2
-x?/20
plx <x<x,}= e (3.26)
oV2T y
[MonpiHTErpANbHOE 3HAYEHHE €CTh JJIEMEHT BEPOSTHOCTH, PABHBIH
IJIOMIAI MPSMOYTOJIBHUKA C OCHOBaHMEM dx u abcumccamMu x| | X,, Ha-
3BIBAEMBIMHU KGAHMUIAMU.
[IpousBenem 3amMeHy iepeMeHHON: ¢ = x/c, dx = - dt:
1 2 -2)
p{x1<x<x2}=ffe dr. (3.27)

27 4



IIpencraBum npaByro 4acTh B BUJIE CYMMBI JBYX UHTErPaJIOB:

1 p 2/ 1 P 2/
-2 -2
Pix, <x<x =—J.e dt+—J.e dr .
{ ! 2} V21 " \V2® 0

Hurerpan Buna

(1) = (3.28)

1 ¢ -2h
—Ie dt
Var g
HOCHUT Ha3BaHWUE HOPMAIbHOU Gyuxyuu Jlannaca. 3HadyeHus: 3TOTo0 UHTE-
rpajga cBelleHBl B TaOmuily. Takum oOpa3oM, yKa3aHHas BEPOSITHOCTB
(3.28) cBoaMTCS K pa3HOCTH HOpMaJIbHBIX (yHKIME Jlamaca:

pix<x<x}=® () ). (3.29)

Pacuer xomnyecTBa roAgHBIX AeTalleil CBOIUTCA K YCTaHOBJICHHIO
BEJIMYMHEI ¢ U onpeneneHuio O(f) mo Tabnuiie ¢ mociaeayoIuM nepecye-
TOM TOJY4YEHHBIX BEJIMYMH B IPOLEHTHI WM B YHCIIO IUTYK U3ICITIHH.

B of6mem ciydae, korga x # 0, UMEEM CIEOYIOLIYI0 BEpOSTHOCTb
MOSIBJICHUS CIIyYailHBIX MOIPEIIHOCTEH:

p{xISxSx2}=jf(x) deeo| 2TM ) [ BT (330

(&} ()

Otmetrum cBoiictBa ¢yHkmmu Jlammaca: @(0) = 0; O(—x) = —D(x)
(pynxuus neuetnas); ©( oo )=1/2. U3 puc.3.11 BuaHo, uto kpussle F(x) u
®D(x) S5KBUAUCTAHTHEI.

Ilpumep 3.5. Ha MeTamuryprudeckoM 3aBojie MPOBEICHO KOHTPOIb-
Hoe onpenenenue TBepaoctu o llopy paboyero cnos OonbIol mapTuu
OHOTHITHBIX JIMCTOTPOKATHBIX BAJIKOB. YCTAHOBJIEHO, YTO TBEPIOCTH
(cmyuaitHast BeMYMHA X) pacmpesielieHa HOPMAIbHO C MaTEMaTHYECKUM
oxugaaneM 60 ex. no lllopy u cpegHuM KBajgpaTUYHBIM OTKIIOHEHHUEM
5en. no llopy. Heobxonnmo HalTH BEpPOSATHOCTH TOTO, YTO 3HAYCHHE
TBEPJOCTHU BAJIKOB 3aKJIIOYEHO B mipenenax 57-65 en. Illopa, oroBopeH-
HbIXx [[OCTom.



Pewenue. HWcnone3dyem dopmymny (3.29). Ilo ycmoBuio 3amaun
x1=57; x,=65; M =60; G =35, CIeN0BATENEHO,

p{57<x<65} =®(65;60j—©(57;60)=@(1,0)—@(4),6) =(1,0)+(0,6).

I[lo Tabmuue ¢ynkmuun Jlamuraca maxommm: @D(1,0) =0,3413;

®(0,6)=0,2257. OTcroma uckoMasi BEpOSTHOCTh
p{57<x<65}=0,3413+0,2257 = 0,567.

Bo MHOrWX mpakTHUYeCKMX 3afadax TpeOyeTcs BBIYHCIUTH BEpOSAT-
HOCTh TOTO, YTO a0COJIIOTHOE OTKJIOHEHHe AX HOPMAJIbHO paclpe/ie/icH-
HOM ciay4ailHOH BeMM4MHBI X OT MAaTeMaTU4eCKOrO OXHUJAaHUS MEHbILE
3aJIaHHOTO TTOJIOKHUTEIBHOTO YHCIIA €, T.€. TpeOyeTcs HalTH BEPOSTHOCTH
BBINIOJTHEHHS HEPABEHCTBA

AX =|x-M|<e. (3.31)

Ha ocHoBaHuMM HEYETHOCTH (bYHKLII/II/I Jlamnaca CIipaBCJIMBO COOT-

orafe ol el ) o

AHaJNOrMYHO 1JI1 HOPMUPOBAHHOM CITy4YaltHOW BETHYUHBI

HOIICHHUEC

p(ax <e)=p(x -m,

p(AX, <e)=p(-e< X, <e)=0(c)-D(-¢)=20(¢). (3.33)

O6o3HauuB € =G 1, p (AX < cxt) = 2<I)(t).
Ecnum £ =3 1 cOOTBETCTBEHHO G,f = 3G, TO

p(AX, <30, )=20(3) =2-0,49865 =0,9973.

BepostHOCTE TOTrO, 9TO aOCONOTHOE OTKIOHEHHWE OyJeT MEHBIIe
YTPOCHHOTO CPEIHEKBaJAPATHIHOTO OTKIOHEeHUs, paBHa 0,9973, u 60b-
ITUEe OTKIIOHCHMSI TTPAKTUICCKHA HEBO3MOXKHEI. B 3TOM cocTOuT «npasuio
mpex cuem»: TpU HOPMAJIbHOM PACIPECICHUN CIy4YailHOM BEIMYHUHBI



a0COIOTHASL BEJIMUMHA €€ OTKJIOHEHHUS] OT MaTeMaTHYECKOTO OXKUIaHUS
He MPEBBIIIAET YTPOSCHHOTO CPEHEro KBapaTUYHOTO OTKJIOHEHHUS.

OTO MpaBWJIO MPUMEHSIOT U MPOBEPKU HOPMAIBHOCTH paclpere-
JICHUS N3y4aeMON BEJMYMHBI U [T BBIABICHHS TPYOBIX OmHOOK (TIpoma-
XOB) B OKCIIEpUMEHTAIBHBIX TAHHBIX.

Ilpumep 3.6. Bennunna otGeneHHOro paboydero Ciosi BaJIOB IOCHE
YUCTOBOM 00pabOTKH SBIIIETCS HOPMAaJIbHO PACIpPEEICHHONW CITyYaiiHOM
BEJIMYMHONW CO CPEJHMM KBaJIpaTHUHBIM OTKIIOHEeHHeM o,=1 mm. HeoO-
XOAMMO OTIPENENIUTh BEPOSTHOCTh Opaka BajoB MO MPHUYHUHE MAJOTO U
Oonpmioro otbena, eciau OpaKyroTCsl Bajibl, OTOEN KOTOPBIX OTKIOHSETCS
OT TpeOOBaHNH TEXHUYECKUX YCIIOBUIT OoJiee 4eM Ha 2 MM.

Pewenue. Vicnons3yem opmyay (3.32). 1o ycnoBuro 3a1auu € = 2 MM;
o, = | MM, crieToBaTeNbHO, BEPOSTHOCTH MOTyYeHHUS TOAHON MPOYKIH

p(AX <2)=20(2/1)=20(2)=0,9544 .

BeposiTHOCTh mony4eHuss Opaka paBHAa BEPOSTHOCTH IPOTHUBOIO-
JIO)KHOT'O COOBITUSA

p(AX >2)=1-0,9544 ~0,05.

3.4.2. JkcnoHeHUMAJILHOE paclnpeieeHue

3KCHOHCHHH3HBHO€ pacnpeacjICHUE XapaKTCpHO [Jid BHE3AIMHBIX
OTKa30B 3JIEMEHTOB M cucTeM. [In1oTHOCTH BEPOATHOCTU DKCIIOHCHIUAIIb-
HOI'0 pacupeAcCICHUs 3a1aCTCA YPABHCHUCM

f(x)=2re™, F(x)=1-¢™, Mx)=2,x>0, (3.34)

2

rie A — mapaMeTp pacrupeaeleHusl, SBISIOUIHICS CTPOTO MOJIOKUTEIEHOM
KOHCTaHTO.

CpenHee 3HaYCHHE X W CPETHEKBAJIPATHUECKOE OTKIIOHEHUE G DKC-
MOHCHIUAJIBHOTO pacnpeaciCHUA COBIAAal0OT U paBHBI O6paTHOMy 3Ha-
yeHHIo napameTpa x = & = 1/A. I'paduku dynxmmii F(x) u fx) npuBene-
HBI Ha puc. 3.12.
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Puc. 3.12. I'paduxu mioTHOCTH f(X),
WHTCHCUBHOCTHU 0TKa30B A(x) (a) u ¢pyHkimu F(x)
SKCIOHEHIMAIBHOTO pactpeneneHus (6)

OCHOBHOE CBOWCTBO 3KCIOHEHLUAIBHOI'O 3aKOHA COCTOMT B TOM,
YTO MPHU HEM BEPOATHOCTH 0€30TKa3HOW pabOTHI HAa JaHHOM HHTEpBAIC
HE 3aBUCHUT OT BPEMEHHU IPEIIECTBYIOIEl paboThl, a 3aBUCUT OT JUINHBI
HHTEpBaja. JTO 3HAYUT, YTO Oyayliee MOBEACHUE 3JIEMEHTa HE 3aBUCUT

OT IpOoULIOoTro, €CJIN B I[EIHHI)IfI MOMCHT OH MCIIpAaBJICH.

3.4.3. PapHoMepHOe pacnpeaesieHne

Ecnu morpentHocTs n3MepeHuit ¢ 0JJMHAKOBOM BEPOSTHOCTHIO MOXKET
MIPUHUMATH JIIOObIE 3HAYEHUS, HE BBIXOSIIUE 32 HEKOTOPHIE TPAHUIIBI, TO
TaKas HOTPELIHOCTh OMUCHIBACTCS PABHOMEPHBIM 3AKOHOM PpAcnpedeneHus.
Pacnpenenenne mo 3aKkoHy paBHOW BEPOSITHOCTH BCTPEYaAETCs, KOTJa Ha-
psmy co ciydaiiHbIME (haKTOpaMH, BBI3BIBAIONINMYU pacCEWBaHHE, JIEHCT-
ByeT JOMHHUPYIOIIUN CUCTeMaTHdecKui (pakTop, HEMPEPHIBHO U PaBHO-
MEPHO U3MEHSIOIIUN BO BPEMEHH IIOJIOKEHHUE LIEHTPa IpynnupoBanus M,.
I'paduuecku Takoe pacnpenesieHue CIy4aHOH BEIMUYMHBI OTOOpa)kaeTcs
IPSIMOYTOBHUKOM (puc. 3.13).

Ecnu paccesHue pa3MepoB 3aBUCUT TOJIBKO OT NMEPEMEHHBIX CHUCTE-
MaTHYECKHUX MOTPEITHOCTEH, OT M3HOCA PEXYIIeH KPOMKHA HHCTPYMEHTA,
TO paclipeielieHne NeHCTBUTENbHBIX pPa3MEepOB MapTUHU JeTajeil moauu-
HSIETCS 3aKOHY PaBHOI BEPOSITHOCTH.
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Puc. 3.13. Pacnpenenenue ciy4yailHON BEIMYHUHBL
10 3aKOHY PaBHOI BEPOATHOCTH

Hanpumep, mpu ycraHOBHBIIEMCS U3HOCE PEXKYIIEro MHCTPYMEHTA
YMEHBIIEHUE €r0 pa3MepOB BO BPEMEHHM MOIAUUHSIETCS MPAMOIUHEHNHOMY
3aKOHY, YTO COOTBETCTBEHHO YBEJMYMBAET (IpU 0OpaObOTKE BaJOB) WIIU
yMeHbIaeT (pu o0paboTKe OTBEPCTHIl) AMaMETphl 00padaThiBaeMbIX 3a-
roToBOK. Toraa B MOMEHT BpeMEHH #; Ban OyAeT MMETh pa3Mep d, B MO-
MEHT BpeMeHH #, — b. EcTecTBeHHO, UTO M3MEHEHHE pa3MepoB 00pabdaThI-
BaeMBIX 3arOTOBOK TOKE MMPOUCXOIUT IO 3aKOHY MPSIMOM JTMHUU.

[Ipn m3MeHeHUN ciay4aifHON BeMMYMHBI X B WHTEpBaje OT a 10 b
IUIOTHOCTH f{X) mocTosiHHAa U paBHa C; BHE 3TOT0 MHTEpBaJia OHA PaBHA
Hymo. Tak Kak miomaab, orpaHHYeHHas KPUBOW paclipesieleHns, paBHa
eMHUIIE,

b

J.f(x)dle, C(b-a)=1,10 C=—— (3.35)

b—a

a

[InoTHOCTE pacnpenenenus f{x) MeeT BUI
-1
(b—a) mpm a<x<b,
S(x)= (3.36)
0 npu x>b;x<a;x¢la, b].

Oynkuus pacnpeneneHus (puc. 3.14) umeet Bug

0 npux<a ,

F(x)= npua<x<b, (3.37)

—a
1 npux >b ,
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Puc.3.14. I'padux pynkmmm F(x)
PaBHOMEPHOT'O PacIIpeAeICHUS

BriuncinuM MaTeMaTUYECKOE OKUIAHUE U IUCTIEPCHIO:
0 b b
¥ 1 1 X
szj.xf(x)dx:J.x dr=—
b b—a b—a 2

_a+b
2

2

a a

+00

o 2
D= [t reode i, (x7) - = [ 7 (4 dx—(aibj _

_(a;rbjz _(» ;Za)z

OmnpenensieM cpeHee KBaAPaTHIHOE OTKIOHCHUE U MTOJIC PACCETHHUS:
b—a

sob-a
243

Koaddurmmentr acummerpun S, = 0 (pacrpeneicHne CUMMETPHYHO).
s ompenenenns kodh@UIMEHTa 3KcIlecca HalaeM dYeTBEPTHIA IICH-
TPAJIbHBIA MOMEHT:

- a+o)' (b—ot)4
M, = I X— dx=——.
b-a 2 80

E ="%-3=-12.

b

b 2
J*xz 1 & (a+b) _ 1 x:
b-a 4 b-a 3

a

co=b-a=203. (3.38)

Otcrona

PaBHOMEpHOE pacnpeneneHre HanOoJee XapaKTepHO TS HEUCKITFOUeH-
HBIX CHUCTEMATHUYECKUX TOTPEITHOCTEH (TIOTPEeITHOCTh OT TPEHHS B ONOpax



AMEKTPOMEXaHNYECKUX MPHOOPOB, MOTPEITHOCTh AUCKPETHOCTH B IU(POBBIX
npudopax u 1p.). Ecian oTcyTcTBYIOT JaHHBIE O BUIIE paclpeneieHHs CHCTe-
MAaTH4YECKON IOIPEIHOCTH, TO OHM NPHHUMAIOTCSI PABHOMEPHBIMH, TaK Kak
OIICHUBAIOTCS TPAHULIAMH (IIPEIEIaMH) IOITYCKAaEMBIX TIOIPEITHOCTEH.

3.5. HayajabHbIe M HEHTPAJIBHBIE MOMEHTHI

B obmeMm cirygae MOMEHT TUCKPETHOW CITy4aifHOW BEJIMYHMHEBI 7-TO
MOPSAJAKA MOYKHO MPEACTABUTH B BUJIE

" r
M, = E(xi —a) P>

(3.39)
IJI¢ a — IIOCTOSIHHAS BEJIMYMHA.

Ecmi a = 0, To MOMEHT Ha3BIBAIOT HAYANLHBIM, €CIU a = M, unu a =
= X - r — yeumpanvibim. HedeTHbIC CHTPATbHBIC MOMEHTBI YKa3bIBAIOT
Ha CHMMETPHUIO pacCIpenelicHUs OTHOCUTEIBHO MAaTeMaTHUYEeCKOrO OXKH-
JaHus. Y BCEX CUMMETPHUYHBIX paclpelereHUl HeueTHbIE MOMEHTHI OT-
HOCHUTEIIEHO CPETHEr0 3HAUYCHUS PaBHBI HYJIIO.

Ilepeuolii nauanvublil MOMeHmM — MATEMATHIECKOE 0XKHUIaHUE:

My=M, =) x-p,. (3.40)
i=1

Bmopoii yenmpanvuwiii Momenm — CTaHAAPTHOE OTKIOHEHHE G
n
2
My= (x,-M,) p,. (3.41)
i=1

st 6onee OIPOOHOTO OMHUCAHUS PACTIPEICICHHSI UCTIONB3YIOTCS
MOMEHTHI 00Jiee BRICOKHX TOPSIKOB.

Tpemuii yenmpanvuoiti momenm (M;) XapakTepu3yeT aCUMMETPHUIO
pacrpeaencHus CIly4aifHbIX OTPEITHOCTEH, T.€. CKOIIEHHOCTH (puc. 3.15).
Kosgppuyuenm acummempuu

mi(xi_)_c)3
S _ M, ——’Z_; (3.42)
k-3 o : :

3 3
(&} 9



f(x) 4 $,:=0

B
>

X

Puc. 3.15. AcuMMeTpu4HbIE pacIpeaeeHus
CIIy4aiHbIX IMOIPEIIHOCTEN
Yemeepmoiti yenmpanvuvii momenm (My) XapaxtepusyeT (opmy
(KpyTH3HY KPHBOI), TUIOCKOBEPITHHHOCTh WM OCTPOBEPIIMHHOCTH pac-
MIpeeNICHHs] CITyYaiHbIX morpemHocTel (puc. 3.16) u omuckIBaeTCs C 10-

MOIIIBIO 2Kcyecca.

[ B S = B (3.43)

f1

Puc. 3.16. [110CKOBEPIIMHHOCTD U OCTPOBEPLIMHHOCTD
pacnpeneneHus ciy4JailHbIX IOrPelHOCTeH

Uwucno 3 BEIYUTAIOT MTOTOMY, YTO JJI HOPMAJIbHOTO PacIpeIeIeHHS
norpemHoctet M, = 3, cnepoparenbHo, £ = 0, T.e. B KaueCcTBe KPUBOM
C Hy.]'IeBI)IM JKCHECCOM HpI/IHSITa KpI/IBaﬂ HOpMaJII)HOFO pacnpeaeneHM;{.



Bripaxenue 1/./E, HasbiBaeTcst KOHTpaKcueccoM. Eciu E; > 0, To

roBOPAT, YTO UMECTCA MOJ0XKUTETbHBIN OKCHECC, T.€. BEpIIMHA KpHBOfI
HaxOJMUTCS BbIIlIE KPUBOW HOpMalibHOTO pacmnpenenenus. Eciou Ep < 0 —
UMECTCA OTpI/IHaTeJILHI)Iﬁ OKCIECC U BCpIIMHA KpPIBOfI HaxXoJUuTCA HHKE
BEPIITMHBI KPUBOW HOPMAJILHOTO pacIpeaeiICHuU.

B cnydasix koraa 3HaueHHUsI CITy4aiiHOM BEIMYUHBI X; 3aJaHbl TPEX- U
OoJiee 3HAYMMBIMHU YHCIaMHU U 00beM BBIOOpPKH N > 25, pacdeT mapamer-
POB 11e5IecO000pa3HO BECTH IIyTEM BBEICHUS CITyUaliHON BEITMUNHBI:

;X X,
X, =—,
h
IZie X, — HOBas CiTydaiiHasi BeJIM4MHA; /I — BEIMYMHA HHTEPBAJIA; Xo — HEKO-
TOpPOE HavalbHOE 3HaYCHUE (OOBIYHO MPUHUMAIOT CEPEIUHY CPEIHHUX 3HA-

YCHUH X;).
3.6. KBanTniu pacnpenesieHus

ITlycte X — HenpepbIBHBINA KONMYECTBEHHBIN CIly4ailHbIN ITPU3HAK C
¢byHKIHEH pactipenenenus F(x) 1 MIIOTHOCTHIO pacipenenenus f{x).

Keanmunvio nopsaka P unu P-keanmunvio pacupeneneHus F(x) Ha-
3BIBAETCSI BEJIMUMHA Xp, ABISAIOLIAsICS PEIIEHUEM YPaBHEHUS

F(xp) =P, 0<P<1. (3.44)

TTockobKy 1T HEMPEPHIBHOTO MpU3HAKaA ee (GYHKIMS pacrpeere-
Hus F(X) HempepbiBHAs © MOHOTOHHO BO3PACTAIOINAsi, PEIICHUE ypaBHe-
Hus (3.44) — equacTBeHHOE (pUc. 3.17).

AF(x)
1 R e o L B

>

Xp X

Puc. 3.17. K onpeneneHnio KBaHTHIIA



KeanTwne mopsiaka P=0,5 Ha3wIBaeTCs Meouanou pacnpeodeneniis
(puc. 3.18). OpamHata MeaMaHBI PACCEKAET IUIOMIANb MEXKIY KPHUBOM
IJIOTHOCTH, BEPOSATHOCTH U OChIO abcmuce momnonam. /[ HempepbIBHOTO
npu3HaKa ee QYHKIUSI pacipee/ICHUs] UMEET BUJT

Fo = [ f@dy,

rae f{x) — IIOTHOCTh pacrpeieNeHHs.

Xo,5 X

Puc. 3.18. Menuana pacnpeneneHus

KBanTuib Xp YAOBJIIETBOPACT COOTHOIICHUIO

xff(x) dx = P.

Ha puc. 3.19 momans nop 3amTpuxoBaHHON (UTYpoit paBHA P, a
ocTaBIasics miomank noa ¢urypoii passa 1 — P.

Af(x) p

1-P

Z

X

Puc. 3.19. K onpenenenuro miomamu f{x)



()'c, 0), BBI-
PaXEHHOI'0 OJHUM YHCIIOM, Ha3bIBAIOTCS MOYEYHbLIMU OYEHKAMU.

ToueyHasi OLlEHKa MOrPEIIHOCTH U3MEPEHUS HEMOJIHAs, TOCKOJIbKY
G YKa3bIBacT Ha IPaHULIbl MHTEPBala, B KOTOPOM MOKET HaXOIUTHCS HUC-
THHHOE 3HA4YCHHE X, HO HUYEr0 HE FOBOPUT O BEPOATHOCTH MOMAJAHUS X
B 3TOT MHTEPBAl.

Bornee momHBIM ¥ HAAEKHBIM CIIOCOOOM OIEHKH CIy4JalHBIX BelH-
YUH SIBISIETCS] ONPEIEICHUE HHTEPBAIBHON OLIEHKH, KOTOpas C 3aJaHHON
CTETIEHBI0 JTOCTOBEPHOCTH BKIIOYAeT B ce0sl 3HAUEHHE OIEHHMBAEMOIO
napameTpa.

BeposTHOCTE TOTO, YTO Cily4yailHash MOIPEUIHOCTh HE BBIMAET 3a
MIPENeNbl X|, X;, HA3bIBACTCA dosepumenbHbiM uHmepsanom (nonem 0o-
nycKd), a COOTBETCTBYIOIIAsl €My BEPOSTHOCThH TOSBJICHHS CIydalHOMN
MOTPEIIHOCTH — 008EPUIMENLHOU 8EPOSIMHOCHIBIO O

o=p,<x<x;)=1-p, (3.45)

e X, = X — X, X, = X + Xy — HIOKHSISA U BEPXHSAS IOBEPUTEIBHBIE TPAHHUIIBI
napamerpa x; 3 — ypoBeHs 3HauMMOCTH (B = p(x,; > x > x;) = - a).

JloBepuTEnbHBIH MHTEPBAI XapaKTEpPHU3yeT CTETEeHb BOCIIPOU3BO -
MOCTHU Pe3yJbTaTOB M3MEPEHUH, IPUYEeM MPH OOJIBIIOM JOBEPUTEIHLHOM
WHTepBaje HaOmronaeTcsi Oompas JOBEPUTEIbHAS BEPOSITHOCTh. TaKkuM
0o0pa3oM, JOBEpUTENBHBII WHTEPBal W JOBEPHUTEIbHAS BEPOATHOCTH —
OCHOBHBIE XaPAKTEPUCTUKH CIy4YalHOM MOIPEIIHOCTH.

Haunbonee wacTo 3HaueHHs TOBEPUTEIBHBIX BEPOSTHOCTEH NMPHHU-
Marot pasasiMu 0,90; 0,95; 0,99 unu ypoBHU 3HAUHMMOCTH COOTBETCTBEH-
uo 0,10; 0,05; 0,01. B TexHUYECKUX U3MEPEHUSIX OTPAHHUUUBAIOTCS TOBE-
putensHOU BeposTHOCTHIO 0=0,95.

IIpu HOpManbHOM 3aKOHE pacIpelieNeHns CIIy4YalHbIX MOrPEIIHOCTEN
YacTO MOJIB3YIOTCS TOBEPUTEIBHBIM HHTEPBAIOM OT +3G 10 —3G, I KOTO-
poro goBepuUTENbHAs BeposITHOCTH paBHa 0,9973. Takas noBepurenpHas Be-
POSITHOCTh O3HAUYaeT, 4To B cpenHeM M3 370 CiydalfHBIX NOTpelIHOCTEH
TOJIHKO OJ/THA TIO a0COJTFOTHOMY 3HaueHwHto Oyet Oomblie 3G.



Pasznu4HOro poaa OmmMOKH, BAUSIONIME HA MPABUIBHOCTH MPUHITHS
pelIeHusl 0 TEXHUYECKOM COCTOSIHMH O0BEKTa, HEM30€)KHO BO3HHUKAIOT B
npoiiecce AuarHoctTupoBanus. OCHOBHBIE MPUYHUHBI OMTHOOK TUATHOCTH-
pOBaHUS:

® HETOYHOE M3MEpEeHHE M INpeoOpazoBaHHE KOHTPOIMPYEMOTO IMa-
pamerpa;

® HETOYHOE CPaBHEHHE M3MEPEHHOTO 3HAYeHHS ITapamerpa C HUXK-
HUM ¥ BEPXHUM JOIYCTUMBIMU NIPE/ICIIaMHU;

® HeHa/ieHOe (PYHKIMOHUPOBAHUE CPENICTB KOHTPOJISA B IpoIlecce
TUATHOCTHPOBAHMSI.

[TosicHUM CMBICT BBIIIIEYKa3aHHBIX ONTHOOK HAa KOHKPETHOM TIPUMEpE.
[lycTs mMpou3BOIUTCS TUATHOCTHPOBAHUE pa3Mepa JeTaiei Mo 3aJaHHOMY
oo gomycka (puc. 3.20). Ecnu cpeanee 3HaueHnE W3MEPEHUN HAXOIHUT-
cs B TIpefeNiax Mo JA0OMycKa, 1eTaib Npu3HaeTcs ToaHoi. OaHaKo BCiea-
CTBHE paz0dpoca 4acTh U3MEPEHUI HAXOIUTCS 3a MPEesiaMy OIS JIOIyC-
Ka. DTO owubKra nepeozo pooa, PN KOTOPOH TOMHAS NETalh TPU3HAETCS
HeronHo#. Eciu cpenHee 3HaUeHHE U3MEPEHHUM HAXOAMUTCS 3a MpeleaamMu
MoJst OMyCKa, JeTalb NPH3HACTCS HEroJHOH, OJHAKO W3-3a pazdpoca
4acTh U3MEPEHUH MOMaNaeT B MOJe A0MycKa. ITO ouudKa mopozo pood,
TIPH KOTOPOH HEeTOTHAs IeTalb MPU3HACTCs TOMHON. BeposTHOCTH OmHOO0K
MIEPBOTO U BTOPOTO POJIa XapaKTEPU3YIOTCS TUIOIAAIMU (GUTYP MO KpPH-
BBIMH pacrpeaeieHus u3Mepenuii, (Ha puc. 3.20 OHHM 3aITPHIXOBAHBI).

PALY.
Owmwudka 1-ro poaa
(nokHbIT Opak)

Omudka 2-ro poaa
(HeoOHapyKEeHHBII
Opak)

=

[Tone nonycka

Lat

Puc. 3.20. K onpeneneHuio KoJimyecTBa
TOJIHBIX JIeTaJIeh



Jlerko TMOHATH, YTO OIMMOKA W3MEpPEHHS MEPBOTO POJa SBISETCS
JIOJCHBIM OpaKoM, a OMMOKa BTOPOTO POJIa — NPONYCKOM Opaxa, M He-
0OHAPYAHCEHHBIM OPAKOM.

3HadeHns OMMOOK JIOKHOTO M HEOOHApy)KEHHOTO Opaka xXapakTe-
PU3YIOT KayeCcTBO MPOIIeCcCa U3MEPEHHIA B IIETIOM, a 3TO 3HAYUT, YTO OHH
JOJDKHBI YYUTBHIBATHCS MPH 3aJaHUU M ONpEACICHUN MoKa3aTejel auar-
HOCTHPOBaHHUS.

Jis yMeHbIIIEHHs] OMACHOCTH TOSBJICHHS OIIMOOK BTOPOTO Poja
MIpU KOHTPOJIE B Cllydae, KOT/a IMoJie JOMyCKa MPEBHIIIaeT Moje pacces-
HUS, HEOOXOAMMO C TIOMOIIBI0 HACTPOMKH OOECICUUTh PACIIOJIOKCHIUE
KpHBOH (paKTHUECKOro pacnpene’eHus] pa3MepOB BHYTPH MO JOIMYCKa C
TaKUM pacueToM, YTOOBl €€ LEHTP TPYNIUPOBAaHUS (MaTeMaTHUYECKOE
oxuganue M,) OTCTOSII OT MPeAeTbHBIX Pa3MEPOB HE MEHee ueM Ha 3.

JloBeputenbHas BEpOSATHOCTh OMpezenseT 00JacTh IOMYyCTHMBIX
3HAa4YeHH, a YPOBEHb 3HAYNMOCTH — KPUTHIECKYIO 00JIaCTh, T.€. BEPOST-

HOCTB TOTO, YTO X BEIMZIET 32 MPEIeITbl [xl, xz] . Betbupaemoe 3Hauenue f3

JIOJDKHO OBITH JOCTaTOYHO MajbIM, YTOOBI HEe OBLIa COBEpIIeHA owuOKa
nepeoeo pooa, T.e. 4TOOBI He ObLIa 3a0pakoBaHa MpaBuiibHAs oleHKa. C
JIPYTOf CTOPOHBI, CIIMIITKOM MaJioe 3HaYeHHE [} MOKET IPUBECTH K 0uiuoO-
Ke 8mopo2o pooa, Korna Oy[eT MpHUHATA JI0KHAs OLleHKa. Y POBEHb 3Ha-
YUMOCTH JISKHUT B mpenenax 0,02 < <0,1.

3.8. IIpeacraBienne napaMeTpoB pacrnpeneleHust

MHOKECTBO OAHOTHITHBIX 00BEKTOB U3 FCHEPAIIbHON COBOKYITHOCTH
3HAUYCHUU CITyJaifHOW BeTWIHMHBI X (X, X7, ..., X,) Ha MPAKTHKE XapakTe-
pU3yeTCs U MPEACTABISACTCS:

® SMITUPHYECKON (DYHKITUEH pacTpeieneHHs;

® [TOJINTOHOM YacTOT;

® TUCTOIPaMMOW 4acToOT.

Omnupuueckoii gyukyueil pacnpedenenus (GyHKIIHEH pacmpenene-
HUSl BBIOOPKH) HA3bIBAIOT (QYHKIHIO Fx(X), ONMpPENENIOnyl0 9acTOCTh
COOBITHS, 3aKIIOYAIOIIETOCs B TOM, YTO Clyd4aiHas BenudnHa X B pe-
3yJIbTATE MCIIBITAHUS IPUMET 3HAUYCHUE, MEHBIIIEE X, T.€.

Fy(x)= W (X <x). (3.46)



Takum obpazom, sMnupryeckas pyHKINS pacHpeaeneHus] BEIOOPKH
HeyOBIBaroImas M CIYXXHUT JUIS OLIEHKH TEOPETHYECKOW (YHKIIMH pacIipe-
JIeJIEHUS TeHEPATHbHONH COBOKYITHOCTH.

Ilonuzonom wacmom Ha3bIBAIOT JIOMaHYIO, OTPE3KH KOTOPOH COeau-
HAIOT TOYKH (X1; 11), (X2; M2),..., (X3 my), TOC My, 0 = 1,...,k — aucio Ha-
OmofieHuit (YacTOThl), MPU KOTOPBIX OTMEYaIOCh 3HAYCHUE NpU3HAKa,
paBHoOE X;. JlJI1 TOCTpOEHMsI MOJTUTOHA YacTOT Ha OCH a0CIMCC OTKIIAIbI-
BalOT BapHMaHTHI X; , @ HA OCH OpJUHAT — COOTBETCTBYIOLINE UM YaCTOTHI
n;. [Ipu 3TOM CyMMa BcexX 4acTOT paBHa 00beMy BBEIOOPKH.

Ilpumep 3.7. lloctpouts moauroH yactot (puc. 3.21) mis cnexyro-
LIET0 paclpeaeIeHHs:

Xi 1
n; 20 10 14

n;
20

10

'rl
1 »
— + >

Puc. 3.21. Iloauron yactor

s moCcTpOeHUsT TUCTOrPaMMbl UHTEPBAI, B KOTOPOM 3aKJIFOUCHBI
BCE HAOJII0JIaeMble 3HAUCHUS HEMPEPBIBHOTO MMpH3HAKa, pa3OMBalOT Ha
HECKOJIBKO YaCTHYHBIX MHTEPBAJIOB JUIMHON A M HAXOIAT JUIS KaKIOTrO
YaCTUYHOTO MHTEpBaja #1; — CyMMY YacTOT BapUaHTOB, MOMABIIUX B i-i
HHTEPBaJ.

Tucmoepammoni wacmom Ha3bBIBAIOT CTYNMEHYATYIO (YHKIIMIO, CO-
CTOSIIYIO U3 MPSAMOYTOJBHUKOB, OCHOBAaHHEM KOTOPOW CIy>KaT 4acTU4-
HbI€ WHTEPBaJbl JIUHOW /4, a BBICOTHI PaBHBI OTHOIIEHUIO 7; /A (TUIOT-
HOCTb YaCTOTHI).

[Tnomanp i-ro 4acTUYHOTO MPSIMOYTOJNBHUKA /i'n; /h pasna n;, T.e.
CyMMe 4acToT i-ro uHTepBana. ClieZjoBaTeNbHO, IIOMAAb TUCTOTPaMMBbI
4acTOT paBHA CYMME BCEX YacTOT, T.€. 00beMY BBIOOPKH.



Ilpumep 3.8. IlocTpouts THCTOTpaMMy 4acToT (puc. 3.22) mo pac-
npenenenuio Beioopku 00bemMoM 1 =100 B COOTBETCTBUH C TAOIHUIICH:

Howmep YacTuuHbIN Cymma gactot [InorHOCTH
HHTEpBasIa HHTEpBaJ YacTOTHI

XiXit1 nilh;
1 1-5 10 2,5
2 5-9 20 5,0
3 9-13 50 12,5
4 13-17 12 3,0
5 17-21 8 2,0

Puc. 3.22. T'ucrorpamma yacToT

3.9. OcHOBBI KOPPEJISIHMOHHOT0 U PErpecCHOHHOI0 AHAJIN3a

Lenpro MomenupoBaHus JIIOOOTO TEXHOJIOTHYECKOTO IpoIecca SB-
JISIETCSl YCTAHOBJICHHE KOJMYECTBEHHON 3aBHCHMOCTH BBIXOJHOIO Mapa-
MeTpa OT OJHOTO WM TPYIIBl CAY4auiHbiX BXOIHBIX IApaMeTpPOB.
B ¢ynknmonansHO# cBs3u Y = f (X) KakaOoMy 3HAYEHHIO HEe3d8UCUMOU
nepeMeHHOM X OTBEYaeT OJHO WIH HEeCKOAbKO BIIOJTHE OMPEIEICHHBIX
3HAUCHUH 3a6ucumotl iepeMeHHoi Y. B 3ToM cirydae CBsI3b MEXIy Iepe-
MEHHBIMU X ¥ Y B OTIIH4HE OT PYHKIIMOHAIFHOW MTPHOOpPETAeT CTaTUCTH-
YeCKHUI XapakTep U Ha3bIBACTCS KOPPETAYUOHHOU.

IIpocreiiel U pacpoCTpaHEHHON 3aBUCUMOCTBIO MEX1Y BEJIMYHU-
Hamu X u Y saBusiercs nunetinas peepeccusi. OLieHKa TECHOTBI WU CUJIbI
CBSI3U MEXIYy BeIMYMHAMHU X U Y OCYHIECTBISICTCS METOJaMH KOppems-
[IMOHHOTO aHaJIN3a.

PaccMoTpum nmHEHYI0 perpeccuto oT 0JHOTo lapaMerpa (puc. 3.23).




Puc. 3.23. KoppensiiroHHoe 1moJie 3aBUCUMOCTH
Y=f(X) ¢ smmupmueckoii (/)
U TEOPETHUIECKOM (2) TMHUAMH perpeccun

[TycTh mmst mpOM3BOIBHOTO (PUKCHPOBAHHOTO 3HAYEHHS X MTOJyYIEHO
HECKOJIBKO 3HaueHui y. Ilpeanonaraercs, 4To BenuuuHa Y pacupeneneHa
HOPMAJIbHO ¢ MaTEMAaTUYCCKUM OKHUJIAHUEM

M, =by+bx (3.47)
W ITHCIICPCUEH ci , He 3aBucsamen ot X. U3 (3.47) BugHO, 9TO ciaydaiiHas

BeIMYMHA Y B cpelHeM JTMHEWHO 3aBHCUT OT (PMKCHPOBAHHOTO 3HAYEHUS

* * 2
X, a ITapaMeTphl by, by U o) ABIAIOTCA HEU3BECTHBIMH ITApaMETPaMH Te-

HEPAIBHON COBOKYITHOCTH.

JIs OLIEHKM 3TUX HEM3BECTHBIX BEJIMYUH IO BHIOOPKE 0OBEMOM 7
COTIPSDKEHHBIX Map 3HAUYEHUH X1, V15 X2, V25 «..; Xn, Vu B ACKAPTOBOMN CUCTE-
Mée KOOPJUHAT MOXHO IIOCTPOUTH KOPPEIALUOHHOE 0JIE, COAEpIKALIEE 7
Touek. Ecnm HaHecTH Ha 1ojie CpelHHUE 3Ha4€HHs Y, , COOTBETCTBYIOLINE

BCEM 3HAUYCHUAM HepeMeHHOfI X; B I/IHTepBaHaX, OFpaHI/IT-IeHHLIX BepTI/I-
KaJbHBIMHU JIMHUAMHAU KOOpILI/IHaTHOI‘/'I CE€TKHU, TO 3aBUCHUMOCTbH y OT X CcTa-
HeT 0oJiee OYEBUIHOIA.

Jlomanas TMHMSA, COEIMHAIONIAsA TOYKU ¥, , OTHECEHHBIE K CEpE/IMHAM

HHTEPBAJIOB Xp;, HA3BIBACTCS aMhuupuueckol aunuel pezpeccuu. C yBeau-
YEeHHEM YHCiIa OMBITOB JIOMaHas JTMHUS CTIIXKUBACTCS U MPUOIIKAETCI K
[IPEAEIBbHOMN JIMHUY — Meopemuyeckoll TUHUY pecpeccul.



3.9.1. MeToa HaMMeHbIIUX KBAIPATOB

Jis TuHEHHON 3aBUCHMOCTH JIMHUS PETPECCHUU 33/1a€TCs ypaBHEHUEM
IpSIMOM

y =By +Bx, (3.48)

HEU3BECTHBIC KOIPPHUITUEHTH KOTOPOH OMPENEISIFOTCS 110 Memoody Hau-
MeHbuux keadpamos. B COOTBETCTBHH C 3THM METOJOM KBajpar pac-
CTOAHUA IO BEPTUKAINU MEXKAY ONBITHBIMU TOYKaAMH C KOOpJAUHATAMU X;,
Yi 1 COOTBCTCTBYIOIIMMU TOYKaAMU Ha JMHHUHU PETrPECCUU TOJIKHO OBITH
MUHUMAJTEHBIM:

i[yi - (Bo +Byx, )]2 = min. (3.49)

4 3 ypaBHeHI/Iﬁ A OMPEACIICHUA HCU3BCCTHBIX KOC—)q)(bI/IHI/ICHTOB

Bos By

0 < 2 0 <& 2
— >y -Be+Bx)| =0, —> [»-(B,+Bx)] =0 (3.50)
aBO i=1 aB] i=1
cremyer
Z(yi —By _lei):()’ Z(yi —By _lei) X; =0, (3.51)
OTKyza

Zy[ =np, +Blzx[ ’ Zyixi = Bozxi +Blzxi2 . (3.52)
i1 i=1 i1 il il

B B -5 13,
C ydyeTom 0003HaUeHUH X =— ) X,, Yy=—) ¥, , X =—Zx. s
nA

_ 1 n
Xy =— Z X, y; CluemyeT

s

Bo=V-Bx, (3.53)



=

S [zy,zx/nj (5-)(0,-7)

i1 . (3.54)

> _(zxj / > (%)

Taxum 00pazoM, ypaBHEHHE JTUHEHHOMN perpeccuy NpUHUMAET BUJ
y=By +Bx=y+p,(x-%). (3.55)

Ilpumep 3.9. IlocTpouTh TMHEWHYIO 3aBUCHMOCTb PErPECCHH IO Ce-

B =

MU SKCIICPUMEHTAJIBHBIM TOYKaM:

3Ha4YeHHs apryMEHTa, i 1 2 3 4 5 6 7

3nauenns pyskumy, y | 2,35 | 241 | 2,60 | 2,73 | 2,90 | 3,11 | 3,25

7

19,35
Pewenue. y = —Zyl - Zyi = ’T =2,764;
i=1 i=1

lezn:x,:lix.:4
n iz l 73 l

ITo ¢popmyme (3.54)

n

Z(x —x i x - —2,764)
B == n = 7
Z(xi—)?)z Z(xl.—4)2

i=1 i=1

=0,157.

[To popmyze (3.55) momyvaeM UCKOMYIO 3aBHCUMOCTb

y=7+B,(x—X)=2,764+0,157 (x—4).

3.9.2. Bri6opouHbIil KO3 PuIUEeHT KOppeIANU

Kospuyuenm roppensyuu sBASCTCS KOIWYECTBEHHOW MEpOH,
YUUTBIBAIOIIEH CTOXAaCTHUYECKYIO JION0 KoJeOaHWH ); OTHOCHUTEIHHO
CpelHEeH Y TOJ| BIUSHUCM X;.

Br16opounbIit KOAQGUIIEHT KOPPEISIIUN BRIYHCISIOT IO PopMyIie




n

(xl. —)_c)(yl. _3_’)
_ =l
=S — (3.56)

TAC O U O), — BLI60pO‘IHLIC Cp€AHNE KBAAPATUIHBIC OTKIIOHCHUA,

(3.57)

KoahduiueHt Koppensiud HE MOXKET OBITh HCIOJIb30BaH IS
OIICHKH TEXHOJIOTHYECKOW BaKHOCTH (pakTopa. Ero BemuumHa yKa3bIBaeT
TOJIbKO HA TECHOTY CBSI3M MEXIY MEPEMCHHBIMH, a 3HAK — Ha XapakTep
BIUsHYS. 3HaueHUS Kod3(DdUIMEeHTa KOPPESIMKA HAXOAATCS B Mpeaeiax
-1<r<1:

mpu #<0 — yBETUUEHHE X BBI3BIBAET YMEHBIIICHHE V;

mipu >0 — yBeIUYEHHE X BBI3BIBAET YBEIHUEHHE V;

npu |r| =1 — CcBA3b MEXY X U ) JTUHEHHAs (yHKIMOHAIbHAS,

pu |r| = 0 — KOPPEJIIIUOHHOHN CBS3M MEXIY X M ) HET WM OHA He-

JUHEHHas.
Ecmu Beipakenue (3.56) npeoOpazoBath K BULY

Zn:(xi—f)(y,-—?)=r6x6y(n—l) (3.58)

i=1

U MOACTaBUTH B popmyiy (3.54), To momydum

Zl(xi_)_c)(yi_j}) rc.o, (n—l) rG,0, c,
Bl — = — = =ry—— . (359)

: —\2 : —\2 o’ c,
2. (% -%) 2. (%-%) ' ’
i=1 i=1
Otcroga BUIHA HETOCPEACTBEHHAS CBS3b KOA(PQPHULIMEHTA KOppes-
UH 7 U KodQduimenTa ; B ypaBHEHUH JINHEHHOW PErpecCHy, UX 3HAKU
BCET/Ia COBIIAIAIOT.
Bripaxxenus (3.56), (3.57) BbIpakaioT TECHOTY M BUJ CBSI3U MEXIY
MIEPEMEHHBIMH X U ).




Bomnpocs! aj1s1i caMOKOHTPOJIs

1. ChopmynupyiTe OCHOBHBIC IPUUMHBI HOSBICHUSI HEONPEIEIICH-
Hoctel. Kakue u3 HuX sIBISAIOTCS CyOBEKTUBHBIMY, a Kakue — 00BEKTHB-
HbIMHA?

2. Kak onmcrIiBaeTcst HEONpeneIeHHOCTh MAaTEMAaTHIECKH?

3. IlpuBeaure mpuMepsl MaTEeMaTHYECKOI'O OIMCAHMSA HEOIpene-
JICHHOCTEW B MalllMHOCTPOCHUHU.

4. Korza B 3a1aue MaTeMaTHYECKOIO MOJEINPOBAHUS IPUMEHSACTCS
CTOXaCTHYECKOE ONMCAHUE IEPEMEHHBIX ?

5. Jlatite onpeaeneHre GyHKIIMA U TNIOTHOCTH PACIIPEICICHU.

6. Mepbl TIOJNIOXKEHHUST M pacCessHUsl KPUBOH pactpesencHus. O0bsc-
HUTEC pa3inunuc MEXITy MO)IOI>'I, Me)Z[I/IaHOﬁ N MaTEMAaTHYCCKHUM OXHUIAaHUEM.

7. UTo xapakTepu3yloT JUCIIEPCHUA, CTAHJIAPTHOE OTKJIOHEHHUE, KO-
3G GUIHEHT Koppemnsun?

8. JlaliTe xapakTepHUCTHKH 3aKOHAM paclpeziesieHus: HOpMalTbHOMY,
OKCIIOHEHIIMAIIBHOMY, PABHOMEPHOMY.

9. Uto xapakTepu3yIOT HaYaJILHBIN U IICHTPaIbHBIC MOMEHTHI?

10. KBanTtunu pacnpeneneHus..

11. UnTepBanbHbIE OIEHKH, JOBEPUTENbHbIE MHTEPBANI U BEPOSAT-
HOCTb.

12. OmmOKM TUarHOCTHPOBaHUs MIEPBOTO U BTOPOTO poja, UX 3Ha-
YEeHHE.

13. CnocoOb! mpeacTaBIeHUs apaMeTPOB PACTIPECITICHUS: IMITUPH-
yeckas QyHKUUs pacpeesieHuns], IOIUTOH YacTOT, THCTOTpaMMa 4acToT.

14. Yto Takoe KOppenALnOHHOE 10JIe, INHUU perpeccun’?

15. MeTon HauMEHbBIIUX KBAJpaTOB AJIs MOJY4YE€HUSI YPaBHEHUS JIH-
HEWHOH pEerpeccuu.

16. KoaduumeHt Koppensnnu, ero CMbICI.



4. MATEMATUYECKUE MOAEIN
C AETEPMUHWPOBAHHbLIMWU CTPYKTYPAMHU

Pewenue npaxmuueckux 3aoau mamemamuyecKumu Memooamu
ocyuecmsnnemcs 8 ciedyrouell nocie0o8ameibHoCmuy: TIOCTAaHOBKA 3a-
Jlauy UCCIIeIOBAaHUs, BBIOOD THIIA U BUAA MAaTeMAaTUUECKOW MOJENH, aHa-
JIU3 pelIeHNs ypaBHEHUI MaTeMaTHYeCKOTr0 ONUCAHHUA.

Ilocmanoska 3a0auu ucciedo08anus ocywjecmeaisaemcs B BUe 3ajia-
HUSI KPUTEPUEB M3YyUCHMS WM YIpaBieHus o0bekToM. [Ipu atom ycra-
HaBJIMBAETCSl CXeMa B3aUMOCUCTBHS OOBEKTa C OKpY’Kalolled cpenow,
Y YYUTBIBAIOTCS TOJBKO CYIIECTBEHHBIE ()aKTOPBI, CUCTEMa MPEICTaBIISA-
€TCsl 3aMKHYTOH.

Bvibop muna mamemamuueckou mooenu ocyujecmensemcs Ha OC-
HOBE aHajlu3a JAHHBIX, MOJXYYEHHBIX INPH MOUCKOBOM JKCIEPUMEHTE.
IIpu 3TOM yCTaHaBIMBACTCS: TMHEWHOCTh WM HETMHEWHOCTD, THHAMUY-
HOCTh WJIM CTaTUYHOCTh, CTAMOHAPHOCTh WIIM HECTAIMOHAPHOCTH 00B-
€KTOB HMJIU CUCTEM.

Jlunetinocmos ycmanasnueaemcs 0 XapakTepy CTaTHUECKOM Xapak-
TEPUCTHKH 00BeKTa. [100 cmamuueckol Xapakxmepucmuxou odOvexma
MTOHUMAETCS CBSI3b MEXAY BEIMYMHON BHEIITHETO BO3JICHCTBHS Ha OOBEKT
(BeTMYMHBI BXOAHOTO CUZHANA) N MAaKCHUMAIbHOW BEIMYMHOM €ro peax-
MM Ha BHEIIHEEe BO3/AEHCTBHE (MAKCUMAJIbHOW aMIUIMTY[bl BBIXOJHON
XapaKTePUCTUKH cucmemvl). 1100 6b1X00HOU Xapakmepucmukou cucme-
Mbl TIOHIMAETCSI U3MEHEHHE BBIXOJHOIO CHUTHAjJa CHCTEMBI BO BPEMEHHU.
IIpuMeHeHue NUMHENHBIX MOJEIEH 3HAUUTENBHO YIPOLIAET AAJIbHEHIINI
aHaJIN3 00BEKTOB UITH CUCTEM.

HenuHelHOCTh CTaTHYECKON XapaKTEpUCTHKH W HAIMYHUE 3ama3fbl-
BaHMs B pearupoBaHuM 00BHEKTa HAa BHELIHEE BO3ICHCTBHE CBHICTEIBCT-
BYIOT 0 HeauneuHocmu obvekma. B 3ToM ciydae IJsl €ro MoJenupoBa-
HUS IPUMEHSETCA HEIMHEHHas MOZETb.

Pe3ynbpTraTel MOMCKOBOTO 3KCHEPUMEHTA TO3BOJSIOT yCTaHOBHUTH
CXEeMy B3aMMOJEWCTBUS OOBEKTa C BHEIIHEH Cpelod MO KOJIHYECTBY
BXOJHBIX 3B€HbEB. CXEMBI 83aUMO0€eliCEUs MOTYT OBITh CIIEIYIOLIHE:

® 00HOMepHO-00HOMepHas cxema (Ha OOBEKT HEHCTBYET TOIBKO
oIuH (aKTop, a ero MOBEJCHNE OLIEHUBACTCS TOJBKO MO OJHOMY BBIXOJI-
HOMY cHuTHany, puc. 4.1, a);



® 00HOMEpHO-MHO2OMepHAs cxema (Ha 00BEKT BO3ACHUCTBYET OIHMH
(akTop, a €ero MOBEJCHNE OLCHUBACTCS 110 HECKOJIBKUM BBIXOIHBIM CHI-
Hajam, puc. 4.1, 6);

® MHO2OMepHO-00HOMepHasi cxema (Ha OOBEKT BO3IEHCTBYET He-
CKOJIbKO (haKTOPOB, a MOBEJCHUE OIIEHUBACTCS MO OJHOMY BBIXOJHOMY
CUTHAITY, puc. 4.1, 8);

® MHO2OMEPHO-MHO2OMepHasi cxema (Ha OOBEKT BO3ACHCTBYET He-
CKOJIbKO (DaKTOpOB, U €ro MOBEJCHUE OLICHUBACTCS MO HECKOJIHKUM BbI-
XOJIHBIM CUTHajaMm, puc. 4.1, ).

N
X 3 X .
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Puc. 4.1. CxeMbl B3aUMOIENCTBHS 00BEKTA
C BHELIHEW cpenoit

Br16op oTpe3koB BpeMeHH, Ha KOTOPBIX YCTaHABIUBACTCS CTaTHY-
HOCTb WJIHA JUHAMHYHOCTH 00BEKTA, JOJDKEH OBITH 0OOCHOBAaHHBIM. Tak,
HaInpuMep, MPH BBIOOPE JOCTATOYHO OOJIBIINX OTPE3KOB BPEMECHH YCTa-
HOBJICHO, YTO OOBEKT WJIM CUCTEMa CTaTH4YHBI. ECIM yMEHBIIUTh HHTEP-
BaJl BpEMEHHU TO, MOXKET 0Ka3aThCs, YTO OOBEKT WM CUCTEMAa CTaHyT JIH-
HAMHYHBIMH.

Buibop euoa mamemamuueckou mooenu BKIIOYACT 3aJaHUE 00JIACTH
OTIpe/IC/ICHHsT UCCIICAYEMbIX MMapaMeTPOB OOBEKTa, MX OIPAaHMYCHUE M yC-
TaHOBJICHUE 3aBUCHMOCTEH MeXIy HUMHU. J[JI1 KONMMYEeCTBEHHBIX (YHCIIO-
BBIX) IAPaAMETPOB 3aBHCHUMOCTH 3aJal0TCS B BHJE CHCTEMBI ajreOpande-
ckux win audepeHIMaTbHbIX YPaBHCHUH, a ISl KAYECTBCHHBIX — B BUJIC
TaOJIMYHBIX CTIOCO0OB 3a1aHusl (VyHKIIAH.



4.1.MoaeaupoBaHie PABHOBECHBIX MPOLIECCOB

TexHomornveckoe 00OpyAOBaHHE, MPUMEHIEMOE B MallMHOCTPOU-
TEITBHOM TPOU3BOCTBE, HMEET PA3IHIHYIO CIOKHOCTB MO0 KOHCTPYKIIHU
U BBINOJHAEMBIM TpoueccaM. PasHogecHbiMiy HA3bIBAIOTCS MPOLECCHI,
B KOTOPBIX BHYTPEHHHE MapaMeTpbl 00bekTa (TemrepaTrypa, AaBJICHUE
U JIp.) HE 3aBHCAT OT KoopanHat. Ecim 0o60pynoBaHue oneHUBaTh 110 Ha-
JMYUIO HE3aBHCUMBIX MapaMeTpoB (YUCIy CTemeHed CBOOOIBI), TO 3TO
MOTI'YT OBITb cuUCmeMbl nepeoeo, 6Mopo20 Ul 0ojiee 8biCOKO20 NOPsAOKA.
Jns ananmmsa v CHHTE3a UX MapaMeTpOB CTPOSITCS] SKBUBAJICHTHBIE CXEMBI
1 Mozeny GyHKIMOHUPOBAHUSI.

IIpocmetiwumu cucmemamu A61A10MCA CUCHEMbL NEPBO2O NOPSOKA.
Hx moBeneHHe MOXET OBITH ONMHMCAHO YPAaBHEHUSMHU BHAA (IIPH TOCTOSH-
HBIX KO3 duLImeHTax)

)'c(t)zax(t)+bu(t), 4.1

rae x(¢) — mepeMeHHasi COCTOSHUSL; u(f) — BXOAHOE Bo3zeiicTBue; a U b —
MOCTOSIHHBIE KOA(PPUINUEHTHI;, U ecli KOOPPHUIUEHTHI ¢ U b SBISAIOTCS

(GYHKIISIMA BPEMEHH,
x(t)=a(t)x(t)+b(t)u(r). 4.2)

Ecau x(t) IIPUHATH B KAYECTBE BBIXOJHOW NIEPEMEHHOM, TO ypaBHe-

Hue (4.1) MOXXHO 3amHcaTh B BUIE
y(t)=cx(t)+du(t), (4.3)

TZie ¢ U d — BEIECTBEHHbBIC CKAJSIPHBIC KOHCTAHTBHI.
Henuneiinpie cucteMsl IepBOro nopsiaka ¢ nepeMeHHbIMU K03 du-
[MUCHTAMH OITUCHIBAIOTCS AU (HepeHIINaTbHBIMUA YPaBHEHUSIMH:

)'c(t)zf[x(t)], u(t), 1,

(4.4)

5(0)=a[x(0)). u(0). o

Ecau cucreMa MMeeT HECKOIBKO BLIXO/I0B, TO
x(t) = f[x(t)], u, (t), u, (t), ol (t), t, 45)

v () =a,[x(0)], w (2), wy[]. o, (1), 1.



TexHUYECKHE CHUCTEMBI, Y KOTOPBIX MAacChl IIEPEeMEIIaloTCs ¢ YCKO-
PEHUSIMU, OTHOCSTCSI K OUHAMUYECKUM CUCMEMAM, TIPA STOM BO3HUKAIOT
CHJIBl MHEPLUH, paBHBIE MPOM3BEICHUIO MacC Ha BTOpBIE MPOM3BOJHEIE
OT KOOPJMHAT 10 BpeMeHH. Takue CHCTeMbI OTHOCSTCS K cucmemam 6mo-
P020 nopsoxa.

[ToBeneHNE HEKOTOPBIX CHUCTEM BTOPOTO IMOPSAKA MOYKHO OIHCAThH
(ipu BXOAHOM BO3IEHCTBUH %(f) M BBIXOJHOM CUTHaiE y(f)):

— muddepeHIHanbHBIME YPAaBHEHUSIMA BTOPOTO TOPsAAKAa C MOCTO-
SITHHBIMHU KO3 QHULIHEHTAMHI

dzy p dy p du(t dzu t
dtg )+a1 d(t )+aoy(f)=bo”(t)+b1 d(t )+b2 dtg)

— IByMsI CBsi3aHHBIMH AH(QepeHIanbHBIMA YPaBHEHUSIMH TIEPBOTO
ropsiiKa

; (4.6)

X (t) =apx (f) +a,x, (Z) +bu (t),
X, (t) =dyX (t) +ayx, (t) +bu (1) (4.7

U ypaBHEHHEM
y(t)zclxl(t)+czx2 (t)+du(t). (4.8)

Monenu GyHKIIMOHUPOBAHUS peaTbHBIX 0OBEKTOB, MOBEICHHE KOTO-
PBIX OMHCHIBAETCS OOBIKHOBEHHBIMU TU(P(EpEeHIIHATLHBIMHA YPaBHEHUSIMU
(4.6), MoryT OBITH IPUMEHEHHI JIMIIL B YAaCTHBIX Cilydasx. B oOmem sxe
CIIydae TaKHe MOJIEIH ONMUCHIBAIOTCS T (hepeHINaTbHBIMHA yPaBHEHHSAMH
BTOPOIO TIOPSIIIKA C TepeMeHHbIME Kod(dunmentamu (4.2). Kinaccuueckuii
METOJ PEIICHNS TaKUX yPaBHEHHUI COCTOUT B OTHICKAHWH (DYHKIMIT B BUJIE
0ECKOHEUHBIX MOJHMHOMOB M OTpENeNieHHH (PYHKIIMH METOJIOM BapHaIlUH
MOCTOSIHHBIX.

4.2. MopaennpoBanne HepaBHOBECHBIX NMPOLIECCOB

B HepaBHOBeCHBIX MpoIeccax UCKOMbIC MEPEMEHHBIC, XapaKTepH-
3YIOIIHAE COCTOSIHUE O0BEKTa, 3aBUCIT HE TOJLKO OT BPEMEHH, HO W OT
koopauHat. IloBeneHne oObekTa B STOM ciydae omuchiBaeTcs anudde-
PEHIMATLHBIMU YPAaBHEHHSMHU B YAaCTHBIX MPOU3BOJHBIX. PaccMoTpum



9TH yYpaBHEHHS Ha MPUMEPE 3a]a4 TEIJIOMACCOIIEPeHOca B BA3KOM TETI-
JIOHOCHTENIE U TPEXMEPHOT0 O0BEKTa B MPSMOYTOJNBHOIN CHCTEME KO-
OpIMHAT.

[Ipoexknnn BeKTOpa CKOPOCTH TE€YEHHS U, V, W COOTBETCTBEHHO Ha
OCH X, y, Z TOJDKHBI IOAUUHSTHCS TU(PPEepeHIIMATLHOMY YpaBHEHHUIO He-
Pa3pbIBHOCTHU:

@_’_ a(pu) . ﬁ(pv) . a(pw)
ot ox oy oz

=0, (4.9)

TZie p — ITIOTHOCTB CPEIbL.
Huddepennmanbroe ypaBHeHHE MEpEeHOCa TEIUIOBOW SHEPTUH SIBIISI-
€TCs YaCTHBIM CITy4aeM MepBOro 3aKOHa TEPMOJINHAMUKU:

dr
S oawvir+ e (4.10)
dt pc

B KOTOPOM IOJIHAs! MPOU3BOHAsL TeMIIepaTypsl 1o Bpemenu d7/dt u ome-

parop Jlamnaca VT umeror Buj

T oT T T T T 9T 8T
d—:a—+ua—+v6—+wa—, ver 8L, 0T 0T (4.11)

+
d o o oy oz o’ 9y oz

KosddurimenT TemneparypornpoBogaocTi a = M(pc), [M*/c], xapak-
TepU3yeT TEIUIOMHEPIIMOHHBIE CBOHCTBa 00BekTa, A, [BT/(MK)], c,
[dx/(xr'K)] — coorBercTBeHHO KO3(D(UIMEHT TEIIIONPOBOJAHOCTH H
yJIe/bHAs TEIIOEMKOCTh; ¢y [BT/M’] — MOILHOCTb BHYTPEHHHX HCTOUHH-
KOB (CTOKOB) TeIuIa.

YacTHBIM ciTydaeM BTOpOro 3akoHa HeioToHa siBisiercst nuddepen-
[UATbHOE YPaBHEHHE ABMKEHHS BA3KOTO TEIUIOHOCUTEIS MO JeHCTBHEM
CHJI TSDKECTH, BHEIITHETO JAaBJICHUS U BSI3KOTO TpeHus (ypaBHeHue Hapbe-
Crokca), KOTOpOe MOKHO TPEJICTABUThH B BEKTOPHOU (opme:
d—W=g—lvp+vv2W, (4.12)
dr p



rae W(u v, w) — BEKTOp CKOPOCTH; Vp — IPAJUEHT NABJICHUS; V [MZ/C] —

KO3 UIIMEHT KHHEMaTHIeCKOH BS3KOCTH; g — YCKOpEHHE CBOOOTHOTO
TaICHUSI.

TermmooOMeH MeXIy TBepAOH MOBEPXHOCTHIO OOBEKTa M TEKydYei
BSI3KOW cpeiol omuckiBaeTcs auddepeHIuanbHpIM ypaBHEHHEM TeILIO-
OTJa4Y¥ B PUOIKEHUN TIOTPAHUYHOTO CII0S

T
L ‘2
n )0
- (4.13)

rae o, [Br/(M*K)] — ko3 GHUMenT TemIo0TauM; 71 — HOpMab K MOBEPX-
HocTH 00Bekrta; 71, T, — TemmepaTypbl COOTBETCTBEHHO IOBEPXHOCTH
00BEKTa U OKpY>KaroIeil cpesl.

Cucrema nuddepeHInaIbHBIX YPaBHEHAN B YACTHBIX MTPOU3BOIHBIX
(4.9)—(4.13) 3ambIKaeTCs yCio8UAMU OOHO3HAYHOCU, NAIOMIUMHU MaTe-
MaTHYeCKOE OIMMCaHWE BCEX YaCTHBIX OCOOEHHOCTEH paccMaTpuBaeMOro
SIBIICHUSI.

Paznuuarot cienyromue BUAbl yCIOBUNA OHO3HAYHOCTH.

1. I'eomempuueckue ycrosus — XapakTepusyoT HopMy U pa3Mepbl
TeJa WIA CUCTEMBI, B KOTOPOU MIPOTEKAET MPOIIECC.

2. Qusuueckue ycrosus — XapaKTepU3yIOT (U3NYECKHe CBOWCTBa
CpeIbl: TUIOTHOCTH, TEIUIONPOBOTHOCTD, BI3KOCTH, TETUNIOEMKOCTD H JIp.

3. Bpemennvle unu Hayanbhvie YCI08Us — XapaKTEPU3YIOT pacipe-
JieTIeHHEe TEMITEPaTyPbl M CKOPOCTH B 00BbEKTE B HAYAIILHBI MOMEHT Bpe-
MeHH. J[J1sT CTallMOHAPHBIX 3a/1a9 3TH YCJIOBHS OTCYTCTBYIOT.

4. I panuynsle yciosus — XapakTepu3yIOT pacrpezesieHie TeMIepa-
TYp U CKOPOCTEH Ha TPaHUIIE TeKydeH (KUIKOH, Ta3000pa3HOil) cpeabl.

I'panuunvie Kpaegvle ycnogus TEIIO0OMEHa XapaKkTepusyoT GopMy
TeJa W YCIOBHUS €ro TeIIo00OMEHa ¢ OKpyXKaromied cpenoil. PazmugaroT
YeThIpe BUJa TPAaHUYHBIX YCIOBHH TEIII0O00MEHa.

Ilpu epanuunovix ycrosusx 1-2o0 6uoa Ha IOBEPXHOCTH Tena i Ka-
JKJIOTO MOMEHTa BPEMEHH 33JIa€TCsI paclpeie]IeHne TeMIIepaTyphl:

T, :f(xn,yn,zn,t) . (4.14)



B dactHOM citydyae TeMiiepaTypa MOBEPXHOCTH MOXKET ITOJICPIKH-
BaThCS TIOCTOSTHHOM BO BPEMEHH, TaKasl TPaHUIA HAa3BIBAETCS M30TEPMH-

yeckoi: T = const.

Ilpu epanuunvix yciosusx 2-eo 6uda Ha TIOBEPXHOCTH Tesia IS Ka-
JKIOTO MOMEHTa BPEMEHH 3a/1aeTCsl ITIOTHOCTH TETIOBOTO OTOKA!

4y =1 (X0 Vo> 245 1) (4.15)

B uacTHOM cilydae IJIOTHOCTh TEIUIOBOTO IIOTOKA MOXET INOAJAEP-
JKHUBAThCs TOCTOSIHHOM BO BpeMEHH, ¢, = const,, J1u0O0 OBITH HYJIEBOH,

B TIOCJICJIHEM CIydae TpaHuIla HAa3bIBACTCS anabaTHOM.

Ilpu epanuunvix ycrogusx 3-20 6uda Ha TIOBEPXHOCTH TeNa Ui Ka-
JKJIOT0 MOMEHTa BPEMEHH 3aJ1aeTCsl TeMIepaTypa OKPyKarolleh cpebl u
3aKOH KOHBEKTHBHOI'O TEIUIOOOMEHA MEX]y MOBEPXHOCTBIO Tela U OK-
py>Karolen cpeaou:

—xa—Tza(Tn—Tc), (4.16)
on
rIie o — KOOQQHUIUEHT TEIIO0TIauH1, XapaKTEePU3YIOIIUI TIIOTHOCTH TeTl-
JIOBOTO MTOTOKA MPH SMHAYHOW PA3HOCTU TEMIIEPATYP MEXIy TOBEPXHO-
CTBIO TENa U OKpYyXaromiei cpegoii. OTMETHM, YTO TPAHWUYHBIC YCIOBUS
l-ro u 2-ro poaa SABISAIOTCS YAaCTHBIMM CIIy4asMHM T'PaHUYHBIX YCJIOBHUI
KOHBEKTHUBHOT'O TEILIOOOMEHa:

A oT
. a=o=>———"—= (TH _TC) =T, =T, — M30TepMHYCCKas rpa-
o Ou

HHUIIA;
2.a=0=gq, = (l(Tn -T, ) = ¢, =0 — annabaTHas rpaHuLa.

I'panuunsie ycnosus 4-20 6uoa OMHCHIBAIOT YCIOBHS TEIJIOOOMEHA

Ha TpaHMIle KOHTAKTa ABYX TEN:
5 9h_ L, oL _AT

1 - 2 - s

on on R

K

4.17)

rie R, [K-M*/Bt] — TermoBoe CONPOTHUBJIEHUE KOHTAKTA, 3aBUCHILEE OT JaB-
JICHWSI, 9UCTOTHI TIOBEPXHOCTEH U Mpyrux (aktopos; AT= T—1;, — mepemnan
TeMIepaTyp Ha KOHTAKTHUPYIOLIMX MOBEPXHOCTSIX. B yacTHOM cityuae upe-
anbHOro KoHTaKTa (R,=0)



M She, 2, (4.18)

T.e. K03()(PHUIHUEHT TEIIONPOBOIHOCTH U TEMIEPATYPHBIA I'PATUCHT 00-
PaTHO MPOMOPITUOHAIBHBI: YeM BbINIe KOIDOHUIIMEHT TEIIONPOBOJHOCTH
MaTepuana, TeM MEHBIIIEC B HEM TeMIIEPATyPHBIA IPaUCHT.

I'paHUYHBIC YCIOBUS I CKOPOCTH MOTYT XapaKTePU30BaTh HOJHOE
npuaunanue BSI3KOW Cpesibl K TBEPJIOH MOBEPXHOCTH,

w| =0. (4.19)
n=0

JuddepeHnuanbHpie ypaBHEHHS BMECTE C YCIOBUSAMH OJHO3HAYHO-
CTH NalT (HOPMYyIHUPOBKY KpaeBOW 3a/layd HEPaBHOBECHBIX MPOIECCOB
TEIUIOMAcCOIePeHOca B 00BEKTE, UMEIOIICH €AMHCTBEHHOE PEIICHHE.

4.3. BeluMcauTeIbHBIH IKCIIEPUMEHT
B 32/1a4aX TeXHOJIOTHHM MALIUHOCTPOCHMS

BuiuucnumenvHolm 9KCnepumenmom Ha3bIBa€TCSd METOAOJIOTHUS U TeX-
HOJIOTHSI UCCIIIOBAaHUHM, OCHOBAHHBIC HAa MPUMEHEHUM NPUKIATHON MaTe-
MaTHKH W KOMIBIOTEpPA KaK TEXHUIECKOH 0a3bl MPH WCIOIH30BAHUH MaTe-
MaTHYCCKMX MOJICIICH.

BrluncnurenbHbld SKCIEPUMEHT OCHOBBIBAETCSl HA CO3/aHUU Mate-
MAaTHYECKUX MOJIENEH H3y4aeMBIX OOBEKTOB, KOTOPBIE (OPMHUPYIOTCS
C TIOMOIIBI0 HEKOTOPOH 0C000i MaTeMaTW4ecKOW CTPYKTYpBI, CIOC00-
HOH OTpa)kaTh CBOMCTBAa O0OBEKTA, MPOSIBISEMbIC UM Ha Pa3IMYHBIX IKC-
TIePUMEHTAIBHBIX YCIOBHSIX.

MateMaTudeckue CTPYKTYphl MPEBPAILAIOTCS B MOJEIU B Cilydvae,
KOT'Jla 3JIEMEHTaM CTPYKTYPbI IaeTcsl (Pu3MyecKasi MHTEPIPeTalus, yCTa-
HaBIIMBACTCS COOTHOIICHUE MEXKAYy IapamMeTpaMd MaTeMaTHIeCKOH
CTPYKTYPBI M 3KCIIEPUMEHTAIBHO ONpe/IeIEHHBIMU CBOHCTBAMH OOBEKTA,
XapaKTEPUCTUKU DJIEMEHTOB MOJEIH M CaMOW MOJETH COOTBETCTBYIOT
CBOMCTBaM O0BEKTA.

Takum 00pazoM, MaTeMaTUYECKHE CTPYKTYPHI BMECTE C ONMCAHUEM
COOTBETCTBHS IKCIEPUMEHTAILHO OOHApYKEHHBIM CBOWCTBAM OOBEKTa
U SBIITIOTCSI MOJIENTBIO M3y9aeMOro 00bEeKTa, OTpakas B MAaTEMAaTHUECKOH,
CUMBOJIMYECKOH (popMe CYIIeCTBYIOIINE B MPUPOIE 3aBHCUMOCTH, CBSI3U
¥ 3aKOHEI.



Kaxnpiii BBIMUCIUTENbHBIN SKCIIEPUMEHT OCHOBBIBAETCS KaK Ha Ma-
TEMaTHIECKON MOIEIH, TaK U Ha TIPHEMax BBIYMCIUTEILHON MAaTEMATHKH.

Ha ocHOBe MaTeMaTH4ecKOro MOJCIMPOBAHMS W METOJIOB BBIYHCIH-
TEIHHON MaTEMaTHKHU CO3JaBAIMCH TEOPHUS M MPAKTHKA BEIYUCIUTEIHHOTO
DKCIIEPUMEHTA, TEXHOJOTHYECKUH IMKII KOTOPOTO pPa3ieisiercs Ha clie-
JTYIOIINE ITAIIbI.

1-i aram. Jlns uccnemyeMoro o0ObeKTa CTPOUTCS MOJIENb, OOBIYHO
¢usnueckas, Qukcupyromas pasaeieHre Bcex (akTOPOB Ha OCHOBHEIC
1 BTOpocTeneHnbie. OHOBpEMEHHO (DOPMYJIMPYIOTCS JTOIMYIICHUS U yC-
JIOBHSI TPUMEHUMOCTH MOJIENH, TPAHHMIIBI, B KOTOPBIX OYAyT CIIpaBeIIH-
BHI MOJTYUYEHHBIE Pe3yJIbTaThl. MOIenh 3aUCHIBACTCS B MATEMATHIECKUX
TePMHUHAX.

2-ii aram. PaspabateiBacTcsi MeTOJ pacuera Cc(HOpMYIUPOBAHHOM
MaTeMaTU4YecKol 3afaun. JTa 3a/1aya Npe/ICTABISCTCS B BUIE BBIULCIH-
TETBFHOTO aNTOpUTMa. BBRIUUCIUTENBHBIN SKCIIEPUMEHT UMEET MHOTOBa-
PUAHTHBIM XapaKTep, TaK KaK PELICHUs MOCTABICHHBIX 3a1ad 3aBUCST
OT MHOTOUYHUCJICHHBIX BXOJHBIX mapaMeTpoB. Co37al0TCs OOHOTHUIIHBIE
BAPUAHTHI 33aJa4M, OTJIWYAIOLIUECS 3HAUCHHEM HEKOTOPBIX MapamMeTpoB.
[ToaTOMy mpu OpraHU3alUKd BBIYUCIUTENBHOIO 3KCIEPUMEHTa HCHOJb-
3YIOT YUCJICHHBIE METOIBI.

3-ii aTan. Pa3zpabaTsiBaeTCsi arOpUTM U MporpaMma perieHus 3aja-
91 Ha KOMITHIOTEPE.

4-ii aran. IlpoBeneHne pacueToB Ha KOMIbIoTepe. Pe3ynbTaToM BbI-
YUCICHUH SBISCTCA MUPPOBOH MaTepHas, KOTOPBIA HEOOXOIUMO IIPO-
aHaJIM3UPOBaTh. TOYHOCTh MH(MOPMAIMH OTIPEICIIIETCS JOCTOBEPHOCTHIO
MOJEIH, TOJI0KEHHON B OCHOBY MOJIETIH.

5-# arar. OOpaboTKa pe3yIbTaTOB pacueTa, UX aHAIN3 U BHIBOJIBL.

BrruucnutensHbIi SKCIEPUMEHT UMEET UCKIIOYUTENILHOE 3HAUCHUE
B TeX CIyd4asX, KOTJa HaTypHbIE SKCIIEPHUMEHTHI U MOCTPOEHUE (pu3nde-
CKOW MOJIENTH OKa3bIBAIOTCS HEBO3MOKHEIMU. B HacTosIee Bpems co3fa-
HO OOIIBIIIOE KOJIMYECTBO MPOTPAMMHBIX MPOIYKTOB, PEATU3YIOIIUX BBI-
YHUCIUTENbHBIN 3KCIIepUMeEHT, Takux kak ANSYS, ADAMS, NASTRAN,
MARC u gp.



4.3.1. OCHOBBI METO0/1a CETOK

Pemenne kpaeBbIX 3a/a4 B KaKJOM KOHKPETHOM CIlydyae SIBJISETCS
JOCTATOYHO CIIOKHBIM TPOIECCOM. AHATUTHYECKOE PEIICHHE AAXKE OJ-
HOMEPHOTO YpaBHEHHS TEIUIONPOBOIHOCTH, sIBIsIOIIErocst aud depeHim-
ANBHBIM YpaBHEHHEM B YaCTHBIX IPOM3BOIHBIX MapadOIMYEecKOro THIIA,
TPYAHOOCYIIECTBUMO, €CIH WMETh B BUAY 3aBHCHMOCTH TEIUIO(pHU3NIE-
CKUX CBOWCTB OT TEMIIEPaTyphl, HETMHEHHOCTh IPAaHUYHBIX YCIIOBHH, T.€.
3aBHCHMOCTh WX OT TEMIIEPATYpPHOTO Moist. MOXHO CKa3aTh, YTO aHAJH-
THUYECKUE METOABI OKA3bIBAIOTCS MPAKTUYECKW HETPUTOJHBIMH IJISl Ha-
XOXICHUS NIBYX- M TPEXMEpHBIX TeMIepaTypHBIX MOJel B 00JacTsIX
CIIO)KHOH KoHGurypamuu. OT 3TUX HEIOCTATKOB CBOOOJHBI YHCIICHHEIC
METOABI, B KOTOPHIX AuddepeHranbHble OnepaTopbl 3aMEHSIOTCS all-
reOpamyecKuMy, TONYYafoIIruecs] MAaTPUIHbIE YPaBHEHUS PEHIaroTCs Ha
KOMITBIOTEPAX C HAXOXKICHHEM TEMIIEPaTyPHOTO TOJS B Y3JIOBBIX TOYKaX
KOHEYHO-Pa3HOCTHOM CETKHU.

OcHosHasi udes YUCIEeHHbIX MemOo008 COCMOUM 8 3aMeHe Henpepvls-
HbIX NPOU3BOOHLIX NO 8PEMEHU U KOOPOUHAMAM, 8X00uux 6 ougpepen-
YuaibHble YPaGHeHUs, ONUCHIBAOWIe HePABHOBECHbIE NPOYECChl NePeHoCd,
a makoice 8 Kpaesvle YCI08Usl, UX NPUOTIUNCEHHIMU 3HAYEHUAMU 8 OMOelb-
HbIX TMOUKAxX (Y31aX) KOHeuHO-pasHOCmHOU cemku. B pesynbprate Takon
3ameHbl quddepeHnnanbHas KpaeBas 3ajada CBOAUTCS K CUCTEME aire0-
pandeckux (MaTpUYHBIX) ypaBHEHHH OTHOCHUTEIIHLHO UCKOMBIX MTapaMeTpOB
B y3/1aX U A4YEHKaX CETKH.

B obmieM ciydae pacrofioXeHHE Y3JI0B CETKH B HCCIEAYeMOH 00-
JIACTH MOXKET OBITh MpOU3BONBHBIM. OHO ompenenseTcss 0COOEHHOCTIMU
pemiaemoi 3aaaun. Ha npakTuke 4acTo MPUMEHSIOT CETKY, pABHOMEPHO
MOKPBIBAIOUIYIO PAacUeTHYIO 00yacTh. Takas ceTka ¢ MOCTOSHHBIMH pac-
CTOSIHUSIMU MEXIy ONMKalImuMu y3Jmamu (IIaraMu CeTKH) Ha3bIBaeTCs
pezynsapuoi. DparMeHT TakoW CEeTKU MPUMEHUTEIHHO K OJTHOMEPHON He-
CTallMOHAPHON 3aJaue mokazaH Ha puc. 4.2. Y3ibl 3T0il ceTku ompene-
JISTFOTCST KOOPIWHATAMH



X, =(i—1) h_;

x?

i=1,2,3 ..,N+L h =H_N,
(4.20)

t?°

t,=(k=1) h; k=1,2,3, .5 h

rae N — gucio pa3OueHui mo tommuHe ciost H,; h,, h; — COOTBETCTBEHHO
[I1ary IpOCTPAHCTBEHHOH (10 X) ¥ BpeMEeHHOH (110 f) CeToK; i, k — Homepa
Y3JI0BBIX TOUYEK B HAIPABICHUU KOOPAWHAT X, f.

i=l, 2, 3, ., N N+1

3 he

h'lr

H,

Puc. 4.2. ®parmeHT ceTku

[MonyuynM npuGIIMKEHHBIE (AIPOKCHMUPOBAHHBIC) (HOPMYJIBI IS
MEPBOM U BTOPOI MPOU3BOAHBIX MEPEHOCUMON BEIUYUHBI (¢, X), BXOMS-
mei B auddepeHnuansHoe ypaBHeHUe mepenoca. s sToro paccMot-
puM ee pas3nokeHne B pan Teiiopa B HapaBIeHUH KOOPIUHATHI X B OK-
PECTHOCTH TOUKH X:

2 2
T(t,x)zT(t,x0)+aT(t’x0)x_xo+aT(tz’xo (=x) Lo
ox I ox 2!

Psn 6picTpo yOBIBaeT, U U1 HAXOXKACHUS TPUOTIKEHHOTO 3HAUCHHS
TIEPBOI TPOU3BOTHON MOXKHO OTPAaHHYUTHCS ABYMS YJICHAMH Pa3I0KEHUS.
Tpetnii unen paznoxenus (4.21), IBIAACH MaKCUMAJIBHBIM U3 OTOpPOIIIEH-
HBIX, XapaKTepU3yeT B 3TOM Cly4ae OMIMOKY ammpoKCHMAlWU WM Orpa-
HuyeHus. C TOYHOCTBHIO A0 OIIMOKHM ampOKCHMAlUuK MOXKHO 3alucaTrh
MIEPBYIO MPOU3BOIHYIO B KOHEUHBIX Pa3HOCTSIX:



oT (t,x) N T(t,x)-T(t.x,) (4.22)
ox X=Xy . |

Bribupas y3moBble TOYKM CIpaBa W ClI€Ba OT paccMaTpUBaEMOM
TOYKH X HA PACCTOSIHUM mmara h, (x=xo + h,, x=xo — /), MOKHO TIOJTYYHTh
u3 (4.22) popmyIsl IpaBo- U JIGBOCTOPOHHEH Pa3HOCTEH:

aT(t,xO) N T(t,x0 +hx)—T(t,x0)

9

x| h,
(4.23)
6T(t,x0) T(t,xo)—T(t,xO—hx)
o | ) h, '

s HaxoKAeHus! OIMOKK alpOKCUMAIMH TOJyYSHHBIX BbIpaXke-
HUI Bocmonb3yemcs psom Tetnopa (4.21), yuuTeiBas B HEM TPU WieHa
pasnoxxenus. [logctaBum B 3TOT psifl 3HAYSHUS X=X¢ U X=X(+/, U BEIUYTEM
13 BTOPOI'0 YPAaBHEHHUS IIEPBOE, B PE3YJIbTATE MOIYIUM

8T(t,x0)| . T(t,x0+hx)—T(t,xO)
o | h

n X

+0(h,), (4.24)

e O(hx ) — OCTaTOYHBIA WieH psana Teimopa, IMEIOIIHA TTOPSIOK Iara

CEeTKH /1,. B 3TOM cirydae, nMest B BUy IEPBYIO CTETICHb IIara CETKH B OC-
TATOYHOM 4YJICHE Pa3lIO’KEHUs, TOBOPSAT, 4yTo (popmyina (4.24) anmpokcu-
MaIli{ TIEPBOI MPOU3BOTHON UMEET nepablil NOPIOOK MOYHOCHIU.
Hcnonp3ys Hymepaluio y3JIOBBIX TOUYEK, MOXKHO 3aIlvicaTh IOITy-

YeHHbIE ()OPMYITbI OJJHOCTOPOHHUX Pa3HOCTEH JUIsl i-i Y3JIOBOW TOYKH Ha
k-M ci10€ TI0 BpeMEHH:

oT 7;+1,k - Y;,k or Z,k - 7;71,/(

— r——, — . (4.25)

ox |, h, ox |, h,

CpenHee apu(MeTHUECKOE 3HAUCHUE TIPaBO- U JIEBOCTOPOHHUX pas-
HOCTEH aeT GopMyIly HEHTPaJIbHON pa3HOCTH



or| T, -T.
22 A i+l,k i-1,k ) (426)
ox |, 2h,

BTtopas npou3somHast MokeT OBITh HalifieHa (hOpMaTbHO KaK MPOM3-

BOJIHAsl OT IIPOU3BOIHOM ¢ mpuMeHeHueM Gopmy (4.25):

or| or
82_5 _ofor) _oxl|, ox| N Tk _2T,2,k T @27
ox™ ) . Oox\dx ), h, h

ik
Otmerum, 4To HOpMYyJIBI EHTPAILHON pa3HOCTH (4.2) B BTOPOH Mpou3-
BOHOI1 (4.27) MIMEIOT BTOPOI MOPAJOK TOUYHOCTH, T. €. OHH Ha TOPSIOK
TOYHEH OPMYJ OJHOCTOPOHHUX pa3HocTei (4.25).

4.3.2. CxeMBbI anIIPOKCUMALNMHI YPABHEHHS TEMJIONPOBOAHOCTH

Ot anmpoKcHManuM OTAENBHBIX IPOM3BOAHBIX MEpeaeM K JHc-
KPETHOMY ITPEACTABICHUIO BCETO YPABHEHNUS TETTIONPOBOTHOCTH
2
or =a a—f (4.28)
ot Ox
CymecTByoIMe CXeMbI anMpOKCUMAIUHU JICJISATCS Ha sIBHBIE, KOT/a
BCE NMPOU3BOHBIC IO KOOPIMHATE B YPAaBHEHUH MIEPEHOCA 3aIIMCHIBAIOTCS
Ha «ctapom» (k—1)-M BpeMEHHOM cJO€ C WU3BECTHBIM paclpeleieHuEM
NepeHOCUMOT0 napameTpa 7, W HesBHBIE, KOTJa BCE MPOHM3BOJAHBIE II0
KOOpAMHATE B ATOM ypaBHEHHH 3AIHCHIBAIOTCS HA «HOBOM» k-M BpeMEH-
HOM CJIO€ C HeM3BECTHBIM pacipeseneHueM 7.
Hcnone3ys popmyiry 0IHOCTOPOHHEN pa3HOCTH [T POU3BOAHOM 11O
BpPEMEHH, a Takke (GOopMyly BTOPOH MpOM3BOIHOHN A Au(y3HMOHHOTO
YJIeHA YpaBHEHHUS, 3aITUILEM TIPHUMED SIBHOW CXEMBI allllPOKCUMAIINH:

7;,1{ _7;,1{—1 7;+1,k 1 27: k-1 7;—1,1{—1
=a . (4.29)
h h?
t X
[I1a60H 3TOW CXEMBI, MPEACTABISIONIUI (parMeHT CeTKU ¢ MHUHU-
MaJbHBIM KOJMYECTBOM Y3JIOBBIX TOUEK, IIPeCTaBieH Ha puc. 4.3.




0 Tk

Puc. 4.3. CeTounslii 11a0JI0H
SIBHOM cXeMBbl 1-ro nopsiika TOUHOCTU

SIBHas cxeMma ammpoKCcHMaIu ypaBHeHHS (4.28), 3aKxiIrodaroniasics
B 3aMEHE €ro JIEBOW YacTH OJHOCTOPOHHEH Pa3HOCTHIO, UMEIOIIEH Iep-
BBbII MOPSAOK TOUHOCTH, U 3aIMCH IIPABOM YACTU B KOHEUHBIX Pa3HOCTAX
Ha BPEMEHHOM clioe k—1, rie W3BEeCTHO pacmpenereHue mapamerpa 7,
MTO3BOJISIET TIOTYYHUTh SABHYIO (POPMYITY JUIS TEMIIepaTyphl:

2ah ah
T =Tipa | 1= hzt +h_2t(7;+1,k—1+7;—1,k—1)' (4.30)

Brluncnenus mo SBHOW cXeMe MEpBOro MOpsAKa TOYHOCTU YCTOM-
YHBBI, €CJIM KOA(QGUIHEHT NpHU 7T} ; OKa3bIBACTCS TOJIOKUTETHHBIM:

2ah
2’ > 0. (4.31)

X

DTO0 HaKIIa/IBIBAET OTPaHWYEHIE Ha BBIOOP II1ara CeTKH 10 BPEMEH!
2

h, < E (4.32)
2a

YcioBue yCTOWYMBOCTH SIBHOW CXeMBbI (4.32) SIBIISIETCS TOCTaTOYHO
sxkectkuM. Tak, npu H,=0,01 M, a=1,5 107 M¥e (ctamp), N=20, mar ceTku
o Bpemenu /1, < 0,0083 c. Heo6xoanMoCTh cyeTa ¢ MENKHM IIaroMm o
BPEMEHH MPHUBOANT K YBEINYCHUIO 00heMa BBIUMNCICHUN U SBISETCS Cy-
LIECTBEHHBIM HEIOCTAaTKOM, OIPaHUYUBAIOIIMM MPUMEHEHHUE SIBHOM cXe-
MBI TIEPBOTO TTOPSIIKA TOYHOCTH.

OT aTOrO0 HEemoCTaTKa CBOOOJHA HEsIBHAs CXeMa MEePBOTO IMOPSIKA
TOYHOCTH, ypaBHEHHE KOTOPOH B COOTBETCTBUU C MAOJIOHOM Ha puc. 4.4
AMEET BHT

1-—

];',k _T;,k—l —y 7;+1,k _27:,1{ + 7: Lk (4 33)
h2 . .

t X




O O -k

Puc. 4.4. Cerounslii m1abioH
HESIBHOM CXeMBI 1-T0 MmopsaKa TOUHOCTH

CortacHO 3TO¥ cXeme IpaBas 4acTh ypaBHeHHS (4.33) 3amuchIBaeT-
cs Ha k-M BPEMEHHOM CJIO€ C HEM3BECTHBIMH 3HadeHHsAMHU 1. Cxema He
JTAeT SBHOU (hOPMYIIBI JUIsL ONIPENIeIeHNs HeM3BECTHRIX 3HAYeHUH 1 B y3-
JIOBBIX TOYKAaX k-TO CJIOSI, a PUKCHUPYET JIHMIIb PAcIpe/ieTICHNUE:

AT ,+BT,+CT, ,=F, i=23,..,N, (4.34)
ah, 2ah,
rneA:C=—7; B=1+—~; F=T,,.

CootHomenus (4.34) oOpa3yroT 1js BceX BHYTPEHHHUX y3JIOBBIX TO-
YeK k-ro cJosi CUCTEMY JIMHEeHHBIX anreOpanyeckux ypaBHeHui (N—1)-ro
nopsiaka. Tak xak cxema aOCOJIOTHO YCTOHYMBA, TO CUET MOKHO BECTH C
JIOCTaTOYHO KPYMHBIMH LIaraMu 1o BPeMEHH. DTO, OJHAKO, IPUBOANT K
YBEJIMYEHHUIO OMIMOOK alMpOKCHMALMH YPaBHEHHS TEIUIONPOBOIHOCTH,
MOCKOJIBKY COOTHOILEHMS MEXAY LIaraMu CeTKU /i, U A, IpuU KOTOPOM
omnOKY anmpoOKCHMAIMY JIEBOM U MPaBOW YacTed 3TOTO ypaBHEHUS paB-
HBI, UMEET BU]

h = [(6a). (4.35)

YcaoBue (4.35) mokaswsIBacT, 4To JjIs 0OECICYCHUS MUHUMAIBHOM ITO-
TPENTHOCTH aIMPOKCUMAITUN YPaBHEHHUS TEIUIONPOBOIHOCTU CTYIIICHHE
MPOCTPAHCTBEHHON ceTkU B 2, 3, 4 pa3a IOJKHO BBI3BIBATH COOTBETCT-
BYIOLLIEE CT'YLIICHHE BPEeMEHHOMU CeTKU B 4, 9, 16 pas.



4.3.3. MeToabl penieHusi CETOUYHBIX YPABHEHU I

Pa3HOCTHBIE ypaBHEHUS, MOITYUYEHHbIE U3 HESIBHOW CXEMBI, SBISIOT-
cs, Kak OBUIO TOKa3aHo, JIMHEHHBIMU alreOpandecKuMU YpaBHEHHUSIMHU.
Ha ¢uxcupoBaHHOM BpPEMEHHOM cCJO€ AJSI BCEX BHYTPEHHHX Y3JIOBBIX
TOYEK 3TH ypaBHEHUS 00pa3yioT CUCTEMY

AT _ +BT +CT, =F, i=2,3, .., N, (4.36)
KOTOPYIO MOKHO 3a1ucaTtb B BEKTOPHO-MaTPpUYHOM BUE:
[H]{T}={F} (4.37)
Nin
(B C 1[= K,
4 B C T, F,
48 C LR (4.38)
as ||| |A,
L A B | T, F,

rae [H] — marpuna ko3ddunuentos; {7} — BeKTOp-cTONOEL HEU3BECT-
HBIX 3HaYeHWH NCKOMOTO napamerpa 7' B y3/IOBBIX TOUKaX; {F} — U3BeCT-
HBIH BEKTOP-CTOJI0EL, XapaKTepU3yIOLNI KpaeBble yCIOBUS U pacipene-
JeHue napamerpa 7' Ha mpeablayIeM BpeMEHHOM CIIoE.

Martpuna [H] obnagaer psaoM CreluaIbHbBIX CBOWCTB, KOTOPbBIE He-
00X0JIMMO UCIIONIL30BATh MPU PEUICHUH CUCTEMbI ypaBHeHUH. OHa MeeT
BBICOKUM MOPSAAOK, 3aBUCALIMNA OT I'YCTOTBI CETKH, KOTOpas MOXET I10C-
TUTaTh Uil COBPEMEHHBIX KOMIIBIOTEPOB HECKOJBKHX JECSTKOB THICSY.
Marpuna sBISIETCS PEOKO 3aloJHEHHOH C pa3MelleHHeM HEeHYJIEBBIX
AJIEMEHTOB 110 JIUATOHAJIH B TPH psijia. Takue MaTpHIlbl Ha3bIBAIOTCS JICH-
TOYHBIMH TPEXIUAroHAIbHBIMU. BaXHBIM CBOMCTBOM SIBIISIETCSI CUMMET-
pHsl MaTpULBl OTHOCUTEIBHO €€ AWAroHajH, BHITEKAIOIIasi U3 paBEHCTBA
ko3¢ ¢uiueHToB A u C. YKa3aHHbIC CBOWCTBAa MaTpUllbl [H] MO3BOJISIOT
3aHUMAaTh HE3HAYMTEIBHOE MECTO JUIsl €€ XpaHEHHUS B 3allOMHHAIOIIEM



ycTpoiicTBe KommbioTepa, [losromy martpumy [H]| Ha3bIBalOT MOPOXK-
JIAFOIIEICS B OTINYHUE OT XPAHAILICHCS MaTPHUIIbI.
[lepeiinem k paccMOTpeHUIO 3PPEKTUBHBIX CIIOCOOOB PELICHUs CHC-
TeMsbl (4.36).
Memoo npozonku

Meton TpOrOHKHU sIBIsieTCss MOAM(UKAMel MeTola HCKIIOUEHHS
I'aycca, yuntbiBaromnieil cBoiictsa marpuusl H. Pemenune cucremsl (4.36)
B Y3JIOBOW TOYKe WINETCS B BUAE JIMHEeHON pyHKnmu. B wacTtHOCTH, Amst
(i—1)-# Touku 3Ta QYHKIHS UMEET BHU]L

T, =BT +z, (4.39)

rae f3;, z, — HEM3BECTHBIE ITOKA BCIIOMOTATENIbHBIC kod(duruentsr. [Tox-

craBuM (4.39) B (4.36):

APB,T, +z,)+BT +CT,, = F,, (4.40)
OTKYZa HaXOJUM
C Az - F,
T =- I, —————-. (4.41)
AB, + B AB, + B

[lony4yeHHOE COOTHOLIEHWE UMEET Ty XK€ (QOpMy, 4TO U (QYHKIHS
(4.39), TOMBKO AJIA i-i TOYKH:

I = BH]T

i i+1

+z (4.42)

i+1°
OTKY/a 3aKII0YaeM, 4TO
C Az, — F,

B E = e/ B (4.43)

Bi+ = :
‘ AB. +B

Zi
[Tomydenubie K03 PHUIMEHTH HA3BIBAIOTCS MPOTOHOYHBIMHU KO-

¢dunentamu, a Gopmyiinl (4.42)—(4.43) narot nporienypy pelieHusl.
ChHauana nipu i = 2, 3, ..., N CUUTAIOTCS IPOTOHOYHbBIE KOA(PPHUIIHEH-

TH (4.43), Ipu 3TOM HadaJbHBIC 3HAYCHHS MPOTOHOYHBIX KO3 hHUIIHEH-



TOB [3,, Z, ONpEMENAIOTCS M3 IPAaHMYHBIX YCJIOBHMH Ha JIeBOH rpaHule.
Ota omepanusi Ha3bplBaeTcsl mpsiMoit mporoHkoi. I[locne ompenenenus
Bcex B,, z; B oOpaTHOM HampasieHuu (i=N, N—1, ..., 2) ¢ yueToM 3Haye-
Hus napamerpa Ty , HAMJIEHHOTO U3 IPAaHUYHOIO YCJIOBUS Ha MPaBoi
rpanuie, o ¢popmyie (4.42) mocienoBaTenbHO HAXOISITCS HEU3BECTHBIC

3HA4YCHUA T; B Y3JIOBBIX TOYKaX CCTKH.

OmnpeeneHne HAYaIbHBIX 3HAYEHHI TIPOTOHOYHBIX KO PHUITHEHTOB
paccMOTpHUM Ha MPUMEpPE MPAaHUYHBIX YCIOBHH KOHBEKTHBHOTO TEILIO00-
MmeHa (3-ro Buga). Ha neoii rpanune (puc. 4.5)

Wz (1,7, (4.44)

0 x
i. %/
)
=1

2 3 i=N-1 N  N+1

a 7]
Puc. 4.5. ®parmeHT ceTku y J€BoO¥ (@) U IpaBoii (6) TpaHHUIT

VcioBre MOKET OBITE MpEeACTaBJICHO B KOHCYHO-PAa3HOCTHOM BU/JC!:

T,-T
xfw (1,-T.). (4.45)
OTtcroga HaxoquM
A
T

[=—0h . Ze (4.46)

A A

I+— I+—

ah oh



CpaBauBas 3Ty GopMyity ¢ cooTHOIIeHUEM (4.42) 1Tst IEBOM TPAHUIIBI
T, =B,T, +z,, (4.47)

MoJry4yacM Ha4YaJIbHBIC 3HAYCHU S IMTPOTrOHOYHBIX KOB(b(bI/IHI/IeHTOB

A
T
p,=—0 . ;- . (4.48)
I+— I+—
ah oh

VYcnoBue TemmooOMeHa Ha TpaBoii TpaHUTIe

oT
A—=a (T,-T,) (4.49)
0 x
B KOHEUHBIX Pa3HOCTSIX UMEET BUJ
T, —T,
AN = (T, -T). (4.50)
Otcroga HaxoIuM
A
< +1 T
T, = a;\‘ Ty — 75 : (4.51)
ah ah
3anuiem cooTHomeHue (4.42) amst mpaBoil rpaHULIBL:
Ty =ByaTya + 2y (4.52)

[TpupaBuuBas npassie gactu (4.51), (4.52), moydnM HCKOMO€E 3HA4YEHHE
TEeMIIEpaTypbl HA IIPaBOil rpaHULIe:

Kh Zya +1,
T, =—2 : . (4.53)

1+@(1_BN+1)



Takxum 06pazoM, aITOPUTM METOJIa TPOTOHKH UMEET CIICTY O BUJT;:
A

__oh . . __I
B:_H A 1+ A
oh ah
B = ¢ . Az, -F 5 v
il — b i =T 5 i=2, 3, .., ,"_
AR, + B AB, + B 4.54)
A Zya + T,
__oh -
Tva= A T =BT + Zuy
- -
i=N, N-], .., L

B xagecTBe TecTa A1 MPOBEPKU MPOrpPaMMbl PACCMOTPUM MPUMED
CTaIIMOHAPHOW TETUTOMPOBOIHOCTH TIOCKOM CTEHKHU NMPH TPaHUYHBIX yC-

JIOBUSAX MICPBOTO poaa ((XZOO). Pemmenue 3aga4ud ME€TOJ0M CETOK OacT CHUC-
TEMY ypaBHeHI/Iﬁ C 'pPaHUYHBIMHA YCIIOBUSAMMU:

(4.55)

[pu uucne pasbuennit N=4, rpannunsix yciaosusx 7,=100, 7,=200 cuc-

TeMa uMeeT cruenytouiee pemenue: 7,=125, 75=150, T,=175. 3anumem
3Ty CUCTEMY B BEKTOPHO-MaTPUIHOH Qopme:

2 1 0] (n) (-100
1 =2 1 |4T =1 0 ¢,
0 1 =2||r] [-200

AITOPUTM MPOTOHKH (4.54) peanmzyercs 1y 3Toi cuctembl ipu A = C =1,
B =-2 cnemyromum obpazom:



h A C 1 1
B,=—2—=0; z, = =100; B,=- =-— =—;
s s AB,+B  1:0-2 2
oh oh
Az,~F, 1-100-0 C 1 2
=22 =50; B,=- = ==,
AB, +B 1-0-2 AB,+B  1-1/2-2 3
Az,-F, 1:50-0 100 B C 1 3
z, =~ =- =— PBs=- =- =—
Y Ap,+B -3/2 37 7 4B,+B 1.2/3-2 4
A +7
Az,—F,  1.100/3-0 ah 5Tl
z =— Zy 4 _ / =25 T5=ah—=7;=200;
AB, +B 1-2/3-2 A
1+@(1—35)

3 2 100
Ty =Bily+ 25 = 200425 <1753 Ty =BT, + 2, =175+ —==150;

1
T, =BT, +z325150+502125; T, =T, =100.

OCHOBHBIM HEJOCTATKOM METO]Ia IIPOTOHKH SIBJISFOTCS OIIMOKH OK-
PYTJICHUS TIPU BBIYUCICHUH MPOTOHOYHBIX KOA(PHUIIMEHTOB. DTH OIINO-
KM BO3PACTalOT C YBEJIMYCHHUEM IOPSIKa CHUCTeMbI. [ yMEHBIICHUS
3TUX OLIMOOK PEKOMEHIYETCS CUMTATh 3TU KO3(PPUIIMEHTHI C JBOHHON
TOYHOCTEIO.

Memoo nociedosamenbHoll TUHEHHOU 8EPXHell PelaKcayuu

Hapsiny ¢ npssMbIMu MeTOOaMu JUIsl pELICHUS] CETOUHBIX YPABHEHUI
MPUMEHSIOTCS UTePAllMOHHBIC METOIBI, AIOIIME PEIICHHS B BUIE Tpee-
Jla TIOCJIEeIOBATEeILHOCTH OJHOOOpa3HBIX uTeparwii. OCHOBHOE UX TIpe-
MMYIIECTBO Tepe] MPSMBIMU METOAAMH 3aKJTI0YACTCS B CAMOKOPPEKTH-
pYIOIIEMCSl PEUICHHH, IArollleM MWHUMAIbHBIE OIIMOKH OKPYTJICHHUS.
[IpuBiekaeT B HUX U MPOCTOTA BBIUUCIUTEIBHOIO aITOPUTMA.



Paccmotpum onnH 13 3G GEKTUBHBIX UTEPAIIMOHHBIX METOJIOB — Me-
TOJI MOCJICAOBATEIILHOM JINHEHHON BEpXHEH pesakcalvy, UTepalliOHHas
IporeIypa KOTOPOro MPUMEHHTEIHFHO K pa3HOCTHOMY ypaBHEHUIO (4.36)
HMEET BU]I
Y

5l

T‘]

1

4 -CTL )+ (1-9) T, i=2,3, .., N, (4.56)
I/ie ¢ — HOMep UTepalum; Y — napameTp penakcaruu. [Ipu y =1 momydva-
€M TIpoliecC MOCIe0BaTebHBIX CMEIIEHUH, WK TIporiecc 3einens. Bae-
JIeHre TapaMeTpa BepxXHeW penakcaruu 1<y <2 TO03BOJSIET YCKOPHUTH
CXOAMMOCTh UTEPAIIMOHHOTO Ipolecca (4.56), mpuueM HanOoIbIIasi CKO-
POCTh CXOAMMOCTH UMEET MECTO MPH ONTUMAILHOM 3HAYEHHUH MapaMeT-

pa penakcauuu y =y __ . I[locnenHee 3aBUCUT OT MOpsAKa CUCTEMBI U MO-

ont

JKET OBITh BEIYHUCIICHO Yepe3 YUCII0 pa3OneHnd pacueTHOM 00IacTH:

Yomr = . (4.57)

Ora Qopmyra mpruMeHUMa I OJHOMEPHON OOJIACTH C PETYIISIPHON CeT-
koi. Pacuer o dopmyne (4.56) ¢ yuerom (4.57) nmpoaoinkaercs 10 TeX
Mop, IMOoKa MCKOMOE pellieHne He OyAeT YIOBICTBOPATH TpeOyeMon Tod-
HOCTH

74!
1- = <e. (4.58)

B kauecTtBe TecTa JUIsi KOHTPOJIS HUTEPallMOHHOTO Ipoliecca pac-
CMOTPHM CHUCTEMY YPaBHEHHI C TPAHUYHBIMHU YCIOBUSIMHU:

T;'—l _2]—; +T;‘+1 =0,
i=2, 3, ., N, b (4.59)

T=T; Ty, =T,

+1



[Ipu uncne pazouennii N=4, rpannuneix ycnoBusix 1,= 200, 7,=100

1 y =1 pe3yibTaThl MEPBHIX UTEPALIUil IpeCTaBICHBI B Ta0I. 4.1.

Ta6nuua 4.1

3HayeHMsl IEPEMEHHBIX IPU PELIeHUH 3ajaun
UTEPALMOHHBIM METOJIOM

Howmep Howmep Touku cetku
UTepaIn 1 2 3 4 5
0 0 0 0 0 0
1 200 100 50 75 100
2 200 125 100 100 100
3 200 150 125 112,5 100
4 200 162,5 137,5 118,75 100
5 200 168,75 143,75 121,875 100
TOYHOE 200 175 150 125 100
pemeHne
4
OTHOCHTeNIbHAs OMIMOKA B TOUKE [ = 2: 1—T—25 =1- 162,5 =0,037,
T 168,75

2

4yTo cocraBisieT 3,7 %. D10 maneko oT TpeOyeMoil TOYHOCTH, KOTOPYIO

BBIOMpAIOT B Mpenenax €=35- 107 -1-107, MO3TOMY HUTEpaIIOHHBIN

npoiecc Heo0X0AUMO MPOIOIKUTh.

BOl'lpOCBI AJist CAMOKOHTPOJIsA

1. Kakue mpouecchl Ha3pIBalOTCS PAaBHOBECHBIMU?
2. MonenupoBaH#e MPOCTEUIINX CHCTEM TIEPBOTO MOPSIIIKA.
3. MojenvpoBaHue TUHAMUYECKUX CUCTEM.
4. nddepeHnmanbHoe ypaBHEHHE HEPa3pBIBHOCTH, ero (pu3mde-

CKHH CMBICII.

5. nddepennnanpHoe ypaBHEHHE TIepeHOCa SHEPTUH, eTo (hu3nye-

CKHUH CMBICII.

6. uddepenimanbHoe ypaBHEHHE JBUKEHUS BSI3KOTO TETUIOHOCH-
Test, ero GU3NIECKUIA CMBICI.




7. duddepeHunansHoe ypaBHEHHE TEILIOOTAAaYd B IMOTPAHUYHOM
clloe.

8. luddepeHnumanbHOe ypaBHEHNE TETUIONPOBOAHOCTH, €Tr0 (hU3U-
YECKUH CMBICIL.

9. Bupl rpaHUYHBIX YCIOBUH B 331a4aX TETUIOPOBOJHOCTH.

10. DTamnbl BEIYUCIUTEIHLHOTO IKCIIEPUMEHTA.

11. OcHoBBI MeTONa ceToK. KoHeuHo-pa3HOCTHAs 3aluch MEPBOH U
BTOPOMU ITPOU3BOJHBIX.

12. SIBHasg 1 HesBHasg CXEMBbl aNIMPOKCHUMALMU ypaBHEHHs TeEILIO-
MIPOBOAHOCTH.

13. BekTopHO-MaTpU4HOE MPEICTABIEHNE CETOUHBIX YPaBHEHHH.

14. MeToa NMPOTOHKM pelIeHUs MaTPUYHBIX YpaBHEHMH U €ro pea-
JU3a1ys Ha KOMIIBIOTEpe.

15. UTepanOHHBIM METOJ IMOCIEI0BATEIHHON JTHHEHHON BEpPXHEM
peNaKkcalyy peleHusl MaTpUYHbIX YpaBHEHUH U ero pealn3anys Ha KOM-
IIBIOTEPE.



5. OKCMEPUMEHTAIbHbIE UCCNEOOBAHUA

5.1. MeToabl 3KCIIEPUMEHTAJIBHBIX HCCJIEI0BAHUM

CocTaBHOI YacThI0 HAYYHBIX HCCIICIOBAHUN SIBISETCS DKCIICPH-
MEHT, OCHOBOH KOTOPOIO SIBJISIETCSI HAYYHO IOCTABJIEHHBIHN OIBIT C TOYHO
YUYUTBHIBAEMBIMU M YIPaBISIEMBIMH YCIOBUAMU. CIIOBO 3KCIEPUMEHT
MIPOUCXOAUT OT JIaT. experimentum — Mpo0da, ombIT. B HaydHOM SI3BIKE U
WCCIIEZIOBATEIbCKON paboTe TEPMHUH «IKCHEPUMEHT» HCIONB3YeTCs B
3HAYEHWH: OIIBIT, HAOJIOJEHNE, BOCHPOM3BEACHHE OOBEKTa IO3HAHMS,
OpraHM3anus OCOOBIX YCIIOBHH CYIIECTBOBAaHWS, MPOBEpPKA MpecKasa-
Husa. [loHsTHE «OKCHEpUMEHT» O3HAdaeT NEHCTBUE, HAIPABICHHOE Ha
CO37IaHUE YCJIOBUU MJISi OCYIIECTBICHUS TOTO WJIM WHOTO SIBICHUS U TIO
BO3MOXKHOCTH HauboJiee 4acToro, T.€. He OCIOXHEHHOTO JPYTHMU SIBJIC-
HUSIMHU.

Ienb SKCIIeprMEHTa — BISIBJICHUE CBOWCTB HCCIIEIYEMbIX OOBEKTOB,
MPOBEpKa CHPaBEAJIUBOCTH THIIOTE3 U HA dTOM OCHOBE TIyOOKOE HM3ydUe-
HUE TEMBI HAYIHOTO UCCIICAOBAHMS.

ITocTanoBka u opraHm3aius dKCIEPUMEHTa OIpPEaeIIsIeTCs ero Ha-
3HAYEHUEM. DKCIEPUMEHTBI, IPOBOJIUMBIE B PA3IMYHBIX OTPACIIX HayK,
MOTYT OBITh XUMHUYECKHMH, OHOJIOTHIECKUMH, (PU3MIECKUMH, TICHXOJIO-
TUYECKUMU, COLUATIBHBIMU U T.J.

OKCIIEpUMEHTHI Pa3InIatoTCs 10 CIIoco0y (OPMHUPOBAHUS YCIOBUAN —
€CTECTBEHHBIX U HCKYCCTBEHHBIX. DKCIEPUMEHTHI Pa3ivyaroT MO LEIsIM
WCCIIEIOBAHUS — MIPeoOpasyrolire, KOHCTATUPYIOIINE, KOHTPOIUPYIOIIHE,
MOMCKOBBIE, PEIAIONINE. ODKCIEPUMEHTHl pa3iNyaloT [0 OpraHu3aluu
MIPOBEJICHUSI — JIaOOpPaTOPHBIC, HATYpHBIC, TOJECBBIC, POU3BOICTBEHHBIC,
BBIUUCIUTEIbHBIC U T.J1. [10 cTpyKType n3ydaeMbIX OOBEKTOB U SIBJICHUN —
npocThle U cloXHbIe. [0 xapakTepy BHEIIHHX BO3ACHCTBHI Ha OOBEKT
MCCIICIOBAHUS — BELICCTBEHHBIC, SHEPreTHIeCKUe, HHPopMaImonHsie. 11o
XapaxkTepy B3auMOJICUCTBUS CPEJCTBA IKCIEPUMEHTAIBHOIO HCCIIEN0BA-
HUS ¢ O0BEKTOM HCCIICIOBAHUS — OOBIYHBIA U MOICIBHEIN. [1o THIy Mome-
JIed, UCCIIeIyEMBIX B 3KCIIEPUMEHTE — MaTepUalbHbIM U MbICIEHHBIA. [1o
KOHTPOJIUPYEMBIM BEJIMYMHAM — TACCUBHBIN M aKTUBHBINA. [lo unciy Bapb-



ApyeMbIX (aKToOpoB — OAHOGAKTOPHBIA 1 MHOTO(aKkTOpHBIA. [lo xapakTe-
Py M3y4aeMbIX OOBEKTOB WM SIBIICHUI — TEXHOJIOTUYECKHE, COIHOMETPH-
YEeCKHe U T.II.

Jyist poBeJICHUs SKCIIEPUMEHTA HEOOXOIMMO:

& pa3paboTarh TUIIOTE3Y, MOJICKAIYIO TPOBEPKE;

® CO3/1aTh MPOTPAMMY IKCIIEPUMEHTAIBHBIX Pa0oT;

® OTIPEACITUTh CIIOCOOBI ¥ IPUEMBI BMEIIATEILCTBA B O0BEKT HCCIIE-
JIOBaHUS;

® 00ECICUYNTh YCIOBUS JIsi OCYIIECTBICHHS MPOILEAYPhI SKCIEpPH-
MEHTAJILHBIX PaboT;

e pa3paboTaTh HprUeMbl GUKCHUPOBAHUS X0Ja M PE3yIbTaTOB JKCIIe-
PUMEHTA;

® [IOJITOTOBUTDH CPENICTBA DKCIIEPUMEHTa (IPUOOPHI, YCTAHOBKH, MO-
JeTH U T.I1.);

® 00eCeunTh IKCIEPUMEHT HEOOXOUMBIM O0CITYKUBAIOIIUM IEp-
COHAJIOM.

Oco0oe 3Ha4YeHHE UMEET pa3paboTKa METOIUKH dKcriepuMenTa. [le-
PeA KKIBIM DKCIIEPUMEHTOM COCTaBISIETCS TUIaH (TIporpamMma), KOTOPbIi
BKITIOYACT:

1) menb W 3ama4u dKCHEpUMEHTa (KOJMYECTBO 3ajad HE JIOJHKHO
OBITH CITUIIKOM OONBIINM, Jy4ulie 3 win 4, MakcuManbHo 8—10);

2) BBIOOp BapbHPYyOMUX (PAaKTOPOB; YCTAHOBUTH OCHOBHBIE U BTO-
POCTENEeHHbIC XapaKTCPUCTHKH, BIHSIONUEC HA HCCIEAYEMBIH TMporece,
MPOAHAIM3UPOBATh PACUCTHBIC (TEOPETUYECKUE) CXEMBI Tpoliecca; Ha
OCHOBe aHaim3a Bce (aKTOphl KIACCU(DHUIUPYIOTCS, H U3 HUX COCTaBIIs-
eTcsl YOBIBAIOIINH 110 BAXXHOCTH JIJISI TAHHOTO SKCIIEPHUMEHTA PSIL;

3) obocHOBaHNE 00BEMa SKCIIEPUMEHTA;

4) ompeneneHUE YKCIa OMBITOB (TI0 BEPOSITHOCTH TIOSIBJIICHHUS COOBI-
THS p ¥ BEIIMYHMHE JOIYCKAEMOM OIIMOKU My, ); IOl MUHHMAJIBHBIM KO-
JMYECTBOM M3MEPCHHI MOHUMAIOT TaKOE KOJIMYECTBO U3MEPEHUH, KOTO-
poe B JJaHHOM OIbITe 00eCIeYnBaeT YCTOHUYNBOE CpeHee 3HAUCHUE H3-
MepsIeMOH BEJIIMYHMHEI, YIOBIETBOPSIOIICH 33JaHHOM CTENIEHH TOYHOCTH;

5) MOPSAIOK pean3aliu OMbITOB;

6) ompeecHNE MOCIeI0BATEIFHOCTH H3MEHEHHS (PaKTOPOB;



7) BBIOOp mIara u3MeHeHus (PaKTOPOB, 33JaHNE UHTEPBAIOB MEXKIY
OyIyIIUME SKCIIEPUMEHTAIBHBIMHA TOUYKAMU;

8) 00ocHOBaHME CPEJCTB U3MEPEHHIT; 3HAKOMCTBO C U3MEPUTEIHHON
anmnaparypoil, yCTaHOBJIEHHME TOYHOCTH HM3MEPEHHH M IOrPEIIHOCTEM;
METOJBI M3MEPEHUH MOIDKHBI 0a3upoBaThCS Ha 3aKOHAX METPOJIOTHH,
U3yyaroleil cpecTBa M METOAbI H3MEPEHHIA;

9) onncanmue MPOBEICHNS IKCIIEPUMEHTA;

10) obocHOBaHWE cIOCOOOB OOpPaOOTKM W aHajuM3a pe3ylbTaToB
9KCTIIEPUMEHTA.

O06paboTKa TaHHBIX CBOAWTCS K CHCTEMAaTH3aIMK Bcex Mudp, Kiac-
cuduKanum, aHanu3y. Pe3ynpTaTel sKCriepuMeHTa 00BIYHO O(OPMIISIFOT B
BUze Tabmuy, rpadukoB, GopMyl, HOMOrpaMM. Bce mepeMeHHbIe JOIK-
HBI OBITH OLICHEHBI B €IMHON CUCTEME eIUHHIL (PU3MUECKIX BETUUNH.

W3 uncna Ha3BaHHBIX TIPU3HAKOB e€CMECMEEHHbIN IKCHEePUMEHM
NpeAroiaraeT NPOBEJCHNE OINBITOB B €CTECTBEHHBIX YCIOBHUSX CYyIIECT-
BOBaHHUSI 00BEKTA UCCIIEIOBAHMUS (Yalle BCETO MUCIIONB3YeTCsl B OMOJIOTH-
YECKHX, COI[UANIBHBIX, ITeJarOTHYECKIX U IICUXO0JIOTHYECKUX HAyKaX).

Hckyccmeennviil sxcnepumenm mpennonaraeT (GopMHpOBaHUE HC-
KYCCTBEHHBIX yCIOBUH (IIUPOKO MPUMEHSIETCS] B €CTECTBEHHBIX M TEXHU-
yecknx Haykax). [lpeoOpasyromuii (co3uaarenbHbIN) SKCIIEPUMEHT
BKJIIOYaeT aKTUBHOE M3MEHEHHE CTPYKTYpHI U QPYHKIHMH 00bEeKTa Hccie-
JIOBaHHSA B COOTBETCTBUH C BBIIBUHYTON THIOTE30H, (hOpMUPOBaHUE HO-
BBIX CBSI3€H M OTHOIICHHWHA MEXIy KOMIIOHEHTAMU OOBEKTa WM MEWKIY
UCCIIelyeMbIM 00BEKTOM U JIPYTUMH 00bekTaMu. KcciieoBarenb B COOT-
BETCTBHUH CO BCKPBITHIMU TEHSHIIMSIMHA Pa3BUTHS 00BEKTa UCCIICIOBAHUS
NpeIHaMEPEeHHO CO3[aeT YCIOBHs, KOTOpPbIE IOJKHBI CIIOCOOCTBOBATH
(hOpMUPOBAHUIO HOBBIX CBOMCTB U KA4e€CTB 00BEKTA.

Koncmamupyrowuii 5KCIEpUMEHT HUCIIONB3YETCSI TSl IPOBEPKHU OTI-
pellesIeHHBIX MPEoIokeHni. B mponecce 3T0ro skcnepuMeHTa KOHCTa-
TUpPYETCsl HATMYME ONpPEACTICHHONW CBS3M MEXIYy BO3ICHCTBHEM Ha 00b-
€KT MCCIIEIOBAaHUS U PE3yJIbTaTOM, BEISBIIAECTCS HAMYHE OIPENEIeHHBIX
(bakxToB.

Konmponupyrowuii sxcnepumenm CBOOUTCS K KOHTPOIIO pe3yJibTa-
TOB BHEIIIHUX BO3JICHUCTBUI Ha OOBEKT UCCICIAOBAHUS C YUYETOM €ro CO-
CTOSTHUSL, XapaKTepa Bo3JeHCcTBUS 1 0kuaaeMoro s dexra.



Tlouckoewiti SKCTIEPIMEHT TPOBOIUTCS B TOM CIIydae, eciii 3aTpy/I-
HeHa Kiaccuukanus (QakTopoB, BIMSIONIMX HA HM3y4aeMoe SBIICHHE
BCJIEICTBHME OTCYTCTBHSI JOCTATOYHBIX INPENBAPUTENHHBIX (aIpPHUOPHBIX)
nmaHebIX. [lo pe3ynbraTaM MOWCKOBOTO SKCIEPHMEHTa yCTaHABIMBACTCS
3HAYMMOCTh (PAKTOPOB, OCYIECTBIISIETCS] OTCEUBAHUE HE3HAYMMBIX.

Pewarowuii sxcriepMeHT CTaBUTCS JJIs IPOBEPKHU CIIPaBEATMBOCTH
OCHOBHBIX TOJIOKEHHH (DyHIaMEHTaJbHBIX TEOPUI B TOM CiIydae, Koraa
JIB€ WJIM HECKOJIBKO TUIIOTE3 OJAMHAKOBO COIJIACYIOTCS CO MHOTUMH SIBJIE-
HUSAMH. DTO corjacue MPUBOAUT K 3aTPyAHEHUIO: KaKyl0 UMEHHO U3 TH-
MOTEe3 CUMTATh NMPaBUIILHOW. Pemarommii sKCiepuMeHT JaeT Takue (dak-
ThI, KOTOPBIE COTJIaCYIOTCS C OJJHOM M3 TUIIOTE3 U MPOTUBOpEYaT IPYrou.

[IpumepoM peraromero SKCrepuMeHTa CIy’>KaT ONBITHI 110 MPOBEp-
K€ CIpaBe/UIMBOCTH HBIOTOHOBCKOM TEOPHM MCTEUEHHsS] CBETAa U BOJHO-
oOpasHoii Teopun ['tolireHca. DT ONBITHI OBUIM MOCTABJICHBI (QpaHILy3-
ckuM yueHbiM Dyko (1819-1868). OHn kacanuck BOmpoca O CKOPOCTH
pacnpocTpaHeHHs CBeTa BHYTPH Ipo3paduHbIX Ted. CoriacHo TUIoTese
HCTEYEHUs, CKOPOCTb CBETa BHYTPH TakHX TeJl JOJDKHA OBITH Ooiblie,
yeM B nmycrote. Ho dyko cBoMMM onbITaMu goKa3al oOpaTHoe, T.€. YTO B
MeHee TUIOTHOM Cpelie CKOpOCTh cBeTa Ooubiias. ITOT onbIT Dyko u ObL1
TEM pEUIAIOIIMM OIBITOM, KOTOPBII PEIINI CIIOp MEXAY ABYMS T'MIIOTE-
3aMu (B HacTofllee BpeMs rumore3a ['lolireHca 3aMeHeHa 3JeKTpoMar-
HUTHOM TUIIOTE30H MakcBela).

JpyruM npuMepoM pelaroIlero 3KCIEPUMEHTa MOXKET CIYXKHUTb
criop Mexnay lltonemeem u Konepuukom o nBwxenuu 3emid. Peraro-
it onbIT dyko ¢ MagTHUKOM OKOHYATEIbHO PEIINI CHOP B IOJB3Y
teopuun KomnepHuka.

JlabopamopHblii SKCTIEPUMEHT MPOBOANUTCS B TAOOPATOPHBIX YCIIO-
BHAX C TPUMEHEHHEM THIOBBIX MPHOOPOB, CIEMUATBHBIX MOJEIHPYIO-
IIMX YCTaHOBOK, CTEHJOB, 00opyAoBaHus W T.A. Yame Bcero B mabopa-
TOPHOM JKCIIEPHIMEHTE U3yJaeTcs He caM 00BEKT, a ero o0pa3. DTOT IKC-
MIEPUMEHT TO3BOJSET JTOOPOKAYECTBEHHO, C TPeOyeMOU MOBTOPHOCTHIO
VM3YYHUTh BIUSHUE OJHHUX XapPaKTEPHUCTHUK IPH BapbUPOBAaHUHU JAPYTHUX,
MIOJTyYUTh XOPOINYI0 HAYYHYI0 WH(GOPMAIMIO ¢ MUHUMAIBHBIMH 3aTpa-
TaMHU BpeMeHH U pecypcoB. OHAKO TaKOW IKCIEPUMEHT HE BCET/Ia TOJ-



HOCTBIO MOJICTIHPYET pPEalbHBIA XOJ H3y4aeMoro Ipoliecca, MO3TOMY
BO3HHKAET MMOTPEOHOCTH B IPOBEICHIH HATYPHOTO KCIIEPUMEHTA.

Hamypuwiii SKCTIEPUMEHT MPOBOJUTCS B €CTECTBEHHBIX YCIOBUSIX U
Ha peaJbHBIX 00BEKTaxX. DTOT BHUJ IKCIIEPUMEHTA YaCTO UCIONB3YeTCs B
npollecce HaTypHBIX HCIIBITAHWN M3TOTOBJICHHBIX CHUCTEM. B 3aBHCHUMO-
CTH OT MECTa INPOBEACHHs HMCIBITAHUH HATypHBIE DKCIIEPUMEHTHI MOJ-
pas3iensioTcss Ha MPOW3BOJICTBEHHBIC, IMOJIEBBIC, MOJHIOHHBIC, TOJTyHa-
TypHble M T.N. HaTypHBIN 3KCcriepuMeHT Bcerna TpeOyeT THIaTeNbHOrO
MPOAYMBIBaHUS U TJIAHUPOBAHUS, PALMOHAILHOTO 1MOI00Pa METOI0B HC-
cienoBanud. [IpakTryecku BO BceX Clydasix OCHOBHAs HaydHas ImpoOiie-
Ma HaTypHOTO 3KCIIEPUMEHTa — 00ECeYUTh JOCTaTOYHOE COOTBETCTBUE
(aZmeKBaTHOCTB) YCIOBUI OKCIIEPUMEHTa PEANTbHON CHUTYaIlH, B KOTOPOI
Oyner paboTaTh BIIOCIIEACTBHU coO37aBacMblii 00bekT. [loaTomy I1ieH-
TpaJbHBIMU 33Ja4aMd HAaTYpHOTO JKCIEPUMEHTA SBISIOTCS: W3ydeHHE
XapaKTePUCTUK BO3JEHCTBUS CpeAbl HAa UCHBITYEMBIH OOBEKT; MICHTHU-
¢duKanys CTaTUCTHYECKUX U TUHAMUYECKUX MapaMeTpoB O0bEKTa; OLEH-
Ka 3(h(HeKTUBHOCTH (QPYHKIHMOHUPOBAaHUS 00BbEKTA U MPOBEPKa €ro Ha co-
OTBETCTBHUE 3a/IaHHBIM TPEOOBAHHSIM.

OKCIEPUMEHTBI MOTYT OBITh OMKPLIMbIMU U 3AKPLIMbIMU, OHU ILIHU-
POKO pacnpocTpaHeHbl B ICHXOJIOTUH, COLHOJIOTHH, TeJaroruke. B oT-
KPBITOM SKCHEPUMEHTE 3aJa4d OTKPBHITO OOBACHSIOTCA HCIBITYEMBIM.
B 3aKkpBITOM 3KCHIEpUMEHTE — B LEJSIX MOTYUYCHUS! OOBEKTUBHBIX TaHHBIX
9TH 33a4H CKPBIBAIOTCS OT HCIIBITYEMOTO.

JIro0ast popmMa OTKPHITOTO HKCIEPUMEHTA BIUSAET (4aCTO aKTHBU3U-
pyeT) Ha CyOBEKTUBHYIO CTOPOHY IIOBEICHHUS HCIBITYeMBIX. B CBs3M ¢
9TUM OTKPBITHIH KCIIEPUMEHT LI€JIec000pa3eH TOJbKO TOTIa, KOraa uMe-
I0TCSI BO3MOKHOCTb M IOCTaTOYHAsl YBEPEHHOCTh B TOM, YTO YJAacTCsl BbI-
3BaTh Y MCIIBITYEMOIO )KHUBOE yJacTUE U CYOBEKTHBHYIO MOIICPXKKY Ha-
MedaeMoi padore.

3aKpBITEI SKCIEPUMEHT XapaKTEPU3YyeTCs TEM, YTO €T0 TIIATEIbHO
MAaCKHPYIOT; UCTIBITYEMBII HE JoraabIBaeTcsa 00 SKCIEpUMEHTe, U paboTta
IIPOTEKAeT BHEIIHE B €CTECTBCHHBIX YCIOBUSAX. TaKOW SKCIEPUMEHT HE
BBI3BIBACT y MCIBITYEMBIX ITOBBIIIEHHON HACTOPO)KEHHOCTH U M3JIUIIHEr0
CaMOKOHTPOJIS, CTPEMIJICHHS BECTH ceOs He Tak, KaK OOBIYHO.



IIpocmoii SKCTIEpUMEHT WCITOJIB3yeTCs ISl N3y4deHUs 0OBEKTOB, HE
HMEIOIINX Pa3BETBICHHON CTPYKTYPBI, C HEOOJBIIUM KOJIHYCCTBOM
B3aMMOCBSI3aHHBIX U B3aUMOJICHCTBYIOLIMX 3JE€MEHTOB, BBITOJIHSAIOLIMX
npocteiimne QyHKIHH.

B croocnom dKCepUMEHTE W3Y4alOTCS SIBIICHUS WM OOBEKTHI C
Pa3BETBICHHON CTPYKTYPOH (MOXHO BBIICIUTH UEPAPXUUYCCKUE YPOBHH)
U OOJIBIIMM KOJIMYECTBOM B3aMMOCBSI3aHHBIX U B3aUMOJICHCTBYIOIIUX
3JICMEHTOB, BBIMOJIHSIONINX CIIOKHBIC (YHKIIMH. BhICOKas CTENEHb CBSA3-
HOCTHU 3JICMEHTOB MPUBOJUT K TOMY, YTO H3MCHEHUE COCTOSHUS KaKOTO-
100 AJIEMEHTa WM CBS3M BJICUET 3a CO00I M3MEHEHUE COCTOSHUS MHO-
TUX JIPYTHX 3JEMEHTOB CHUCTEMBI. B CIIOKHBIX OOBEKTaX HCCIICOBAHUS
BO3MOXKHO HaJIMYUE HECKOJBKUX Pa3HBIX CTPYKTYP, HECKOJBKHX Pa3HBIX
ueneir. Ho Bce ke KOHKPETHOE COCTOSHUE CIIOKHOTO OOBEKTa MOXKET
OBITh OMKMCAaHO. B OYECHB CIIOKHOM IKCIEPUMEHTE M3ydaeTcsi OOBEKT, CO-
CTOSIHUE KOTOPOTO MO TEM WJIM MHBIM MPUYMHAM JI0 CHX IOP HE yAaeTcs
moipoOHO M TOYHO omucath. Hampumep, st onucanus TpedyeTcst 60Ib-
e BpeMEHH, YeM TO, KOTOPBIM PAcIoiaraeT UCCIeI0BaTellb MEXIy CMe-
HaMU COCTOSHUH 00BEKTa WIIM KOT/Ia COBPEMEHHBI YPOBEHb 3HAHUI He-
JOCTATOYEH JIJIsl MPOHUKHOBEHUS B CYIIIECTBO CBS3ei 00beKTa (JIMOO OHH
HETIOHSTHBI).

Unghopmayuonnwiii sxcnepumenm UCTIONB3YETCS U U3yUEHUS BO3-
JIEHCTBHUA ONpeAeNeHHON (pa3nuyHold 1o (opMe M COAEPIKaHWIO) WH-
(opMaru Ha OOBEKT HCCIENOBaHUS (Yallle BCEro WH(POPMAIMOHHBIN
AKCIIEPUMEHT HCIIONIE3YETCS B OMOJIOTHH, TICHXOJIOTHH, COIUOIIOTHH, KH-
OepHeTHKe U T.11.). C TIOMOIIBIO 3TOTO IKCIEPUMEHTA U3ydaeTcs H3MEHe-
HHUE COCTOSTHUS 00BEKTa MCCIIEOBAHNUS MO BIMSHAEM COOOIIaeMOoil eMy
nHpOpMaIum.

Bewecmeennwiti  sxcnepumenm TPEANIONAraeT W3yYEHHE BIHSHUS
Pa3NUYHBIX BEMIECTBEHHBIX (PaKTOPOB HA COCTOSIHHE O0BEKTa HMCCIeq0Ba-
Hus. Hanpumep, BiIusHUE pa3IMYHBIX T0OABOK Ha KAYECTBO CTAJH U T.I1.

DHnepeemuueckuii IKCnepUMerm WCTIONB3YeTCs IS U3yYeHUs BO3-
JNEHCTBUA PAa3NWYHBIX BUIOB DHEPTUU (DIEKTPOMATrHUTHOHM, MeXaHWYe-
CKOM, TETUTOBOH M T.XI.) Ha OOBEKT UCCICAOBAHUS. DTOT THIT SKCIICPUMEH-
Ta IMHUPOKO PaCIPOCTPAaHEH B €CTECTBEHHBIX HayKax.



Obviynviil (uiu xknaccuveckuil) KCIEPUMEHT BKIIIOYACT SKCIIEPH-
MEHTAaTOpa KaK MO3HAIOIIET0 CyOBheKTa; OOBEKT HIIU IMPEIMET SKCIIECPH-
MEHTAIIFHOTO WCCIIEJIOBAHUS M CPENCTBa, (MHCTPYMEHTHI, IPUOOPHI, IKC-
MEPUMEHTAIBHBIE YCTAHOBKH), MPHU TOMOIIN KOTOPBIX OCYIIECTBIISIETCS
JKCIIEpUMEHT. B 00OBIYHOM 3KCIIEPUMEHTE SKCIIEPUMEHTAIBHBIE CPEICTBA
HEIMOCPE/ICTBEHHO B3aWMOJCHCTBYIOT ¢ 00BeKTOM HcciemoBanus. OHU
SIBJIIFOTCSL TIOCPEIHUKAMHU MEXIY SKCIICPUMEHTATOPOM M OOBEKTOM WC-
CJ€I0BaHUA.

Mooenvubiii sxcnepumenm B OTIWIUE OT OOBIYHOTO MMEET ACIO C
MOJIENBI0 MCCIIeAyeMOro oO0bekTa. Mojellb BXOJIUT B COCTaB JKCIIEPH-
MEHTAJIbHOW YCTaHOBKHU, 3aMelllasi He TOJIbKO OOBEKT UCCIISIOBaHUS, HO
4acTO M YCJIOBUS, B KOTOPBIX U3y4aeTCsl HEKOTOPhI 00beKT. MOoAeIbHBIN
SKCIIEPUMEHT MpH PACIIUPEHUH BO3MOXKHOCTEH SKCIEPUMEHTAIBLHOTO
WCCJICIOBAaHUS OJHOBPEMEHHO MMEET M Ps HEeIOCTATKOB, CBS3AaHHBIX C
TEM, YTO pa3Inuue MEKIY MOJIEIBIO H PEATbHBIM 00BEKTOM MOXKET CTaTh
WMCTOYHUKOM OIIMOOK M, KPOME TOTO, SKCTPAIONANNS PE3YIbTaTOB H3Y-
YCHUS TIOBEJCHHUS MOJICIIM Ha MOJACIUPYEMbIH 00BEKT TpeOyeT JOMOIHH-
TEJNBHBIX 3aTPaT BPEMEHH U TEOPETHUECKOTO 0OOCHOBAHUS MPABOMOYHO-
CTH TaKOU 3KCTPaIoJISIIUK.

Paznuuue Mexay opyausMu SKCIEPUMEHTa HpPU MOAEIUPOBAHUU
TIO3BOJISIET BBIACTUTD MbICICHHbIU U MAMEPUAbHbll dKCTIEpUMEHT. Opy-
JIUSIMU MBICJICHHOTO (YMCTBEHHOT'O) 3KCIICPUMEHTA SIBIISIOTCS MBICIICH-
HBIE MOJIENIA HCCIEeIyeMbIX OOBEKTOB WM SBJICHUN (4yBCTBEHHBIE 00pa-
361, 00pa3HO-3HAKOBEIE MOJICIH, 3HAKOBBIE MonenH). st o6o3HaUCHIS
MBICJICHHOTO 3KCIIEPUMEHTa MHOT/AA MOJIb3YIOTCS TEPMUHAMU: UJCATU3HU-
POBAHHBIA MM BOOOPa’kaeMBIH IKCIIEPUMEHT.

Mbvicrennwviti 9xcnepumenm SIBISETCS OAHON U3 (OPM YMCTBEHHOU
JIeSITEILHOCTH TIO3HAIOIIEr0 CyOheKTa, B MpPOIlecce KOTOPOW BOCIIPOM3-
BOJUTCS B BOOOPaKECHUU CTPYKTypa peajapbHoro skcruepumMeHnTta. CTpyk-
Typa MBICICHHOTO JKCIEPUMEHTa BKIIIOYACT: MOCTPOCHUE MBICICHHON
MOJlel 00BEKTa WCCIEeOBAHNSA, WACATU3NPOBAHHBIX YCIOBHU JKCIEPH-
MEHTa W BO3JCHCTBUI Ha OOBEKT; CO3HATEILHOE W TUIAHOMEPHOE H3Me-
HeHHe, KOMOWHUPOBAaHUE YCIIOBHI SKCIEpUMEHTa W BO3JICUCTBUI Ha



00BEKT; CO3HATENHHOE U TOYHOE IPUMEHEHHE Ha BCEX CTAAMSIX IKCIIEPH-
MeHTa O0BEKTUBHBIX 3aKOHOB HAyKH, Ojarofaps yemy HCKIrodaeTcs ad-
COJIFOTHBIN NPou3BOJ. B pe3ynbrare Takoro skcrnepumeHnTa GopMHUPYIOT-
Cs BBIBOJHI.

Mamepuanvueiii sxcnepumenm WMEET aHAIOTHUYHYIO CTPYKTYPY.
OI[HaKO B MAaTCPUAJIbBHOM SKCICPUMEHTE HUCIIOJIB3YIOTCA MAaTCPHUAJILHEIC,
a He uaeanbHble 00BEKTHI HccienoBanuia. OCHOBHOE OTIMYHE MaTepH-
aJIBHOTO SKCIEPUMEHTa OT MBICIEHHOTO COCTOMT B TOM, YTO PEajbHBIN
9KCHEPUMEHT TpeACTaBisieT coboil GpopMy OOBEKTHBHON MaTepualbHON
CBSI3U CO3HAHMSA C BHEIITHUM MUPOM. Me1y TeM Kak MBICIEHHBIH 3KcIle-
PUMEHT sBIsieTcs crienuduyeckoil GopMoil TeOpeTHYECKOH NesITeIbHO-
CTH CyOBeKTa.

CXO0ACTBO MBICTIEHHOTO 9KCIIEPUMEHTA C PEAIbHBIM B 3HAUUTEIIHHOM
Mepe ONpEAEIseTCS TEM, YTO BCSKUI peallbHBI IKCIEPUMEHT, IPEXkKIe
4yeM OBITh OCYIIECTBICHHBIM Ha MPAaKTHKE, CHaYaJla MPOBOJUTCS YesoBe-
KOM MBICIICHHO B IIpolecce OOxyMbIBaHMS U IlaHupoBaHud. IlosTomy
MBICJIEHHBIN SKCIEPUMEHT HEPEAKO BBICTYHAET B POJIM MICAJIBHOTO ILIa-
Ha peajbHOI0 KCIIEPUMEHTA, B U3BECTHOM CMBICIIE IIPEABApSIs €ro.

MBICTICHHBIN JKCIIEPUMEHT HMeeT Ooliee MIMPOKyro chepy mpume-
HEHHS, YeM peajibHbI SKCIEPHUMEHT, TaK KaK MPUMEHIETCS HE TOJIBKO
IIpU MOATrOTOBKEC U IJIAHUPOBAHUU MOCJICIHCTO, HO U B TCX ClIy4asdX, KO-
I'Zla IPOBEJCHUE PEaNIbHBIX OIBITOB IPEICTABIACTCS HEBO3MOXKHBIM. TakK,
lNanmuuieit B MBICIIEHHOM 3KCIIEPUMEHTE MPUIIET K BEIBOLY O CYIECTBOBA-
HUU IBYDKEHUA 10 UHEPLWH, ONPOKHUHYBIIEMY apUCTOTEIEBCKYIO TOYKY
3pEHHS, COIVIACHO KOTOPOM ABMXKYIIEECS TeJIO OCTAHABIMBACTCA, €CIIU
CWJIa, €ro TOJIKAaroIlas, MPEKpalaeT CBOE AEHCTBUE. DTOT BBIBOJ MOT
OBITH MOJTy4eH TOJBKO C MOMOIIBIO MBICJIEHHOTO dKcnepuMeHnTa. 1o ato-
My oBoay A. DWHINTEHH roBOpuI caeaymouee: « Mbl BUAENIH, YTO 3aKOH
WHEpPLHUHU HEJb3sl BBIBECTH HEMOCPEICTBEHHO M3 HKCIIEPHMEHTa, €ro
MOYHO BBIBECTH JIMIIb YMO3PHUTCIBHO — MBIINIJICHUEM, CBA3aHHBIM C Ha-
OmoneHueM. DTOT IKCIEPUMEHT HUKOI A HEJIb3s BHIIIOJHUTh B EHCTBU-
TEJIILHOCTH, XOTS OH BeJeT K IIyOOKOMY HMOHHUMAaHHUIO NeHCTBUTEIbHBIX
IKCIIEPUMEHTOBY.

MBEICIIEHHBIN SKCIIEPUMEHT, 3aMEHSST COOOW peaabHBIN, pacuIupsieT
TpaHMIBl TO3HAHKS, 100 oOecreunBaeT MoydeHne Takol UH(opMaImy,



KOTOPYIO MHBIMU CPEJICTBAMU JTOOBITH HEBO3MOXKHO. MBICTICHHBIN JKCIIE-
PUMEHT MO3BOJIIET MPEOAOJIETh HEM30EKHYI0 OTPAHUUYEHHOCTh PEATbHO-
TO OMBITA MMyTeM a0CTParkpOBaHUs OT JEHCTBUS HEXKENATeIbHbIX, 3aTEM-
HAIOIUX IIPUYUH, IIOJIHOE YCTPAHEHHUE KOTOPBIX B PEalbHOM DJKCIEPH-
MEHTE MTPAKTUYECKH HETOCTHIKUMO.

MEICIEeHHBIH OKCIIEPUMEHT ABJIACTCA CYUWCCTBEHHBIM MOMCHTOM
BCSKOH TBOPYECKOW JesATeNIbHOCTU. A. DWHIITEHH B aBTOOHOrpaduye-
CKUX BOCIIOMHHAHHSX B CBSI3H C Pa3pabOTKOH CIEIMaIbHOW TEOPHH OT-
HOCUTENbHOCTU TiHcal: «B 3ToM romy B Aapay y MeHs BO3HUK BOIPOC:
eciu Obl MOXKHO OBUIO TOTHATBCS 332 CBETOBOW BOJIHOH CO CKOPOCTBIO
CBETa, TO MBI UMEIU OBl Miepe co00il He 3aBUCSIIEe OT BPEMEHH BOJHO-
Boe moJjie. Ho Bce-Taku 3TO KakeTcsi HEBO3MOXKHBIM! DTO OBLIO IMEPBBIM
JETCKAM MBICIICHHBIM JKCIIEPUMEHTOM, KOTOPBIH OTHOCHUTCS K CIICIH-
abpHON TEOPHUU OTHOCUTECIBHOCTH. OTKpBITI/Ie HE ABJICTCA OCJIOM JIOTH-
YECKOI'0 MBINUICHHUS, JTaXKe €CJIM KOHEYHBIH MPOAYKT CBS3aH C JIOTHYE-
cKkoi (hopMoiny».

MEBICIeHHBIN OKCHEPUMCEHT UCIOJIb3YETCA HC TOJIBKO YUCHBIMU, HO U
MUCATENIIMH, XYJA0KHUKAMHU, TielaroraMu, BpadaMu. MBICJICHHOE DKCITe-
PUMEHTUPOBAHHUE SAPKO MPOABIACTCA B MBIIIJIICHUNW MIAXMaTHUCTOB. Or-
POMHAa POIIb MBICJICHHOTO DKCIEPUMEHTa B TEXHUYECKOM KOHCTPYHPOBa-
HUM W M300peTaTeNbcTBe. Pe3ynbTaThl MBICICHHOTO JKCIIEPUMEHTa Ha-
XOAAT OTpakeHHe B (QopMmyrnax, dYeprexax, Trpadukax, HaOpockax,
ACKU3HBIX MPOEKTaxX U T. 1I.

Taccuenvlii 9xcnepumenm TNPETyCMaTPUBACT HM3MEPEHUE TOJIBKO
BBIOpaHHBIX IOKa3aTeneH (mapaMeTpoB, NMEPEMEHHBIX) B pe3yJibTaTe Ha-
OmonieHNsT 32 OOBEKTOM 0e3 HMCKYCCTBEHHOTO BMEIIATEIhCTBA B €T0
¢yHkumonuposanue. [IpuMepaMu MacCMBHOTO JKCIIEPUMEHTA SIBIISCTCS
HAOIIOJICHHE 32 WHTEHCHBHOCTBIO, COCTAaBOM, CKOPOCTSIMH JIBH)KCHUS
TPAHCIIOPTHBIX TTOTOKOB; 332 YHCJIOM 3a00JieBaHUI BOOOIIE WU KaKOii-
00 OmpeieNIcHHON 00JIe3HBIO; 32 PA0OTOCTIOCOOHOCTHIO OIPE/ICIICHHOM
TPy JIUIT, 332 TTOKA3aTEeNSIMU, U3MEHSIOIUMUCS C BO3PAcTOM; 3a YKC-
JIOM JI0POXHO-TPaHCIIOPTHBIX IPOUCUIECTBUH U T. II.



[TaccuBHBIN 3KCHEPUMEHT, IO CYIIECTBY, SIBJISETCS HAOIIOICHHUEM,
KOTOPOE COIMPOBOXKAACTCSI MHCTPYMEHTATBHBIM U3MEPEHUEM BBIOPAHHBIX
MOKa3aTesiell COCTOSAHNS 00BEKTa UCCIIEIOBAHMS.

Axmugnviii dxcnepumenm CBsi3aH C BBIOOPOM CIEIHMABHBIX BXOJI-
HBIX CHTHAJIOB (()aKTOPOB) M KOHTPOJUPYET BXOJ U BBIXOJ| HCCIIEyeMOn
CHUCTEMBI.

Oonopaxmopuwiil dKcnepumenm TPeNNonaraeT BBIICICHUE HYX-
HbIX (DaKTOPOB; CTAOWIM3AIMIO MEIIAmuUX (aKTOPOB; MOOYEPEIHOS
BapbUPOBAHKIE HHTEPECYIOIIUX HUCCIIe0BaTeNsl (PakTopoB.

Crpareruist MHO2O(AKMOPHO20 IKCHEpUMEnma COCTOUT B TOM, UTO
BapbUPYIOTCS BCE MEPEMEHHBIC Cpa3y U Kbl 3(D(EKT OICHUBACTCS IO
pe3yabTaTaM BCeX OIBITOB, IPOBEICHHBIX B JAHHOW CEPUH HKCIIEPUMEHTOB.

Texnonozuyeckuti 3Kcnepumenm HAIPaBIIEH Ha H3yueHHUE 3JIEMEH-
TOB TEXHOJOTHYECKOro Iporecca (MPOAYKIMU, 000PYI0BaHHUS, JCITEIIb-
HOCTH PaOOTHHUKOB U T.I1.) WM MIPOIECCA B IIEJIOM.

[IpuBenenHas KiraccuuUKanus IKCIEPUMEHTAIBHBIX HCCIICIOBAHUIMA
HE MOXeET OBITh IPU3HAHA NIOJHOM, IIOCKOJIBKY C PACIIUPEHUEM HayYHOTO
3HAHUS PACIIUPSETCS M 00JIACTh MPUMEHEHHS SKCIIEPHUMEHTAIBHOTO Me-
toaa. Kpome Toro, B 3aBUCUMOCTH OT 3aJa4 3KCIEPUMEHTA Pa3INUHbIC
€ro TUIIBI MOTYT OOBEIUHATHCS, 00pa3yss KOMILIEKCHBIA WM KOMOWHH-
POBaHHBIH SKCIIEPUMEHT.

BoapmMHCTBO 3KCHIEPUMEHTOB MOAPA3ACISAIOTCS HA SKCIIEPUMEHTHI
[0 BBIACHEHHWIO MEXaHH3Ma SBJICHUH M 3KCTPEMAallbHBIC JKCIEPUMEHTHI
(onTUMaInbHBIE).

[Ipu OCTaHOBKE HKCMPEMANbHBIX IKCHEPUMEHMO8 PelaeTCs 3a/1a-
Ya HAXOXKJIEHUS TaKUX 3HAYCHHH BXOIHBIX MEPEMEHHBIX, IPU KOTOPHIX
BBIXO/IHOM TTOKa3aTeNb Mpolecca MPHHUMAET IKCTPEMAIEHOE 3HAUCHHE.

Onmumanvusill  9Kcnepumenm 0azupyeTcs Ha OIKCHEPHMEHTAIBHO-
CTaTHCTHYECKUX METOAAX. 3HAYEHNE 3TUX METO/IOB COCTOHT B CIIETYIOIIIEM:

e OHM TO3BOJIIIOT TIO JAHHBIM HCCIIEIOBAHUS OOBEKTA IOIYyYHTH
MaTeMaTHYECKYI0 MOJCIb, MaXKe €CIIH BHYTPCHHHE 3aKOHOMEPHOCTH SIB-
JICHHH B 0OBbEKTE HE SCHBI,

® C IMOMOIIBI0 3TUX METOJOB KOJUYECTBO BO3MOKHBEIX OIIBITOB, a
CJIeJIOBAaTEIbHO, 3aTPaThl BPEMEHHU U CPEJICTBA COKPAILAIOTCS;



® BMECTO CyOBEKTHBHBIX OLICHOK OHHM JAIOT JOCTATOYHO HaJle)KHBIC
CTaTHCTUYECKHE OLICHKH;

® TPUMEHEHHE IOJMHOMHAJIBHBIX MAaTEMaTHUYECKUX MOJeNel Io-
3BOJIIET IIOJyYUTh MHOIOMEPHYIO T€OMETPHUYECKYI0 HHTEPIPETALHIO
3aBHCHMOCTEH, CyIIECTBYIOIIMX B OOBEKTE, W BBIIBUTH HEW3BEIAaHHBIC
CTOPOHBI NTPOLIECCa;

® 5TH METOJbI CIIOCOOCTBYIOT CO3IaHUIO MHPOPMAIMOHHOTO SI3bIKa,
yA00HOTO /7Sl UCIIOIb30BaHMsI HA KOMIIBIOTEPE.

5.2. Knmaccnpukanus, THIIBI M 321241 IKCIIePUMEHTa

1o uucny nepemennvix sKCnepumMenmol K1accu@uyupyomes Ha OJHo-
U MHOTrO(aKTOpHbIE: NMPHU OZHOMAKTOPHBIX M3MEHEHUIO U PETHCTPaliu
MOUTeXUT OMUH (PakTop (OHA He3aBHCHMAs IepeMeHHas), IPH MHOTO-
(haKTOPHBIX — HECKOJIBKO (DaKTOPOB MM HE3aBUCHMBIX NIEPEMEHHBIX.

Obvexmobl uccnedosanuli 8 IKCHEPUMENMAX OelAMCs Ha CTaTUCTH-
YecKHe 1 AeTePMHUHAPOBAHHBIE, YIIPABIIIEMbIE U HEYIIPaBIIsieMBbIE.

B craructrueckux o0bekTax OTKIMK (ClydaiiHas 3aBHCHUMas Iepe-
MEHHas y) HAXOJHUTCS B CTOXaCTUYECKOM CBSI3U CO CIyYalHBIMU WIIM He-
CIy4JaifHbIMH (DaKTOpaMH X|, X3, ..., X,. 1aK, B MEXaHOOOPaOOTKe MpHMe-
POM CBSI3H CO CIy4allHBIMHU (haKTOpaMu SIBIISIETCS 3aBUCHMOCTB XapakTe-
PUCTHK KadecTBa TOTOBBIX J€Talled OT XapaKTEpPUCTHUK KauyecTBa
3arOTOBOK IIpH WX 00paboTKe, a CBA3M C HECIy4YalHBIMH (hakTopamMu —
3aBHCHMOCTb XapaKTePUCTHK KadecTBa TOTOBBIX AETajed OT pPEeXHMOB
00paboTtku. Cmoxacmuueckas c613b nposigisemcs B TOM, YTO U3MEHEHHE
HE3aBHCUMOMN BEITMYMHBI IPUBOJUT K U3MEHEHHUIO 3aKOHA PACIpEeIeHUs
3aBUCUMON ciy4yaliHOM BenuuuHbl. [IpocTedinM €€ BHIOM SIBISIETCS
CBSI3b, TP KOTOPOIl ¢ U3MEHEHUEM HE3aBUCUMOM NEPEMEHHOM H3MEHS-
€TCsl MaTeMaTHYECKOE 0)KUJaHNE WIH CPETHEE 3HAUEHUE OTKIIMKA.

s 0emepmunuposannvix 06veKmog XapakTepHbl (PyHKINOHAIbHBIE
CBSI3M MEXAY HECITyYailHBIMHM BENWYMHAMH, KOTAA KaXXIOMy 3HAYEHHUIO
apryMeHTa COOTBETCTBYET CTPOTO ONpee€HHOE 3HaYeHHE (QYHKIIHH.



Ynpaerisemocmv obvexma onpenensercs: BO3MOXKHOCTBIO BOCIIPO-
W3BENIEHUS] HA HEM pe3ylbTaTOB OMbITa. [lJIT MPOBEPKH 3TOTO CBOWMCTBA
MOXKHO TIPOBECTH JKCIIEPHMEHT NPH HEKOTOPBIX BBHIOPAHHBIX YPOBHSIX
uccienyeMblx (pakTopoB, a 3aTeM MOBTOPUTH €r0 HECKOJNBKO pa3 depes
HEpaBHBIE MPOMEXYTKH BPEMEHU U CPABHUTH PE3yJILTATHI.

Bocnpouzsooumocms  pezynsmamos Xapaktepuszyercs pa3zdopocom
UX 3HaueHuil. Ecnu OH He mpeBbIIaeT HEKOTOPOW 3apaHee 3aJaHHOM Be-
TYUHBL (TpeOOBaHWH K TOYHOCTH IKCIEPUMEHTa), TO OOBEKT yIOBIIE-
TBOpPSIET TPEOOBAHUIO BOCIIPOM3BOJUMOCTH PE3yJIbTATOB DKCIIEPUMEHTA.

DKrcnepumenmanbHbvie UCCIE008aHUS KIACCUDUYUPYIOM MAKdiCe HA
KayecmeeHHbvle (C TENbI0 YCTaHOBJICHUS TONBKO (hakTa CyIeCTBOBAHUS
SIBIICHUSI) M KOUYECMEeHHbIEe, 1a00pamopHvle U npomviuLieHtvle. B mo-
cieHee BpeMs Bc€ OoJbIliee pacrpoCTpaHEeHUE TOTYYaroT a8moMamu3u-
POBAHHbIE IKCHNEPUMEHMAIbHBLE UCCTE008AHUSL.

Pasznuyarot Takke SKCIIEPUMEHTHI:

® omceugaiowue, cpagHumenvHsie (CpaBHEHNE IBYX WM HECKOIBKUX
00BEKTOB U BBIOOP JYUIIIETO U3 HUX IO 33JJaHHBIM KPUTEPHUSAM KauecTBa);

® sxcmpemanvhvle (OTBICKAHUE dKCTpeMyMa (DYHKIUHU OTKJIHMKA, O
KOTOPOMY ONITHMHU3UPYIOTCS MapaMeTpsl O0BEKTa WM PEXXUMBI TIPOTEKa-
HUS TIPOIIECCOB MOCPEICTBOM aBTOMAaTHYECKOTO YIIPABIICHUS);

e onucamenvHble (ONpeieieHue MEXaHU3MOB SBJICHUN M XapakTepa
MPOTEKAaHUS TPOLIECCOB AJIS MX aHajlM3a M IMOCICAYIOUeH MOCTAaHOBKU
3a/la4 CMHTE3a) M IKCIIEPUMEHTHI IT0 COCTABJICHHIO AHArpaMM COCTOSHUS
(BapuaHT onHMcaTeIbHBIX SKCIIEPUMEHTOB).

Pa3HOBUAHOCTBIO AKCIIEPUMEHTAILHBIX WCCIIEOBAHUNH MOTYT OBIThH
Y Pa3IMyHOTrO POJa UCHbIMAHUA: TIPEABAPUTEIHHBIC 3aBOJCKUE HCIIBITA-
HHS ONBITHOTO 00pa3sma, MpuEMOYHBIE UCITBITAHKS JOpaOOTaHHBIX 00pas3-
[IOB, TIOATOTABIMBAEMBIX K MAacCOBOMY BBIITYCKY (M3 ONBITHOW MapTHH
WM YCTAaHOBOYHOM CEpHH); KOHTPOJBHBIE HCIBITAHUS MPH MacCOBOM
MIPOM3BOJICTBE MAIIUH WM UCIBITaHH 00pa3IoB MOCIE KaUTAILHOTO pe-
MoHTa. Ha Bcex aTamax MCHBITAHWN BBIMONHSIOTCS Pa3HOOOpa3HbIE TeX-
HOJIOTUYCCKHUC, DKCIUTYaTAllMOHHBIC U TEXHUYCCKUE SKCIICPUMCHTEI, IIPC-
JyCMOTpPEHHBIE MPOrpaMMaMK HCIBITAHUN 0 Pa3IMYHBIM BHJAM OIIe-



HOK. [To pe3ynbTaramM HCIBITAHUH IPUHUMAIOTCS PELICHUS O TIPOBEJCHUU
JOpabOTKM MAIMH, YIYUYIICHHA UX arperaTHpOBaHUs C dHEPreTHYECKH-
MU CPEJICTBAMH, BBITYCKE OMBITHBIX NApTH IJIs1 TPOBEPKH U OCTAHOBKU
Ha IPOU3BO/ICTBO.

[Ipu BcéM HEOOBATHOM MHOrooOpasuu Lelnei, KOTOpble MOXET IO-
CTaBUTH Iiepes co0Ol HCClleoBaTeNb, 3a0ayu IKCnepumenma, Kaxk mpa-
BUJIO, MO’KHO OTHECTH K OJTHOMY M3 YKa3aHHBIX HYDKE THIIOB:

® 3a0aua usmepenus HeKOmopoU 8eIUYUHbL NPU PUKCUPOBAHHBIX YC-
n08usix (ISl TIOMy4YEHHUs CIIPABOYHBIX AAaHHBIX, KOTOPBIE IOTOM OYyAyT
WCIIOJIb30BaHbl B TEOPETUUECKUX MIIM KOHCTPYKTOPCKUX pacuérax);

® 3a0aya nposepku eunome3vl (MOATBEPAUTh WM ONPOBEPIHYTH)
C TIOMOIIIBIO DKCIIEPUMEHTA TY WM WHYIO TEOPHIO; JI0Ka3aTh, YTO H3JIe-
TS, BBITIOJIHEHHBIE 110 HOBOW TEXHOJIOTMH, MPEBOCXOJAT IO CBOUM Ta-
paMeTrpam cTapble 00pa3lbl; BBISBUTH (PAKTOPHI, BIMAIOLUINE HA WHTEpE-
CYIOLIYI0 Hac BEIWYHMHY, HallpuMep, CPOK clykObl mpubopa; oOHapy-
JKUTh CBSI3b MEXKIy pPa3IUYHBIMH XapaKTepUCTUKAMH OOBEKTOB (WiIn
MOATBEPAUTH OTCYTCTBHE TakOW CBSI3W) M JIpyroe); 3agaddl Takoro ponaa
pemIaoTCs 110 ATOPUTMY CTaTHCTHYECKOH IPOBEPKHU THITOTES;

® 3a0a4a BbIACHEHUS MEXAHUIMA SA6]IeHUSL,

® 3a0aya onmumu3zayuy (TUITMYHAS 331a9a KOHCTPYKTOPCKUX M TeX-
HOJIOTHYECKHX Pa3padOTOK);

® JuHamuueckue usmepenus;

® Kraccuguxayus HabaIOeHUl, UL pAcno3Hasanue 0opa3os.

Hexoroprle U3 mepeuucieHHbIX TUIOB 3a/1a4 MOTYT OBITh KakK KO-
HEYHOH IeNbI0 SKCIEPUMEHTa, TaK M MPOMEXYTOYHBIM 3TAIlOM IIPH pe-
IICHHUH 3a7a4 00JIee «BBICOKOT0» YPOBHSI.

5.3. IlnanupoBanue 3KCepUMeHTa

3KCHepI/IMeHT SIBJISIETCS OCHOBHBIM W HamnboJee COBCPIICHHBIM ME-
TOJAOM IIO3HAHUA. OH MOXeT OBITh AKTUBHBIM U MTACCHUBHEIM. OCYHICCTB-
JICHUEC MMAaCCHUBHOI'O0 3KCIEPUMCEHTA HEC 3aBUCUT OT 3KCHCPUMCECHTATOpA, U
EMY MPUXOAUTCA AJOBOJBLCTBOBATHCA JIMIIL POJIBIO Ha6J'IIO,I[aTeJ'ISI. OcHoB-
HOM BUJ OKCIICPUMCEHTA — aKTHBHBIﬁ, MMPOBOAUTCA B KOHTPOJIIMPYEMBIX U
YHpaBJIA€MBIX YCIIOBUSIX.



Bce ¢akTopsl, BiusIOmINE Ha HCCIeLyeMble IapamMeTpbl OObeKTa,
MIPEeIyCMOTPETh, KaK MPaBHIIO, HE yhaeTca. Tak, B CIOXHBIX CHCTEMaX,
3aBUCSIIMX OT MHOXKECTBa (PaKTOPOB, HEKOTOPBIE BO3/IEHCTBUS HE MOTYT
KOHTPOJIMPOBATbCS MM yNpaBisaThesa. BozneiicTBue 3Tux GaxTopoB pac-
cMaTpHBaeTCa Kak OeJbli IIyM, HAaJIO)KEHHBI HA UCTHHHBIE PE3YJIbTAThI
sKcnepuMeHTa. UtoObl OTAEIuTh (DaKTOpPBI, WHTEPECYIOIIUE HKCIEPH-
MEHTaTOpa, OT IIyMOBOIO ()OHA, MPUMEHSIOTCS CIELUABLHBIE METOJIBI,
Ha3bIBAEMbIC paHooMusayueli SKChepumeHma.

[TpoBeneHre akKTUBHOTO SKCIIEPUMEHTA 3a4acTyio TpeOyeT O0IbIInX
MaTepualbHbIX 3aTpaT. 1103TOMy Ba)KHOU 3ajadeil sBISETCS IOIYy4YEHUE
HEOOXOUMBIX CBEJICHUI MPH MUHHMAJIBHOM YHCIIE ONBITOB. Pemennem
9TOW mpOoOJIEMBI 3aHMMAETCS TEOpHsl IUIAHUPOBAHUS JKCIEPUMEHTA,
IpecTaBisIomas coboil paszen MareMaTHYECKOH CTaTUCTUKH. B o0rem
CJIy4ae OHa IO3BOJISIET OTBETHTH HAa BOIIPOCHL:

® KaK CIUIAHUPOBATh 3KCIIEPUMEHT, 0OecreunBaloIuii mpu Tpedye-
MO TOYHOCTH Pe3yJIbTaTOB MHHUMAJIBHEIE 3aTPAThl BPEMEHU U CPEJICTB;

e Kak 00paboTaTh pe3ynbTaThl, YTOOBI W3BJEYb U3 HUX MAKCHUMYyM
nH(popMaI 00 UCCIIeyeMOM 00bEKTe;

® Kakue BBIBOJBI MOXHO CHENaTh MO pe3yJbTaTaM JKCIEPUMEHTa U
KaKOBa JOCTOBEPHOCTB 3THX BBIBOJIOB.

AKTHBHBII DKCIEPUMEHT B COYETAaHUM C METOAAMH IUIAHHUPOBAHMUS
[O3BOJISIET MOIYyYUTh TpeOyeMmble pe3yJbTaThl, 3aTPAaTHUB MHUHUMAJIbHBIE
CpEeICTBa U BpeMsI Ha IIPOBE/ICHUE HCCIIEN0BaHMSL.

[InanupoBaHue SKCIEpUMEHTa — 3TO IMpoOLexypa BbIOOpa Yucia M
YCIIOBUH NPOBEICHHUS ONBITOB, HEOOXOAUMBIX M IOCTATOUHBIX JJISI perie-
HUS ¢ TpeOyeMOoi TOYHOCTBIO U IOCTOBEPHOCTHIO TIOCTABJICHHON 3a/1a4H.

Ilenpro TIaHUPOBAaHUS SKCIIEPUMEHTA, KaK MPaBUIIO, SIBJISETCS IIO-
ny4yeHue maremaTtmdyeckodl moaenu (MM) mccneayemoro o0ObeKTa WM
npornecca. Eciiu Ha 00BEKT IecTByeT MHOTO (PaKTOPOB, MEXaHM3M KOTO-
PBIX HEW3BECTEH, TO OOBIYHO HCIIONB3YIOT MOJMHOMHAIbHEIE MM (an-
reOpanyecKkue MOJTUHOMBI), Ha3bIBaeMble ypaBHEHHUSIMH perpeccun. Tak,
IUTS IBYX (haKTOPOB X| U X'

e nosiuHoM 0-if cTeneHu: y = by;



e MOJIMHOM 1-if ctenienu: y = by + bix| + box, — MTUHEHHAS MOJIEIb;

® TIOJIMHOM 2-U CTereHu: y = by + bix; + boyxy + bypxxy + byxpp +
by — TIONTHAS KBaIpaTHYHAS MOJIEI.

[Ipy mIaHUPOBaHWW SKCIIEPUMEHTa HCCIEAYEMBbIH OOBEKT Mpe-
CTaBJIAETCS «YEPHBIM SIIUKOM» (pHUC. 5.1), HA KOTOPBIA BO3IEHCTBYIOT
(baxTopsI X;.
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Puc. 5.1. Mogens «YepHOro siuKay

Kaxnpiii pakTop Xx; MOKET MPUHUMAThH ONPEICIICHHOE KOJUYECTBO
3HAYCHHI, HA3BIBACMBIX YPOGHAMU Gakmopos. MHOKECTBO BO3MOXKHBIX
ypoBHe#l (hakTopa X; HA3BIBACTCSA 00IACMbIO €20 OnpedeieHus. ITH 00-
JIACTH MOTYT OBITh HENPEPHIBHBIMU U JIUCKPETHBIMU, OTPAHUYCHHBIMU H
HeorpaHn4YeHHbIMH. Kak yxe oTMeuanoch, JOKHA ObITh BO3MOXHOCTh
ynpasieHust GpakTopaMmu: JTUO0 TOJIeP)KUBATh WX HA 33JJAaHHOM ypPOBHE,
00 U3MEHSITH IO MPOrpaMMe.

®dakTopbl JOMKHBI OBITh COBMECTUMBIMH U He3aBUCHUMBbIMU. Co-
BMECTUMOCTh MPEATOIaraeT A0MyCTUMOCTh JIF000W KOMOMHAIIMU (haKTo-
POB, a HE3aBUCUMOCTh — OTCYTCTBHE MEXIYy (haKTOpaMu KOPPENISIHOH-
HOM CBSI3HU.

K uccrnegyempiM mapameTpaM Takke MPEIbSABISIOT psii TpeOoBa-
Huil. OHU TOJDKHBI OBITH:

¢ >pQeKTUBHBIMY, T.€. CIIOCOOCTBOBATH CKOPEHIIEMY JTOCTIKEHUIO
TEeIH;

® YHHUBEPCAIbHBIMH — OBITh XapaKTEPHBIMU HE TOJBKO JJISI UCCIIC-
JTyeMOTO 0OBEKTA;

® CTaTUCTUYECKU OJIHOPOJHBIMH, T.C. ONPEACICHHOMY Ha0Opy 3Ha-
YeHUN QaKTOPOB X; C TOYHOCTHIO JIO MOTPEIIHOCTU SKCIIEPUMEHTA JIOIK-
HO COOTBETCTBOBATH OIPEIEIICHHOE 3HaUeHHe (DaKTopa y;;

® BEIPAKATHCS KOJMYECTBEHHO OJTHUM YHCIIOM;



® JICTKO BBIYUCIIATBCA U UMCTh q)mnqecxnﬁ CMBICJI;

® CyILECTBOBATH IPH JIIOOOM COCTOSIHUH OOBEKTA.

I'eomerpuueckuil ananor napamerpa (QyHKIMM OTKIIHMKa) Ha3bIBa-
€TCs NOGEPXHOCMbI0 OMKIUKA, & IIPOCTPAHCTBO, B KOTOPOM CTPOST 3Ty
[IOBEPXHOCTh, — PAKMOPHLIM NPOCMPAHCcmeom. PasmepHoCTb (PakToOpHO-
ro TIPOCTPAaHCTBa paBHa 4Hclay (axkTopoB. Tak, HampuMmep, HpU IBYX
¢axropax (haKTOpHOE HMPOCTPAHCTBO MPEACTABISIET CO00H (HaKTOPHYIO
IUIOCKOCTb.

[Tpu mraHUpOBaHUH SKCIIEPUMEHTa TpeOyeMbIX cBoiicTB MM no0u-
BalOTCSI, BEIOUpAsi YCIIOBUS MPOBEACHUS ONBITOB. MHOXKECTBO TOUEK (hak-
TOPHOT'O IPOCTPAHCTBA, B KOTOPBHIX IPOBOAUTCS SKCIEPUMEHT, Npel-
CTaBJIAETCS C TIOMOUIBIO NIAHA IKCHEPUMEHMA

xl(l) xz(l) xn(l) x(l)
x1(2) x2(2) xn(2) x(2)

x= - , (5.1)

xl(N) xz(N) xn(N) x(N)
rae n — 9uciio $hakTopoB; N — YHCIIO TOYEK (PaKTOPHOTO MPOCTPAHCTBA.
o_L¥ (.
Touka x'~ = I > x( ]) HazbIBaeTcs yeHmpom niaara. Eciv nenTp mnaHa
j=l

COBIIaJa€T C HA4YAJIOM KOOPJAUHAT, TO IJIaH HAa3bIBACTCA YEeHMPAIbHbIM.

IHonnwui ghakmopmuuwlit IKCnepumMenm

B noanom gpaxmoprom sxcnepumenme (I1PIJ) uccnenyercss onuH
napameTp, U pean3yroTcsl Bce BO3MOXKHbBIE COUYCTAHUS yPOBHEH (akTOPOB.

Jast xakporo (akTopa BEIOMPAIOTCS [1Ba YPOBHS — BEPXHHUN U HHXK-
HUH, Ha KOTOpBIX (akTop Bapbupyercs. IlomoBHHA pPa3sHOCTH MEXAY
BEPXHHUM M HIDKHUM YPOBHSIMH Ha3bIBACTCS UHMEPBATOM BAPLUPOBANUSL.
WurepBan BapbUpOBaHMS JOJDKEH OBITH OOJBIIE MOTPENIHOCTH H3Mepe-
HUS ypoBHS (pakTopa (OrpaHMYCHUE CHHU3Y), @ BEPXHUN U HWKHHUI ypOB-
HU (aKkTopa He JOJDKHBI BBIXOAUTH 3a 00J1aCTh €ro omnpeaeiacHus (orpa-
HUYECHUE CBepxXy). Ha mpakTnke WHTEpBaad BapbUPOBAHHS COCTABIACT
00b19H0 3—10 % 0T 00nacTu onpeneneHus.



[Ipu n1BYX ypOBHSIX M1 KXKIOTO U3 71 (HaKTOPOB OOIIEe YHCIIO OIIbI-
ToB cocrasisieT 2", II®D — 310 SKCHeprUMeHT TuIa 2"

[I®D no3BoOASET MOITYYUT MATEMATHUECKYIO MOJEIb UCCIETyEMOTO
00BEKTa B BUJIC YPaBHCHUA MHO>KECTBEHHBIN perpeccuu Uiin 1o JIMHUAM.
Tak, Hanrpumep, Opu n=2

y=>b,+bx, +bx, +b,xx, , (5.2)
npun=23
Y =by +bx; +b,x, +Dyxy + b, x, X, + b3 X%y + by x,xy + by x, X%, (5.3)

Mogenu (5.2), (5.3) 0ObIYHO HA3BIBAIOT PErPECCUOHHBIMU, a KO3 HHULIH-
eHTHI by, b;, by, by ... — K03 PHLIMEeHTAMK YpaBHEHHUS PEIPECCHUH.

B 3aBHcuMocTH oT 00beMa anpuopHOi mHGopManuu B MM BKITIO-
YJaloT HE BCE, a JIMIIb HEKOTOPHIE B3aMMOJAEWUCTBHUS IEPBOIO IMOPSJIKA,
WHOT/Aa — B3aMMOJAEWCTBUSA BTOPOTO MOPSAKA M OYEHb PEIKO — B3aUMO-
JIEeUCTBUS BBILIE TPEThero nopsiaka. CBA3aHO 3TO C TEM, YTO Y4ET BCEX
B3aUMOJEHUCTBUM IPUBOAUT K TPOMO3JIKUM pacyeTam.

[MonHOE Yncno BceX BOBMOXKHBIX AP PEKTOB (BKITIOUAs by) paBHO YHUC-
sy ompiToB [IDD N=2", nostomy npun=2 N=4,npun=3 N=8 u 1.1.

Cocmaenenue mampuywt naanuposanusn I[P

[Tnan [1®D uzobpaxkaroT B Buie TaOIHIIBI, CTOJIOIBI KOTOPOU OTpa-
AT ypOBHHU (DAaKTOPOB, & CTPOKM — HOMEpPA OIMBITOB. DTH TaOJHUIIbI HA-
3BIBAIOT Mampuyamu nianuposanus (MII) sxcnepumenma. Tlockonbky
3Ha4YeHHs YpPOBHEH (PaKTOpPOB MO MO0 BCEria paBHbBI €IUHUIE, TO
00b19HO0 B MII 3amuchIBAOT TOIBKO 3HAK YPOBHS (T. €. «+» BMecTO «1» u
«» BMecTO «—1»). B Tabm. 5.1 mna npumepa npusenena MII g [1DD
Tima 2°.

Tabmuma 5.1.
MII [I®D Ttuma 2°
N X1 X1 y
1 - - Y1
2 + — b
3 - + V3
4 + + V4




I'eomerpuueckoii uarepnperanueit [1OD 22 spisercs kBaapar B Qak-
TOPHOH IIOCKOCTH (pHC. 5.2).
Obnacts
;k DKCTICPHMCHTA
-+ +, +

3 / 4

> X
1 2

[ +, -

£} L]

Puc. 5.2. TeomeTpuueckas untepnperamus [1DD 22

OcHoueIe cBoiicTBa MII skcrieprMeHTa:
a) CHMMETPUYHOCTh OTHOCHUTENIFHO IIEHTPa SKCIIEpUMEHTa

N
Z x; =0,
j-1

rze i — HoMmep GaKTopa; j — HOMep OMbITa; /N — YUCIIO OIBITOB;
0) ycioBue HOPMHPOBKU

ZXyzN,

N
Jj-1

B) OPTOTOHAITBHOCTH

N
2 %% =0,
j

eciu [ £ f.

CBOHCTBO OPTOTOHAJIBHOCTH II03BOJIIET YIPOCTHTH BBIYHCIICHHS
Y TIOJIYYUTh HE3aBUCHMBIC OLICHKUA KOA((UIMEHTOB perpeccuu. JTo 03-
Ha4aeT, B YaCTHOCTH, YTO 3aMEHa HyJIeM JIF000T0 Ko UIIMEHTa B ypaB-
HeHUM MM He W3MEHUT OIICHOK OCTAIIbHBIX KO3 (UIIMEHTOB. DTO CBOM-
CTBO MOXET OBITh IOJIC3HBIM, KOTJIa TOYHBIA BUJ MOJEIA HE WU3BECTEH
u TpeOyeTcsl 0 IKCIEPUMEHTAIBHBIM JaHHBIM O0TOOpaTh (PaKTOpHI, Cy-
[IECTBEHHO BIMSIOIINE HAa UCCIIEAyeMbIi mapamerp. Eciu ycioBue opro-
TOHAJIBHOCTH HE BBITIOJIHICTCS, MOCIIE UCKITFOUEHHUS KaXI0r0 HE3HAYMMO-
ro koddduirieHTa HEOOXOAMMO ITEPECUUTHIBATH OICHKH OCTaBIIHUXCS



KO3 GUIIMEHTOB U UX JUCIEPCHH. [Ipy 3TOM MOTI'YT M3MEHUTBCS KakK J10-
BEpPUTEIIHHBIC HHTECPBAJIBI, TAaK M BEIBOJIBI OTHOCUTEIHHO KOY(PHHUITHEHTOB
3HAYHUMOCTHU,

I') POTOTA0CILHOCTh — CBOMCTBO PAaBHOTOYHOI'O MPEACKa3aHMs HC-
CJe1yeMOro napaMeTpa Ha PaBHBIX PACCTOSHUAX OT LICHTPA SKCIIEPUMEH-
Ta BHE 3aBUCUMOCTH OT HAIpPaBIICHUS.

Marpwuriia, yIoBICTBOPSIONIAs YCIOBUSIM CHMMETPUIHOCTH, HOPMHU-
POBKHU U OPTOTOHANBHOCTHU, HA3bIBACTCS ONMUMATILHOU.

MII TIDD sasasgercst onTUMaibHONH i JMHEeHHBIX MM. Ecnu ke
MM conep>XuT B3aUMOJCUCTBHSI, TO CBOMCTBO POTOTAOEIHLHOCTH HE BHI-
ITOJTHSAETCS.

Pacyer oneHOK KO3(DPUIMEHTOB ypaBHEHUS PErPECCHH IMPOU3BO-
JIATCSL TI0 METOJY HAaWUMEHBIIUX KBAJAPATOB, IIPU 3TOM MHUHUMH3UPYETCS
CyMMa KBaJpaToOB OTKIOHEHUN MEXKIY SKCIIEPUMEHTAIbHBIMU 3HAYCHUSI-
MU HCCIEAYEMOTO MapaMmeTpa W 3HAYEHUSMHU, BBHIYUCICHHBIMHU IS TeX
e To4YeK (HaKTOPHOTO MPOCTPAHCTBA IO YPABHEHUIO PETPECCHH.

Jlpobnvlii hakmopuwiit IKCnepumenm

Yucio onbiroB [1DD 2" OBICTPO pacTeT ¢ yBeIUYECHHEM Yucia (ak-
TOPOB 7, ¥ TIPU OOJBIIMX 7 TOT BHUJ IKCIEPUMEHTA OKA3bIBACTCS IPaK-
TUYCCKU HECIIPUCMIICMBIM. I[J'ISI YMCHBUICHUS YUCJIa OIIBITOB N3 MHOXECT-
Ba TOYEK (haKTOPHOTO MPOCTPAHCTBA MOKET OBITh OTOOpaHa WX HEKOTO-
pasi 4acTh, COJIeprKaIllas MOAXOIAIICE YUCIIO ONBITOB M MPEACTABISIONIAS
€000t OpodHbIL hakmopHbLL NIAH.

HpoOubrii hpakTopHerit sxcnepument (D), kak u [1DI, mo3BoseT
MCCIIeNIOBaTh MoMHOMUaNbHBIe MM Buaa (5.2), (5.3). Yucno onenuBae-
MBIX ITapaMETpOB MM wu uyucno IIPOBOJUMEBIX B 3KCIICPUMCEHTE OIILITOB
CBSI32HO C MOHSATHEM HACHIIIIEHHOCTH YKCIIepUMEHTa. Ecin urcio nmpoBo-
JUMBIX OIIBITOB MPEBLIIIACT YHUCJIO OLCHNBACMBIX IMapaMETPOB, IKCIICPH-
MEHT HAa3bIBACTCS HEHACLIUEHHbIM, €CIM PAaBHO — HACBIIICHHBIM, €CIIH
0OJIBIIIE — CBEPXHACHIUEHHBIM.

Hpobuvim ghakmopHvim IKCnepumeHmom Ha3bIBaeTCsl CUCTEMA OIbI-
TOB, TIPEICTaBIsOmMAas coOoi yacth [IDD, mo3BoIAIONIAsS PacCUNUTATh
KOX(UIMEHTHl ypaBHEHHS PETPECCHUH U COKPATHTh 00bEM IKCIIEPHUMEH-
TaJIbHBIX JaHHBIX.



Cocmaenenue mampuuyst naanuposanus /{033

Hna moctpoenus MIT IDD u3 nmeronmxcs # (HakTOpPOB OTOUPAIOT
(n—p) ocHOBHBIX (QaKTOpOB, 1A KOTOpbIX cTposiT MIT [1D3. DTy MaTpu-
Iy JOIMOJHSIOT 3aTe€M p CTOJOLAaMM, COOTBETCTBYIOIIMMH OCTABLIMMCS
(hakTopaM. YPOBHM NOTOJIHHUTENHHBIX (PAaKTOPOB OMPEAENAIOT KakK IO-
3JIEMEHTHOE YMHOKCHHE YPOBHEH He MeHee IBYX U He Oonee (n—p) oc-
HOBHBIX (haKTOPOB. 31eCh n — YHUCIO (PaKTOpOB TOJTHOTO (PAKTOPHOTO
9KCHEPUMEHTa, U1 KOTOPOTO CTPOMTCA ApOOHas pPEeIuIMKa; p — YHCIO
B3aMMOJECHCTBUM, KOTOPHIMU IpeHeOperaeM NpH MMOCTPOSHHH APOOHON
peruku. [oBopsT, uto JIDD — 310 s3KcnepumeHT Trma 2"7.

BriOpanHOe 17151 JONMOJIHUTENBHOTO (haKTOpa NpPOU3BEACHHUE HAa3bl-
BaeTCs 2eHepamopom niara (IIOCKOJIBKY ONpeAessieT A JONOJHUTEIb-
HOro (akTopa HpaBWIIO uYepeloBaHHA YpoBHeW BapbupoBaHus B MII).
OuesuHo, uto JIDD trmna 2"” 6yaeT UMeTh p TeHepaTopoB.

Hanpuwmep, s JIOD tuna 2°' 4ucio oneITOB PaBHO YETHIPEM OITbi-
TaM 1o cpaBHeHHIo ¢ 16 onbitamu B ciydae 11D3. [Ipu Tpex oCHOBHBIX
(hakTopax DD comepkuT 8 OIMBITOB, a TEHEpPATOpPaMH IS JAPOOHBIX
IJIAHOB MOT'YT CITY>KUTb IPOU3BEACHUS X (X2, X1X3, X2X3, X1X2X3.

B kadecTBe reHepaTOpoOB IUIaHA MCHOJIB3YIOTCS HE3HAUYMMBIE B3au-
MoercTBus (Tadi. 5.2.).

Tabmuma 5.2
MII J®D tuma 2+
N X1 X1 X3=X1X)
1 — — +
2 + - -
3 - + -
4 + + +

JInist HaxOXKJCHUSI MaTEMaTUIECKOTO OMUCAHHS MPOIIEcca UCTIONb3Y-
1oTcst onpenenennsle yactu 11D3: 1/2, 1/4, 1/8 u t.n. Hampumep, mpu
YPOBHE JPOOHOCTH 1/2 YMCIIO DKCIIEPHMEHTOB COKpAIIAeTCsl B JiBa pasa.
Ota cucTeMa ONBITOB HAa3bIBAaeTCsl APOOHBIMH PEIUIMKAMHU, a CaM METOJ
DD — memodom Opobmbvix pennux.



B kawectBe mnpumepa IUIAHMPOBAHMS 3KCIEPHMEHTa PACCMOTPUM
B3BEILIMBaHUE TpeX 00bekTOB A, B, C Ha aHanuTHueckux Becax. [lepsblii —
TPaZAMLMOHHBIN — MOIXO[ NPeIyCMaTPUBAET MOCIE0BATEIbHOE B3BEILINBA-
HHE KaKI0ro 13 00pasnoB. VcenenoBatens cHauana JeaeT X0JI0CTOe B3Be-
LIMBaHUE IJIsl ONPEACNICHUS HyJICBOW TOUKM BECOB, a 3aTe€M II0 O4Yepeau
B3BEITUBACT KAXKIBIN M3 00pa3oB. DTO MPpUMEP TPATUIIMOHHOTO HCITOIB30-
BaHUS OAHO(GAKTOPHOTO IKCIIEPUMEHTA, B KOTOPOM HCCIICA0BATENb U3Y4aeT
PEaKIMIO Ha MIOBEACHHUE KAXKIOTo U3 (PakTOpoB B OTAENBHOCTH. TpaauiyoH-
Has cXeMa B3BEUIMBAHUS TpeX OOBEKTOB IMpeicTaBiicHa B Tabm. 5.3: korma
oOpaszel KaieTcsi Ha Bechl, B TaONHLE cTaBUTCS +1, KOra OH Ha Becax OT-
CYTCTBYET, TO —1.

Tabmuua 5.3
TpanuuuOHHOE MPOBEACHUE SKCIEPUMEHTA
Howmep A B C Pesynbrar
OITbITa B3BELIMBAHUSA
1 -1 -1 -1 Yo
2 +1 -1 -1 Vi
3 -1 +1 -1 by
4 -1 -1 +1 V3

Macca kaxaoro 00beKTa OIEHUBAETCS TOJBKO IO pe3ysbTaTaM IBYX
OIIBITOB: TOTO OIIbITa, B KOTOPOM Ha BEChI 6I)IJ'I IIOJIOXKECH I/I3y‘laCMI)II>'I 06’5-
€KT, U XOJIocToro ombita. Hampumep, macca oOwvekTa A: ma=y—y. Kak
O6I)IT-IHO, ommnOKa B3BEIINBAHUS npeamnoIaracTcs HE3aBHUCHUMOM OT B3Be-
LIMBAaEMOM BEJIMYMHBI, aJJUTUBHON U UMEIOLIEW OJHO U TO K€ pacnpene-
nenwre. Torna nucrepcus N3MepeHns Beca 00pasiia CIeIyomast:

2 2 2 2
6, =0, +0,,=20", (5.4)
rue o> — muctiepcus Jro00ro B3BemuBanus. Takumu ke OyayT U Tuctep-
cuu BecoB oOpasios B u C.

[IpoBenem Tenepb TOT K€ HKCIEPUMEHT MO HECKOIBKO MHOM CXEME,
3aJaBacMO MaTpUIICH IJIAHUPOBAHUS, IIPUBEICHHON B Ta0JI. 5.4,



Tabnuua 5.4
IlnaHupoBaHue FKCIIEPUMEHTA
MY B3BELIMBAHUU TPEX OOBEKTOB

Howmep A B C Pesynbrar
OITbITa B3BEIINBAHUS
1 +1 -1 -1 Vi
2 -1 +1 -1 b
3 -1 -1 +1 b
4 +1 +1 +1 V4

B mepBBIX Tpex ompITax MOCIeI0BATEILHO B3BEIINBAIOT OOBEKTHI A,
B, C, B mocieaHeM OIbITE TOXKE B3BEIIMBAOT 00beKTHl A, B, C, HO Bce
TpU OOBEKTa BMECTE, a «XOJOCTOE» B3BCIIMBAHUEC HE MPOU3BOIUTCS.
B takom mporniecce n3mepeHust Macca KaKIOro 00beKTa OyIeT 3a1aBaTh-
csi popmynamu

My :(yl V27 +y4)/2 ’
my =y, =y =y +3,)/2 (5.5)
Me :(ys V) +J/4)/2 .

Macca o0bexTa A, BEIYHCIEHHAS 10 MPUBEIEHHON BHITIE (hopMyIIe,
OKa3bIBACTCS HE UCKAKCHHOUM MaccaMu BecoB 00bekToB B u C, Tak kak
Macca KaXXJaoro U3 HUX BXOIUT B GOPMYITY IUISI MacChl A JBaXbBI C pas-
HBIMH 3HaKaMH.

Hatinem Teneps TuCHEepCHIo, CBSI3aHHYIO C OIIMOKOW B3BEIIUBAHUS,
10 HOBOU CXEME IMOCTaHOBKH dKCIIEPUMEHTOB:

2 2 2 2 2 2
0A=(0y1+0y2+0y3+0y4)/4=0 . (5.6)

L2 2 2 2
AHajorn4yHbIM 00pa3oM HaXOJUM: G =G°, G =0".

Bunno, 4T0 ipu HOBO# CXeMe IUCIIePCHs B3BEIIMBAHUS MOTyJaeTCS
BJIBO€ MCHBIIICH, YeM MPU TPATUIIMOHHON CXeMe, XOTS B 000UX CIydasx
Ha B3BEUIMBaHKUE TPEX OOBEKTOB 3aTPAYMBAIOCH 110 YETHIPE dTara.

B pesynpTate yero TOYHOCTH SKCIEPHUMEHTa yBEIMYWIACh B JIBA
paza? B mepBoM ciydae SKCIEpUMEHT OB IMOCTABIIEH TaK, YTO KaKIYIO



Maccy HoJiy4alid JIUIb U3 IBYX B3BemMBaHuil. [lo HOBOI cxeMe B3BelIN-
BAaHMsI Ka)K[asi Macca BBIUMCISUIACH YK€ IO pe3yJbTaTaM BCEX YEThIPEX
B3BELIMBaHUI. BTOpyl0 cxemMy MOMKHO Ha3BaTh MHOTO()aKTOpHOH, MO-
CKOJIbKY B HEW ONEpHpYIOT BceMHU (pakTopamu Tak, YTO KaKaas macca
BBIYUCIIAECTCA IO PE3YNIbTATaM Cpa3y BCEX OINBITOB, IPOBEICHHBIX B JaH-
HOH CEpHH 3KCIIEPUMEHTOB. BOT IIaBHAsI IpUUYMHA YMEHBILIEHUS JUCIIEP-
CUU BJIBOE.

Takum 00pazoM, UCIONB30BAHUE TEOPHH IUIAHUPOBAHUS DKCIEPH-
MEHTa MOXET SIBUTbCS OJHHUM M3 IIYT€H CYLIECTBEHHOI'O IIOBBIIICHUS
3 PEKTHBHOCTH MHOTO()AKTOPHBIX IKCIIEPUMEHTAIBHBIX HCCIICIOBAHHH.

5.4. OcHOBBI TEOPUH MOAOOUS

Penrenne peaibHBIX 3a/1a4 B MAIIHHOCTPOSHUH Ha OCHOBE MaTeMa-
TUYECKOTO MOJETMPOBaHUS 4acTo ObIBaeT 3aTpyAHUTENbHBIM. Hanbonee
MOIIHBIM CPEICTBOM PpeLICHHUs] TaKuX 3a/ad, 00OOILEeHHsS SKCIEepUMEH-
TaJIBHBIX U PACUETHBIX JaHHBIX SBISACTCS TEOPHS MOJOOHS.

Teopust nodobus (ydeHue o MoJ0OHBIX SABJICHHUSAX) JaeT OOLIUi Me-
TOJ TpeoOpa3oBaHUsl BHIPAKEHHH, coAepKamux auddepeHnranbHbe
OTIepaTophl, K MPOCTEUIINM aNreOpanyecKuM ypaBHEHUSIM.

CyTh MeTOa B TOM, YTO pEeabHBINA MPOIECC 3aMEHSETCs MPOCTeii-
nIell yCIOBHOM cxeMoil (MOJeNbio), B KOTOpOH Bce muddepeHnnaibHbIe
OTIepaTopbl COXPAHSIOT MOCTOSHHOE 3HAYEHNE B MIPOCTPAHCTBE U BO Bpe-
MeHH. TepMHH «110j001e» 3aUMCTBOBAH M3 reoMeTpur. Tak, Ui mogoo-
HBIX uryp (puc. 5.3)

Puc. 5.3. 'eomeTpruecku mo100HbIC 00IACTH
s 00beKTa (CeBa) U MOJACITH



oo qn
£EE -
1 2 3

rae C; — KOHCTaHTa TeOMETPHUIECKOTO TOI00us, i KoddpHumueHT mepe-
cdera MaciTaboB, 3Hast KOTOPBIH, MOXHO MOJYYUTh JIF000H pa3Mep B OJI-
HOM CHUCTEME 10 CXOJCTBEHHOMY pasMepy B apyroii. CreictBueM reo-
MCTPUUYCCKOT'O HOI[O6I/I$I ABIACTCA COOTBETCTBCHHOC BBIPAXXCHUC I
momaneit (S) m o0pemoB (V)

"
2 V 3

S"
2 -c,=C —=C,=C. (5.8)

S!

Ha npakTuke mpu reoMeTpUIecKOM MOA00MHU UCTIONB3YIOTCA HE Xa-
PaKTEepPUCTUKU JUIMH CTOPOH MHOTOYTOJIbHMKA, a UX KOOpAWHATHL. Eciu

BBCCTH CUCTEMY IPAMOYTOJIBHBIX KOOpJAWHAT X, Y, TO IIPpHU I€OMETPUYIC-

CKOM T0J00MH BCE KOOPAMHATHI X, )/ TIEPBOTO TPEyrolbHHUKA (00BEK-

Ta) MPONOPLHUOHAIBHBI COOTBETCTBYIOIIMM KOOPAMHATAM X,, )/ BTOPO-

T'o TpCyroJibHUKa (MO,[[GJ'II/I), T.C. BBIIIOJHAIOTCA COOTHOIICHUA

T-c;X=c, (59

x' y

DTOT mpuUMep WLTIOCTPUPYET JNallbHEHIIee pa3BUTHE TIOHATHS 1000~
bue — apunnoe nodobue, MpU KOTOPOM JOIYCKACTCS HEPABEHCTBO
MacmTaboB MO OTIEIHHBIM KOOPAMHATHEIM OCSIM. B 3TOM ciydae reo-
MeTpHu4ecKue (GUryphl WK MIPOCTPAHCTBEHHBIE OOBEKTHI Kak OBl aedop-
MUPYIOTCS: KPYT MPEBPAIACTCs B DIUIMIIC, MAPATUICIICIHIE] ¢ HEPABHO-
MepHBIMU pebpamu — B Ky0 u T.11. [lepexox k apduaHOMY MOI00HIO BO3-
HUKaeT, HalpuMep, MpH MOJEIMPOBAHWM TPOIECCOB B 00paboTKe
METaJUIOB PEe3aHUEM, KOTJa pa3Mep 30HbI Pe3aHusl Mal MO CPABHEHHIO C
pasMepamu JeTallu.

[Ipeobpasytomme GyHkmuu (5.9), OCyIIECTBISIOMINE B3aUMOCBS3b
MEXIy KOOpINHATAMHU MOJETH M 00HEKTa, MOTYT OBITh W HEJTMHEHHBIMH.



Hns peanuzanuu 1ogo0Oust pU3NYECKHX SIBICHUI TeOMETPUYECKOTO
Mo00MsI HEJJOCTATOYHO, HEOOXOJMMO COOITIOZICHNE TIO00HS U TI0 IPYTHM
XapaKTepUCTHKaM, OIPEACIAIONIMM 3TH SBJICHUS: BPEMEHH, CKOPOCTSM,
Maccam, cuiaM, TeMIepaTypam, TeIIOQU3NIECKIM CBOMCTBAM H T.1.

JlaguM OCHOBHEBIC TTOHSATHSI TIOIOOHBIX SIBICHHUI.

OOHOUMEHHIMU GENUYUHAMY HA3BIBAIOTCS TaKHE, KOTOPbIE UMEIOT
OJIMHAKOBBIC (PU3MYECKUH CMBICT M Pa3MEPHOCTH (HAIpUMeEp, TeMIiepa-
Typa 00BEKTa U MOJIEININ).

Cxo0cmeeHHbIMU MOYKaMU CUCTEMBI HAa3bIBAIOTCS TAKKE TOYKH, KO-
OpPAMHATBI KOTOPBIX YJOBJETBOPSIOT YCIOBHUIO T'€OMETPUYECKOro IMOJO0-
ous (5.7).

Cxo0cmeenHvle MOMEHMbl 8peMeHy HACTYNAIOT 10 UCTEUCHUH Tie-
pHOJIOB BpeMeHH ! W t", UMeromuX o0liee Hayauo OTCYeTa U CBS3aH-

HBIX MEXIy co0oll koHcTaHTOU nogobust C, =t"/t".

1l000OHbIMY HA3BIBAIOTCS (QU3WUYECKUE SBIICHUS, POTEKAIOIINE B
TeOMETPHUYECKH MOJOOHBIX CUCTEMAaX, €CIM Y HUX BO BCEX CXOACTBEHHBIX
TOYKAaX B CXOJICTBEHHBbIE MOMEHTHI BPEMEHU OTHOIIEHHS OJHOMMEHHBIX
BEJIMYMH €CTh MOCTOSHHBIE YMCNIA. JTH TMOCTOSHHBIE YHCIa HAa3bIBAIOTCS
yucramu noooous.

Crienyer OTMETHUTh, YTO MOAOOHBIMH MOTYT OBITH SIBICHHS OAMHA-
KOBOM IMpPUpPO/IbI, ONMUCHIBAIOIINECS OJMHAKOBBIMHU aHATUTUYECKHUMH 3a-
BHCHUMOCTSIMU. SIBJICHHSI, ONICHIBAEMbIE OIMHAKOBBIMH YPABHEHUSAMHU, HO
MMEIOIIKE Pa3Iu4yHyl0 IPHUPOAY, HA3bIBAIOTCS anarocuunsbimu. [Ipumep
AQHAJIOTHYHBIX SIBICHUH: TEIJIONPOBOAHOCTD M quddy3usi, onucriBaeMbie
OJIMHAKOBBIMM II0 BHEIIHEMY BHJy ypaBHeHHsAMH Dypre u Puka. Ms-
BECTHBI AJIEKTPOTEIIOBAs], THAPOTEILUIOBAS AaHAJIOTHH.

[lomyunm wumcna momobws, mpearnosaras, 4To OOBEKT U MOJIENb
YAOBJIETBOPSIIOT BTOpOMY 3akOHY HproToHa:

2
m % =2F. (5.10)



2.
— !
Z—EF;CI/IZ[.HSIMO-

dr’

d*x"

T =2 F

nenu: m”

BBeznem KoHCTaHTBI OIO0MS T BXOIAIINX B ypaBHeHue (5.10) BenuuunH:

m” t” x" F;CII
Cm = y 0 Ct = _, > C[ = _' b CF = _' B
m t X F

U3 KOTOPBIX HaliieM IepeMEHHbIE ISl MOJEIH:
_ ' " __ i " __ ' "__ i
=Cm', t"=C1t, x"=Cx', F/=C.F,,
HO/ICTaBHM HMX B ypaBHEHHUE JUIs MOJETIH:

d*x" c,d’ d’x' C,.C’
xz—ZF"sz x—C YF =>m' );— ——>F
dt” C*dt” dt' c,C

t

"

m

U3 TOXICCTBCHHOCTH ypaBHeHI/Iﬁ JJIs 00BEKTA U MOACIHU BBITCKACT

2
GGy, (5.11)
CmCl

C,C’

t

Bripaxenne C = HAa3BIBACTCS UHOUKAMOPOM NOO0OUsl, a BBITE-

m1

karoriee u3 (5.11) cooTHOmEHNE

F!trZ FNZJ!Z
=— (5.12)

m'x’  m"x

Ha3bIBaeTCs ycinosuem nododusi. Papencrso (5.11) mpencrarisier coboi
MaTeMaTHUYECKOE BBIPAKECHUE nepeoll meopemvl nodobus, KOTopas ria-
CHUT: ¥ NOOOOHBIX AGNIEHUL UHOUKAMOPbL n000bus pasuvi eounuye. 1lon-
JIMHHBIA CMBICT PABEHCTBA CITUHMIIEC MHIMKATOPA MOJ00MS 3aKII0YaCTCs
B TOM, YTO CYIECTBEHHOE 3HAUCHHE JJIs TPOIecca TUHAMUYECKOTO MO-



JI00MsT UMEET He KaKIbId M3 [MapaMeTpoB, BXOIAIIMX B 3akoH HbroToHa
B otnienbHOCTH (F, m, t, X), @ BIIOJTHE OIpEIeIICHHAs UX KOMOWHAIMS, Ha-
3pIBaeMas yuciom Hoviomona:

2

Ne=F—t=£. (5.13)

ml mv
Uucio HeroToHA HA3BIBACTCS UHBAPUAHIOM (YUCIOM) NOO0OUSL N XapaK-
TEpPHU3YyeT OTHOIIEHUE UMITYJIbca CHIIBI (F?) K uMnyscy (mv, v=1/t), oHO
OJTMHAKOBO JUTS BCEX TMOMOOHBIX MEXKAy COOOM SBICHUIA, U MepBas TEO-
peMa 1mo1o0ust MOXKET ObITh CPOPMYIUPOBAHA TaK: ) NOOOOHLIX S6NCHULL

yucna nododus (K) moacoecmeentut:
2

Ft
K = Ne =——=idem. (5.14)
ml

Juis 0000mmeHnst yCIoBUSl AUHAMUYECKOTO TOJO0US PacCMOTPHM
Oojiee CIIOXKHBIM BapuaHT, BBITEKAIOUIMH M3 BTOPOro 3akoHa HpioToHa
JUIsI HEPaBHOBECHBIX IPOLIECCOB — OJJHOMEPHOE CTAllMOHAPHOE TEUCHHE
BSI3KOM HEC)KMMAEeMOH >KUIKOCTH OJ ACHCTBUEM Iepenaaa AaBICHUS CO
CKOPOCTBIO U BJIOJIb OCH X, IIPH 3TOM CKOPOCTb M3-3a CHJI TPEHUS 3aBUCHUT
OT IBYX KoopauHat x u y. CooTBeTcTByMoLIee 1udpdepeHInanbHOe ypaB-
Henne Hasre-Ctokca (4.12), KOTOpOe B YaCTHOM CIIy4ae OMHCHIBAET CTa-
LHUOHAPHBIN NEPEHOC UMITYJIbCa N0 AEHCTBUEM CHJI TSAKECTH, BHELIHETO
JTABJICHUS U BSI3KOTO TPEHUS, HIMEET BUJI

1 2
ua—”zg——a—pwa—f. (5.15)

Jns 3anmcu 3TOro ypaBHEHUs B 6e3pa3MepHOM BHUE BbIOEpeM B Ka-
YeCTBE MACIITA0OB CIEAYIOIINE XapaKTepHbIE BEIIMUHUHBL: / — XapakTep-
HBII pa3mep obnactu; py — NaBJIEHUE; Uy — cKopocTh. Torma Ge3pasmep-
HBIE TIepeMEeHHbIE (OHU 0003HAYEeHBI CBEPXY YePTON) MPUMYT BUJ

- X __ Y __P —_
X=—,Yy="pPp=", U= .
/ [ Do u,

u

(5.16)



Ortcrozia MoyvaroTCs pa3MepHbIC IIEPEMEHHbBIC
x=X1L,y=ylL,p=p p,, u=uu,.

[ToncraBum 3TH pa3MepHble NepeMeHHble B ypaBHeHHe HaBbpe-CTokca
(5.15) u BEIHECEM MTOCTOSTHHBIC MAcCIITa0bI 332 3HAKH IPONU3BOTHBIX:

o 1 p,0p o’
uoﬁuo u:g__p0p+vu_g L;,
| &% p, lox P&y

2
H0CJIe YMHOKEHHs ypaBHEHUs Ha [/ u, HOIy4nm

ou gl op o’u
T (5.17)
OX uy Py OV uyl oy

VYpasuenue (5.17) 6e3pazMepHO, HO Pa3MEPHOCTH BCEX CIIAaracMBIX
JIOJDKHBI OBITH OJIMHAKOBBI, KaX/IbI U3 TPeX KOMIUIEKCOB B IIPABOY YacTH
YpaBHEHUS JIOJDKEH OBbITh Oe3pa3MepHBIM U SBJISETCS MHBAPHAHTOM IO-
no0us:

~

Fr=2l pu=Lo pe=to!

u, Polty v
rae Fr, Eu, Re — cooTBercTBenHO uncia ®pyna, Diinepa n PeliHonbaca.
Uucna ®pyna u PeliHonbica ompenessitoT reoMeTpUI0 U (U3NYECKUE
CBOMCTBa CHCTEMBI W SIBIIOTCA €€ IMapaMeTpaMH, TaK KaK MOTYT H3Me-
HUTBCS TIPY TIEpexojie K APYrod cucreMe. JTH YHcia MoJo0us Ha3biBa-
10TCsl onpedenaiowumy. Yucno Dinepa xapakrepusyeT Oe3pazMepHBIN
mepemnaj JaBICHUS, KOTOPBIM MOMJICKUT ONMpPEIENIEHHIO, U Ha3bIBaeTCS
onpedensiemuim unucioM. C ydetoMm ymcen nmojodus ypaBHeHue Hasbe-

CTokca MpuHUMAET BU

o o 1 ou
i =Fr-FuL+—"—. (5.18)
o dy Redy



Ilepsas meopema nododust, Tpedys TOXKIAESCTBEHHOCTH YHCEN MO0~
owus, hopMynHupyeT He0OOXOAUMBIE YCIOBHUS CYIIECTBOBAHHS MMOI00US, HO
HE OTBEYACT Ha BONPOC O KOJIMYECTBE YHCEII MO00MsI, criocole peannsa-
UM TTOJIO0MSI TIPH MOCTpOeHUU Mozesel. OHaKo WHTepec MpeICcTaBIIs-
IOT HE CTOJIKO CaMH 4Hcia MoA00us, CKOJIBKO COOTHOILICHHUS MEXIy HH-
MU. B03MOXHOCTh TIpeACTaBICHHs pEIIeHUs (Ha MpUMepe YpaBHEHUS
Hasre-CTokca) kKak QyHKIUM OT YHCEN MOJ00HUS B BUIE KPUTEPHUATHHOTO
YpaBHEHUSI W COCTAaBIISICT COICpPIKAHUE GmMOpoli meopemvl noodobus (-
TEOPEMBI).

CMBICTT 3TOI TEOpPEMBI pacCMOTPUM Ha puMepe ypaBHeHus Hasne-
Crokca (5.15), pemenrie KOTOPOTO MPH COOTBETCTBYIOIMINX KPAaeBbIX yC-
JIOBUSIX AOJDKHO UMETh CIIEAYIOLIHIA BUI:

u=u(x,y,p,v,g,uy,l),

(5.19)
p=p(x,y,p,v,g,u,,1).

HckoMble BETMYMHBI — CKOPOCTh M AAaBJICHUE SIBISIOTCS (QYHKIMSAMH JIBYX
apryMeHTOB (KOOPAMHAT X H y) U MATH MapaMeTpoB (IUIOTHOCTU P, KUHE-
MaTHYECKOM BA3KOCTH V, YCKOPEHHs CBOOOIHOTO MaJeHUs g, MacITaboB
CKOpOCTH Uy ¥ JUIUHBI /).

[locne npuBeneHus ypaBHeHUs K Oe3pazmepHoMy Buay (5.18) ume-
€M pellIeHHe

u=u(x,y,Re,Fr),

(5.20)
Eu = Eu(x, y,Re, Fr).

[Tpu sTOM KakJast UCKOMasi BeJIMUYMHA 3aBHCUT YK€ OT JBYX Oe3paszmep-
HBIX KOOPJMHAT U JIBYX MapamMeTpoB. B paccmaTpuBaemoii 3agaye 4ncio
napamMeTpoB IpH Mepexoze K Oe3pazMepHbIM IePEMEHHBIM YMEHBILINIOChH
Ha TPH.

B03MOXHOCTB COKpaIlIeHUs YMCIIia apTyMEHTOB WM NTapaMeTpoB 3a-
Jaud YTBEPXKIAeTCs T-TEOPEeMOW MOoJOOHs, B COOTBETCTBHU C KOTOPOH
moboe ypasHeHue, cesazvlearouee medicdy cooot N uszuueckux eiuyuH,



u3 komopwvix K eenuuun obnadarom He3a8UCUMBIMU PA3ZMEPHOCHAMU,
MOJCHO npeobpazosamsv K ypasHenutro, ceazvisaroujemy N—K bespasmep-
HbIX KpUmMepues.

B pemennn (5.20) uncna mogo6usi, COCTaBICHHbIE U3 MapaMeTpOB
(Fr, Re), HazwiBatoTCs onpedensiowumu, a 0e3pasMepHasi CKOPOCTh U U
gucio Dunepa Eu — onpedensemvimu.

VYcnoBus, 10CTaTOUHBIC AJISI CYIIECTBOBaHMS NMOA00MA (PU3NUIECKUX
sIBIICHUH (TPeThsl TeopeMa Moao0us1), ObLIM BIiepBbIe chOpMYITHMPOBAHBI B
1930 roxy KupnngaeBsiM u [ 'yxmaHOM B BUI€ TPEX MOIOKESHUH!

1) momoOHbBIE TIPOIIECCHI JOKHBI OBITh KAYECTBEHHO OJMHAKOBBIMU,
T.€. OHH JIOJDKHBI MMETh OJUHAKOBYIO (PM3MUYECKYIO NMPHUPOIY U OIHCHI-
BaThCs OIMHAKOBBIMU U PepeHIIHATbHBIMU YPaBHEHUSAMHU;

2) ycnoBHs ONHO3HAYHOCTH (K HUM OTHOCATCS T€OMETPHYECKHE U
(m3nyeckue mapaMeTphl CHCTEMBI, Ha4aldbHbIE W TPaHUYHBIC YCIOBHS)
MOJOOHBIX MPOLECCOB MODKHBL OBITH OAMHAKOBHIMH BO BCEM, KpOME
YHUCJICHHBIX 3HAUYEHHH Pa3MEPHBIX MOCTOSHHBIX, COJEPXKAIIMXCS B 3THUX
YCIIOBUSX;

3) OHOMMEHHBIE OIpPENeNSIONNe KPUTEPUU TOTOOHBIX MPOIECCOB
JOJKHBI MIMETh O/INHAKOBBIC YHCIICHHBIC 3HAYCHUS.

OTMETHUM CIIEJCTBUS TEOPEMBI:

1) eciu iporiecchl 4 U B 110100HBI, TO JTF00ast (hU3UYECKas BEIIMYMHA
¢ B JAHHOW TO4YKe TIpolecca A MPONOPIHOHAIFHA COOTBETCTBYIOIICH
BEJIMYMHE B CXOJICTBEHHOM TOUKE Ipoiiecca B;

2) nonoOHBIE MPOLIECCHl MOKHO PACCMAaTPHUBATh KaK OJUH M TOT XKe
Mpolecc, HO B3SITHIA B pa3IMYHOM MacuTade, pudeM MacIiTadbl pa3Ho-

HUMCHHBIX BCJIMYUH MOTYT OBITh HCOIUHAKOBBIMU.

5.4.1. IlpumeHeHUEe TeOPUHU MO00UA K 3a]aUaM TelJooOMeHa

Yucna mono0ust MOXKHO NOJTy4aTh MyTEM aHalIn3a pa3MEepHOCTEH M3
W3BECTHBIX TU(PQEepeHINANBHBIX YPaBHEHHH, OMMCHIBAIOUIMX XOJA IIPO-
necca. Hanpumep, il ypaBHEHMsI BTOPOro 3akoHa uucio HeroToHa Mo-



KET OBITH MOJIYICHO KaK OTHOIIEHHE Pa3MEpPHOCTH MPABON YacTH ypaB-
Henus (5.10), xapakTepu3yromei BHEITHNE CHJIBI, K PAa3MEPHOCTH JIEBON
YaCcTH, XapaKTEPU3YIOIIEeH CUIIbl HHEPIIUU:

@ F Fr
N milt* ml

d2
md—f=ZFx:>Ne (5.21)
t

o @

[Monmyunm, TakuM 00pazom, 4nciIa NOAOOHS U3 ypaBHEHHUH, OMHUCHI-
BaIOIMX TEIDIOOOMEH B KHJIKUX W Ta3000pa3HbIX (BS3KUX) TEIIOHOCH-
TEJISIX.

TermnooTnaua Mexay TBEPIOH MMOBEPXHOCTBIO ¢ TeMneparypou T, u
Bs3KOM cpenort ¢ temmeparypor 1, (7,>7.) ¥ TEMIOMPOBOJAHOCTHIO A B
MPUOJIMYKEHUY ITOTPAHCIIOS OTIMCHIBACTCS YPaBHEHUEM

—x[a—Tj ~ (T, ~T,).
on) (5.22)
M (2)

bespasmepHoe oTHOIIEHHE MpaBoi YacTH ypaBHEHUs (5.22) K JeBOi Ha-
3bIBaeTcs wuciom Hyccenoma

@ _at ol (5.23)
My ae/l A

Yucno Hyccenoma Nu =,/ (A /1) sBasercs onpeneisieMbIM U Xxapaxkme-

pusyem 6e3pazmepHblil KO3phuyuenm menioomoauu.

PaccMoTpuM KpUTEpHH MOM00MS, BHITCKAIOIINE M3 YPAaBHECHHUS Iie-
penoca termtoBoit sHeprum (4.10). s sToro 3ammimeM OTHOMEPHOE
ypaBHEHHUE MTEPEHOCA TEIIIOBOM SHEPTUH 0€3 NCTOYHHUKOB TEIIA!

orT oT o°T
—+u—=a .
ot Ox ox’

@ (2 3)

(5.24)



O1eHrM OTHOIIICHHE BTOPOTO WICHA YPaBHEHUS, XapaKTepU3yIoIie-
0 KOHBEKTHBHOE TEIUIO, K TPEThEeMY WICHY, XapaKTepu3yroemy aud-
(dy3uonnoe terio. [Ipu aTom OyaeM IMOJIb30BAaThCS XapaKTEPHBIMH pa3-
MEpPHBIMU BEIMYMHAMU: CKOPOCTBIO U, TemIiiepaTypou 7, TemnepaTypo-
MIPOBOTHOCTHIO @ W TMHEHHBIM pazMepoM /:

ut [at ul
@)/ (3)=" 5=
[/ a
. . /
IMony4yeHHBIN KpUTEpHUH MOI00Ms HassIBaeTCs uuciom llexkne Pe=—,
a

XapaKTEPU3YIOLIUM OMHOCUMENbHYI0 UHIMEHCUGHOCHb KOHBEKMUBHO20 U
oup@y3uonno2o mexanusmos nepenoca mennosol sHepeuu. Tak, HpH
Pe>1 KOHBEKTUBHBIH MEXaHU3M IEpPEHOCa TEIUIOBOM PHEpruu mpeodia-
naet Han quddy3uoHHBIM MexaHu3MoM. Eciu 3ajada pemaeTcs ¢ nHxe-
HEpHOH TOYHOCTBIO 5 %, To mpu Pe>95 TpeTbuM ujeHOM B ypaBHEHHHU
(5.24) moxHO IpeHeOpeyb 110 CPaBHEHHUIO CO BTOPHIM. TakuM oOpas3om, B
CPaBHEHMH MHTEHCHBHOCTH IPOLECCOB KOHBEKUIMH U AuDy3uH Tema
CYLIECTBEHHOE 3Hau€HHE MMEIOT He TPH pa3MEpHbIX MapameTpa u, /, a B
OTACNBHOCTH, a MX BIIOJHE ONpeAeieHHas KOMOWHAIMs, Ha3blBaecMast
yncioM [leke.
OTHOIIEHHS APYTHX YWIEHOB ypaBHeHus (5.24)

al /T t
(3>/<” - lz/ t Pla

ul /T t
<2)/(1) _1/ T

XapakTepu3yIoT Oe3pa3MepHoe BpeMs Ipoliecca MepeHoca Teruia, mpuieM

2
/ / a — XapaKkTepHOe BpeMsi Ipoliecca MepeHoca Teria TeIIonpOBOIHO-

CTBIO; //u — XapakTepHOe BpeMs Ipolecca NepeHoca Telia KOHBEKIHE.
[TomrydeHHbIe KpUTEPUN XapaKTEpU3YIOT Oe3pa3MepHOe BpeMs Ipollecca
nepeHoca Teria 1 HasbiBatoTes yuciamu @ypwve (Fo) u comoxponnocmu
(Ho — otHOpOAHOCTH TI0 BpEMEHH):



Fo=——_ Ho=——
_lz/a’ _l/u'

PaccmoTpum KpuTepuH Mogo0Ws, BBITEKAIOIIWE W3 OIHOMEPHOTO
BapHaHTa ypaBHeHUs ABMKeHnd (4.12),

+v .
ot oOx p x o (5.25)
» 2 6 @ O

VpaBHeHne mnpeactaBmsier Oamanc cuia mHepumm (1, 2), Tsokectu (3),
BHEIITHETO JaBjicHUS (4) B BI3KOro TpeHus (5).

OTHOIIIEHHE BTOPOIO YJCHA YPaBHEHHMSI, XapaKTEPU3YIOIIETO CHIIbI
WHEPLMY IIPU CTALlMOHAPHOM TEYEHUH, K IIATOMY, XapaKTEpU3YIOLIEMY
CUJIBbI BA3KOI'O TPCHHUA, SABJIACTCA Ba)KHEHIIIUM KpUTEpUEM HOJIO6I/I$I, Ha-
3BIBAEMBIM uuciom Petinonvoca:

2

(2)/(5):M/Vzl=ul:Re:Re:ul.
171 1 v
Tlpu MasbiX 3HAYCHHUAX umcia Peitnonbaca (Re < 10%) cuisl Bsi3koro Tpe-
HUs Tpeo0najaroT Hajll CHIaMU WHEPUUH, LHUPKYJNUS BSI3KOH Cpeabl
UMEET CIIOUCTYIO, JAMUHAPHYIO CTPYKTYpy. Ilpn OONbIIMX 3HAUEHHAX
ancia Peiironsaca (Re > 10%), korma WHEPLMOHHBIC CWJIBI MTPE00JIaIatoT
HaJl CHJIAMH BSI3KOTO TPEHUSI, LMPKYJISILUS BSI3KOW Cpeibl UMeeT mypoy-
JleHmHyio CTpyKTypy. [lonepeunsie mynbcaiui CKOPOCTH U TEMIIEpPaTyphl
npu TypOyJIEHTHOM KOHBEKUUH NPHUBOIAT K BO3PACTAHUIO BSI3KOCTH U
TeMIEepaTyponpoBogHOCTH. [lonydyeHHble paHee ypaBHEHHs MEpeHoca
HMITYJIbCa U DHEPTUHU OCTAIOTCA CIPABEAJIUBBIMU AJIS1 YCPETHEHHBIX CKO-
pocTeil U TeMiepaTyp, B HUX MOSBIISIOTCS JUIIbL 100aBKU K K03 duIm-
€HTaM BSI3KOCTH M TEeMIIEPaTypPONPOBOAHOCTH, YUYHUTHIBAIOLIUE TYpOy-
JIEHTHOCTh U BBIYHCIISIEMBIEC C IPUBJICYEHUEM JTOTOJHUTENBHBIX MOTYIM-
NUPUYECKUX TUNoTe3 TypOyieHTtHocTH. OONacTb HM3MEHEHHsS Yuciia
Peitnonbaca 10° <Re <10* xapakTepusyeTr cmewanmblii PEKUM TEUCHUS,
Ipy KOTOPOM HaOJII0aeTcs NpUMEPHOE PAaBEHCTBO CHJI MHEPLHMH U BSI3-
KOTO TPEHMS U MPOUCXOOUT CMEHA JIAMHUHAPHOTO M TypOYJIEHTHOTO pe-
JKUMOB TE€YEHUS.



Taxkum ob6pazom, uucio Petinonvoca, xapakxmepusyioujee omHouie-
HUe CUl UHepyuu K CULAM 613K020 mpeHus, UTPaeT BAXHYIO POJb IS
OTIpe/IeTICHUs CTPYKTYPhI TEUCHHS BSI3KOTO TETJIOHOCHTEINSI TPH BBIHYXK-
JICHHOM KOHBEKIIHM.

OTHONICHHE TPEThEro WieHa ypaBHEHHUs (5.25) KO BTOpOMY HaeT

yucno @pyoa:
u’ gl !
B/ Q=g/ =5 =Fr=Fr=5",
I u u

xXapaxmepusyrouee OmHOCUMETbHYIO HO CPABHEHUIO ¢ UHEPYUOHHOU CUTLY
MsHCECIU.

W3 cpaBHEHHUS CHJT BHEIIHETO JABJICHUS C CHJIAMH WHEPLIUU B ypaB-
HeHnu (5.25)

Ap [u® A
e e
pl/ I pu

Ap
nosy4aetcst yucio Jinepa Eu =—— , Xapaxmepusyioujee OTHOLICHUEC
u

repenaga JaBjI€HUS K yJABOCHHOMY JIMHAMHYECKOMY HAIOPY (pu2 /2),

T.€. Oe3pasmepHulil nepenao 0asieHus.

B xpurepusx Peitnonbnaca, Iexne, ®pyna, Oitnepa conepxurcs xa-
paKTepHasi CKOPOCTh IIPOLIECCa, JIETKO ONpeaeisieMast IPU BbIHYKIACHHON
KOHBeKInu. HanprMep, py Te4eHNN TEIUIOHOCUTENS B KaHajax IpH 3a-
JAaHHOM IIepenajie JaBJICHUs 3Ta CKOPOCTh OIMPEENIeTCs KaKk OTHOLIEHHE
00BEMHOI'0 CEKYHIHOI'O pacxoja TEIIOHOCUTENS K IUIOIAAX IoIeped-
HOTO cedyeHHs kaHana. IIpu cBOOOAHOV KOHBEKITWH BBIJCIICHHUC Xapak-
TEPHOI CKOPOCTH 3aTpyAHUTENBHO. [I09TOMY IpencTaBIseT HHTEPEC MO-
Jy4deHUE KpUTEepHsl U3 KOMOMHAIMK NOJIYYEHHBIX KPUTEPHEB, HE COIEp-
Kalero XapakTepHyl0 CKOpOCTh mpouecca. Takas KomOuHanus,
cocTaBJIeHHas u3 uuceln PeitHonbpaca u @pyna, Ha3pIBaeTcsl Yuciaom [ a-
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, Xapakmepusyrouwum cOOmHouterue cujil ms-

JHcecmu U 8s3K020 MpeHUs.

YMHOXkas monydeHHOe uncio ['ammies Ha Apyroi Oe3pa3MepHBIH
KOMITJICKC — OTHOCHUTEJIbHOE U3MEHEHHE TUIOTHOCTH BSI3KOH Cpeilbl, MO-
3
gl Ap

S ——,, Xapakmepusyioujee onHoCu-
v p
MEAbHYI0 NOOLEMHYI0 CUNY 8 BA3KOU cpede C HeOOHOPOOHOU WIOMHO-

JydaeM 4Mcio Apxumeoa Ar =

cmyoio. Uucno Apxumena, HampuMep, MPOMOPIIHOHATEHO HHTCHCUBHOCTH
paszeieHusl cMEeCH ABYX TEIUIOHOCUTENEH C Pa3HbIMHU IJIOTHOCTSIMU B
MoJIe CHJI TSDKECTH (HAmpuMep, CMeCh BOABI M Maclia B CMa30d4HO-
OXJIAXKTAIOIICH KUTKOCTH).

B tom cimydae, xorja pazinyue IJIOTHOCTEH B OJHOPOIHOM cpere
BbI3BAHO TEMIICPATYPHBIM I1OJIEM

ﬂ: Po—P _ Py — Py (1-PAT) _
p Po Po

BAT,

3

4yucia0 Apxumena nepexoaut B uncio / paceoga Gr = BAT, nponop-

V2
YUOHATbHOE OMHOCUMEbHOU NOOBEMHOU CUjle, OeUCMBYIouel Ha Yacmuyy
853K020 MENJIOHOCUMENISL 8 HCOOHOPOOHOM MEMREPAMYPHOM NoJe.
OtHomenne umcen [lekne u PeliHonbica naer HOBBINA Oe3pazmep-
HBIH KOMILICKC — uucio [Ipanomiis, 3aBUCAIIEE TOJBKO OT TEIUIO(pHU3UIE-

Pe v
CKUX CBOHCTB cpelibl Pr = — = —. DT0 4uCIIO MpencTaBiseT co0oi oT-
Re a

HOIIIEHHE KMHEMATHUYECKOM BSI3KOCTHU TCIUIOHOCUTEIA, NPOIIOPIIUOHAIIb-
HOW TOJIIIMHE AMHAMUYECKOT'0 MOTPAHUYHOTO CIIOS, K TEMIIEPaTypOIpo-
BOJIHOCTH, MPOMOPIUOHAILHON TONIIMHE TEMIIEPaTypPHOTo MOTrPaHHYHO-
ro cuost (puc. 5.4). Takum obpazoM, wucio Ilpanomus sensiemcsi Heno-
CPeOCBEeHHOU Mepoll OMHOWEHUS MOTUWUH OUHAMUYECKO20 U meMnepa-
MYPHO20 NOSPAHUYHBIX CILOEB.



A A 4

[ ]

Puc. 5.4. Pactipenenenne CKOPOCTH U TEMIIEPATYPBI
B MIOTPAaHUYHBIX CIIOSX IIPH MaJIOM (a)
u 6onbiioM (6) uncnax [Ipasaris

B npenenvHoM cityuae, korja uncio [Ipanarig mano, TonmuHa au-
HAMHAYECKOTO MOTPAHUYHOTO CJIOS MHOTO MEHBINE TOJIIAHBI TEMIIEpa-

TYPHOTO IIOIPAHUYHOIO cj1osi, 8, <<, = Pr <<1. Takoii ciyuaii umeer

MECTO JJISl pacIiaBiIeHHbIX MeTauioB. [1pu 6ompmmx uncnax [Ipanarus,
HA00OPOT, TOJIMHA JUHAMHYECKOTO MOTPAHUYHOTO CJIOsi OOJbIIE, YeM

TOJIIMHA TEMIIEPATYPHOrO €iiost, 8, << 6, = Pr <<1. D10 Habmonaercs

B CMOJIaX, Macjlax U APYTHUX BSI3KUX Cpelax C Majod TeMmepaTypoIpo-
BOJHOCTEIO.

5.4.2. Ilpumepbl NpUMEHEHNsI TEOPUHU MO100USA

PaccMoTpuM 3amady TEIIOOOMEHA MPH 6bIHYICOCHHOM JIBUKCHUH
TEIUIOHOCUTEIIS B TOPU3OHTAILHON TpyOe MOJ| ICHCTBUEM BHEIIHETO TIie-
penana nasieHus. Temreparypa TEIUIOHOCHUTENS OTIMYAETCS OT TeMIle-
paTyphl OKpYXKarollei cpebl.

[lpu nBYOKEHUM TEIUIOHOCUTENS B TPpyOaxX M KaHaiaX (OpPMHUPYIOTCS
TUAPOJIMHAMUYECKUN M TEMIIEPATYPHBIM MMOrpaHuyHbIe ciou. B npenenax
yuacmka euopoouramuieckou cmadunuzayuy ly 3TM CIIOM CMBIKAKOTCH,
U lajiee YCTaHABJIMBaeTCAd CTaOMIILHOE paclpeleeHle CKOpocTei (puc.

5.5). lns kpyrioii TpyObl 1uamMeTpoM d AamHa 5Toro ydactka [, = 50 d.
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Puc. 5.5. Cxema Temnootaauu B Tpyoe

X

B npenenax y4acTka ruApoAMHAMUYECKON cTabumm3auu (pu x < /)
pacTeT TONLIMHA MOTPAaHUYHOIO CJOS, M3-3a TEIUIOBOTO COIPOTUBICHHMS
ATOTO CII0sl yMEHbIAeTcst KOI(PGHUIMUEHT TEIIO0T/Ia4uH.

IIpu x > [, pexxuMm TeyeHus: 3aBUCHT OT uucia PeitHonpaca. Ilpu
Re< 2:10° maGmiomaercs JamuHapHoe TEYEHHE TEIUIOHOCUTEIS, MHPH
Re > 10* motok cranosurcs myp6ynenmuwim. Ipu Re = 2-10°...10* na-
OmogaeTcst nepexoonbvlll pedcum TEUESHHS U TEIUI00OMEHa.

[lpu naMUHAPHOM HEU3OTEPMUYECKOM TEUCHHU TEIUIOHOCHTEIS
BO3MOXKHBI pa3iIMYyHbIe PEKUMBI TEINI00OMeHa. B yacTHOCTH, TpH BS3KO-
CTHO-TPAaBUTALIMOHHOM PEXHMME Ha BBIHYXIICHHOE JIBI)KEHHE TEINIOHOCHU-
TeJIs. BIUSICT CBOOOJHAS KOHBEKIIMS, y4WThIBaeMas 4yuciioM I pacroda.
JocTtarouyHo ToyHOe 00OOIIEHHE ONBITHBIX AAHHBIX, MOJYYEHHBIX B Ja-
OGopartopuu, maet dhopmyia s cpenHero unciaa Hyccenbra B IIMHHBIX
TpyOax

Nunor =0,15Re%? Pr* G (Pr._/Pr )" (5.26)

oT

Ilpumep 5.1. Onpenenuts KO3()OUIUCHT TEILIOOTIAYN U KOJIUIESCTBO
TepeAaHHON TeTIOTHl NP T€YEHHH BOABI B TOPU3OHTAIBHOW TpyOe mua-
MeTpoM d = 8 MM | JutnHOM [ = 6 M, eciti ckopocTh u = 0,1 M/c, Temnepa-
Typa B OTOKE BOABI Ty,,= 80°C, Temmeparypa crenku Tpy6st T,,= 20°C.



Pewenue. Tipu T, = 80°C cBoiictBa BOABL Aye= 0,675 Br/(M°K);
Vior= 0,365-10° MYc; B = 6,32:10% K'; Pryor = 2,21; mpu Te= 20°C
Pr.=7,02.

I[Tpm 5THX cBOMcTBaX BEIUMCIsEM Kputepun PeitHonbaca u ['pacroda:

ud 1.
Re  =— =L’0086 =2190,
v 0,365-107
_gdP Gﬁm T,)_9.81:0008'-632:10*(80-20)

by - =143:10".
noT \-’ (0..365 IO 3)-

W3 nony4eHHbIX 3HAUEHUH JI€1aeM BBIBOJ O BA3KOCTHO-TPaBUTALIIOHHOM
pexume TeueHus Boasl. [Ipumensist popmyiry (5.26), moryuaem

Nunor = 0,15Re% Pl G (Pr, /Pr,. )" =

noT

~0,15-2190%% (1,46-106) N(2.21/7, 02)"* =8,56.

Cpenauit K03GGUITUEHT TEIUIO0TIAYN

Mor _g 560675 _ 704 P;T '
0,008 WK

o= NuHOT

KonnuecTBo nepenaHHON TENIOTHI
O=a-n-d-I1 (T, ~T,)=724-3,14-0,008-6 (80—20) = 6,55 kBr.

Takum 06pa3zom, yyacTok TpyOBI, B KOTOPOM Te4eT Tropsidasi BOja,
SIBJIIETCSI HICTOYHUKOM TEIlIa MOIIHOCTBIO 6,55 KBT.

0T

IIpu OTCYTCTBUM BHEIIHEH BBIHYXAAIOIIEH CUJIbI TEIJIOHOCUTEID
MOXKET COBEpIIATh C80000HOe NBHXIKEHHE, O0YCIIOBJICHHOE, HamlpuMep,
Pa3HOCTHIO IUIOTHOCTEH HAIPETHIX M XOJIOAHBIX €ro YacTHULl.

PaccmoTpuM cBOOOAHBIH TemyI0o0OMEH B HEOTPAaHMYEHHOM IIPO-
CTPaHCTBE y BepTHUKAIBHON Harpetoil mosepxHoctu (puc. 5.6). Ilog we-
ocpanuyeHnblM TIOHUMAETCSl TaKoe INPOCTPAHCTBO, pasMepbl KOTOPOTO
MHOT0 OOJIBIIIE TOJINIMHBI ITOIr'PaHCIIOA, IIPHU 3TOM TCILUIOBBIC BO3MYILICHUSA
OT HarpeToro (OXJaXJIEHHOTO0) TeJla He PacIpOCTPAHSIOTCS Ha BeCh 00b-
€M, Ha HEKOTOPOM KOHEYHOM YJIaJIEHHH OT MOBEPXHOCTH TeJa TEIIOHO-
CHUTEJb MOXHO CUHTATh HEBO3MYUJCHHBIM.
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Puc. 5.6. Cxema teroornaun
y HarpeTou BepTUKAIbHON CTEHKH

XapaKTep JABWXCHHUSA TCIIJIOHOCHUTCIIA 3aBUCUT B OCHOBHOM OT TCM-

neparypaoro Hanopa AT =T, —T,

o> The T — TemmepaTypa HarpeTou
MOBEPXHOCTH (CTEHKH); Ty — TEMIEPATYpPaA MMOTOKA TEIUIOHOCHUTEIIS, He-
MOJBIKHOTO BIAJM OT NMOBepXHOCTH. C yBEIMUCHHEM TEMIIEPAaTypHOI'O
Haropa JIAMHUHApHOE JBIKCHHUE TETUIOHOCHTENS BJOJb CTEHKH IIePEeX0-
JUT B TYypOYJICHTHOE JIBM)KEHHUE. B HIDKHEW 4acTH CTEHKHU C yBeTUUYECHHEM
TOJIIMHBI JJAMMHAPHOTO THAPOJUHAMUYECKOTO TIOIPAHUYHOTO CJIOSI Tell-
J00TJaua MajaeT, 3aTeM BO3pacTaeT B IMEePEXOJHON 001acTH U CTaOHIIH-
3UpyeTcs B 00J1acTh TypOYJIEHTHOTO T€UEHHsI TETNIOHOCUTEIISI.

Onpenensony poib Mpu CBOOOMHON KOHBEKIUU WIPAET HUCLO
Panes, paBaOe pousBeneHuto rcen ['pacroda u Ilpararias Ra = Gr-Pr.
B nmaGopaTopHBIX yCIOBUSX MOJIYYEHO ypaBHEHHE MOAO0OHs, CIpaBeiu-
BOE JJISl Pa3MUUHBIX (OPM MOBEPXHOCTH TEIUIOOOMEHA (LMIMHID, IJIO-
cKasl CTCHKA),

Nuor = C Ra” (5.27)

rae Ra=g B I’AT /(v-a) — uncio Pares.

3naveHust kodp¢uureHToB C M 7 B 3TOM YpaBHEHHUU 3aBUCAT OT
yucia Panest u npuBeneHs! B Tabi. 5.5.



Tabmuma 5.5
3navenus kodppunreHToB C u n

Ra 1073...5-10° 5-10°...2-10’ 2-10"...10%
C 1,18 0,54 0,135
n 1/8 1/4 1/3

Hampumep, npu mypbyrenmuom pexxuMe CBOOOTHOW KOHBEKIIHH
(Ra=2-10"...10") cpemnnii K03(GUIMEHT TEITOOTIAYH ONPEACISIOT U3
ypaBHEHUS

Nugor = 0,135(Gr,_ -Pr. )", (5.28)

oT

B atux ¢opmynax 3a onpenessionyo TeMIeparypy MpHHATA TEM-
meparypa TEIUIOHOCHTENS BAATM OT Harperoil moBepxHocTu. Ompene-
JSIFOILUM pa3Mep AJsl BEPTUKAIBHBIX TUIMT — MX BBICOTA, OTCUMTHIBaEMast
OT HayaJa TeII000MeHa.

3amumem ypaBHeHue (5.28) B pasMepHBIX MEPEMEHHBIX, IPUHSAB 32
MacIITad JUIMHBI BHICOTY CTEHKU /:

_ 3 0,33 0,33
Gh_ 0,135(%% = a=0,135 x(g—ﬁmj . (5.29)
A v a va

BumgHo, 9To mpm TYpOYJIEHTHOM peXHMe CpemHuil Kod(p(hUIHeHT
TEIUIOOTAauu HE 3aBUCUT OT XapaKTEPHOrO pa3Mepa — BBICOTBHI CTCHKH,
T.€. MPOIECC TEIUIOOTIAAYN A8MOMOOeeH K 3TOMY TIapaMeTpy.

Ilpumep 5.2. OnpenenuTs nepenavy TEIJIOTH MPH CBOOOIHOM KOH-
BEKIIMH OT I'OJIOTO BEPTHKAIBHOTO TPpyOompoBoaa auamerpoM d = 120 MM
Y BBICOTOM /1 = 6 M K Bo31yxy. Temnepatypa cteHku T, = 523 K, Temme-
patypa Bozayxa Iy.r =293 K.

Pewenue. lpu onpenemnsromieit Temrieparype Ty, = 293 K cBoiictBa
BO3/yXa: KMHEMAaThdeckas Bs3KOCTh v = 15,06 10°° MZ/C; TEIUIOPOBOI-
HOCcTh A = 0,026 B1/(M-K); uncno Ipannris Pr = 0,703; ko3 dunment 00b-
emuoro pactmmpennst = 1/(T,o,+273)=1/293 K. YUncmna Ipacroda u Pamest



G - gBMAT)  9,81-6°-230
v’ 293-(15,06-107°)*

=7,34-10";

Ra, =Gr  -Pr_ =7,34-10".0,703=5,16-10"

[Ipu 3>THX yCHOBUAX IBMKEHHE BO3AyXa TYpOYyJIEHTHO, U TEII0O0T-
Jlaga orpeaensercs ypapHeHueM (5.28)

Nugor = 0,135(Gr,_ - Pr,)"* =0,135(5,16-10%)"* = 2088,
Otcrona KO3 HUITMESHT TEIIO0TAaYU

Nugrh _ 2088-0,026 ) Br
h 6 T
[ToTeps TemnoTH TPyOOIIPOBOIOM

a:

Q=a-n-d-h(T,-T,,)=9,0-3,14-0,12-6-230 = 4,68 kBr,

T.€., YYaCTOK HarpeTodl BEpTUKAIbHOW TPYOBl B YCIOBHUSX CBOOOIHOMN
KOHBEKITUHU BO3TyXa SBIISIETCS UCTOYHUKOM TEIUTa MOITHOCTHIO 4,68 KBT.
[IpuBeneHHBIE TPUMEPHI MTOKA3BIBAIOT, YTO (DPYHKIMOHATHHBIE 3aBHU-
CUMOCTH MEXJy YHMCIIaMHU TI0J00Us, MOJIyuYeHHbIC B Ja0OPaTOPHBIX YCIIO-
BHSIX, ITO3BOJIIIOT JENIaTh HHXKEHEPHBIE OIICHKH JUIS PEATLHBIX MPOIIECCOB.

5.5. llorpemrHocTH N3MepeHMIt

5.5.1. Tunel u3MepsieMbIX BEJIMYUH U NOTPelIHOCTEel

Paznmuuaror mpsMoe M KocBeHHOEe m3MepeHus. Hanboiree mpocThiM
SIBIISIETCS npsiMoe u3meperue, Ipu KOTOPOM HMCKOMOE 3HAYEHHUE BEIUYU-
HbI HaXOJSIT HEMOCPEICTBEHHO C IMOMOIIBI0 U3MEPHUTEIBHOIO MpUOopa.
Hanpumep, nnuHa usmepsiercs JIMHEHKON, HANPSHKEHUE — BOJIBTMETPOM,
TeMIiepaTypa — TEPMOMETPOM M T.n. Eciau mpsiMble U3MEpeHHs HEBO3-
MOJKHBI, UCIIOJIB3YIOT KOCGeHHble uzmepeHus. B HUX MCKOMOE 3HadyeHue
BEJIMYMHBI HaXOIT HA OCHOBAaHUH M3BECTHOW 3aBHCHMOCTH JTOH BelH-
YUHBI OT JIPYTUX, AOMYCKAIOWUX MpsiMoe u3MepeHue. Hampumep, cpen-
HIOIO TUIOTHOCTh T€JIa MOJKHO U3MEPHUTH IT0 €r0 Macce M T€OMETPHICCKIM
pasmepam.



I/ISMepeHI/IH MOTYyT OBITh BBIMTOJHEHBI KaK OOHOKPATHBIC U MHOI'O-
KpaTtHble. OTHOKPAaTHOE M3MEpPEHHE NTaeT eIWHCTBEHHBIN pe3yibTaT, KO-
TOpI:.IfI IMPUHUMAIOT 3a OKOHYATEJIbHBIN PE3YJIbTAaT U3MEPCHHUA 3HAYCHUA
HACKOMOM BeJMYMHBI. MHOTOKPAaTHOE U3MEPEHUE IPOBOIAT IIyTEM IIOBTO-
peHUs OOHOKPATHBIX M3MEPCHHMH OTHOW M TOW K€ MOCTOSHHOH (hr3mde-
CKOW BENTMYUHBI, OHO TIPUBOAMT K MOIy4YeHHUI0 Habopa aaHHBIX. OKOHYa-
TEJIbHBIN PE3YIbTAaT MHOTOKPATHOI'O M3MCPEHUA, KaK IpaBHUJIO0, HAXOIAT
U3 Habopa JNaHHBIX B BHUJE CPEIHErO apU(METHYECKOTO Pe3ylbTaTOB
BCEX OTACIBHBIX I/I3MCpCHI/II\/'I.

Ddusznyeckue BCJIMYMHBI, BCTPEYAIOMIUECA B OKCIICPUMEHTE, OTHOCAT
K CJIeIyIOIINM OCHOBHBIM THITAM:

® cnyuatiHbie 6eUYUHbI, CBS3aHHBIE CO CIYYalHBIME IPOIECCAMH,
MMO3TOMY PE3YJIbTAT OTACILHOI0 U3MEPCHUSA HE MOXKET 6I>ITI) OJHO3HA4YHO
MPEJICKa3aH 3apaHee, Pe3ysIbTaThl U3MEPEHHI OTBEYAIOT ONPEIS/ICHHBIM
CTaTHCTUYIECKUM 3aKOHOMEPHOCTSIM;

® nOCMOsAHHbLE 8eUYUHbI — ITO (U3NIECKHE TOCTOSHHBIE (CKOPOCTh
CBETa B BaKyyMe, 3apsii SJICKTPOHA, U T.I1.), a TAK)KE HEKOTOPHIC XapaKTe-
PUCTUKHN KOHKPETHOI'O O6’beKTa, Haxoasamerocsa Ipu (1)I/IKCI/IpOBaHHBIX
YCIIOBUSIX;

® usMeHAIOWUecs (nepemMeHHble) 8eiutUHbl 3aKOHOMEPHO MEHSIOTCS
C TCUCHHUEM BPCMCHU BCICACTBUC MPOLECCOB, MPOUCXOAANINX B UCCIIC-
IyeMOM OOBEKTe (3aTyXaHUE aMIUIUTYABI KoJeOaHuii cBOOOIHOTO MasiT-
HUKa, U T.II.); HA0Op Pe3yIbTaTOB OJHOKPATHBIX U3MEPEHHUHA B STOM CITy-
Yac MNPUHIUIIMAJIBHO HEIMMOBTOPUM, TaK KaK BpPEMs HECJb3d IIOBEPHYTH
BCIIATh;

® nHecmabunbLHbIe GeIUYUHbI U3MEHSIOTCS ¢ TeUeHHEM BpeMeHH 0Oe3
KaKuX OBl TO HU OBUIO CTATHCTHYECKHUX 3aKOHOMEPHOCTEH, HeCTa0MITbHAS
BEINYHUHA MOXET 6I)ITI) NnepeBeacHa B paspdaa U3MCHAIOINUXCSA BCJIMYWH,
€CJIM YCTAHOBJICHA 3aKOHOMEPHOCTh 3aBUCHMOCTH €€ OT BPEMEHH.

KonnuecTBeHHONW XapaKTEpUCTUKON HEOIHO3HAYHOCTH pe3yJibTaTa
HU3MCPCHUS SABJIIACTCA MOrPCIIHOCTD. Ee OLICHUBAKOT UCXOOs H3 BCEH HH-
(1)OpMaHI/II/I, HaKOIUIEHHOM IIpyu MOATOTOBKE M BBIIIOJHCHUN H3MepeHI/II>'I.
Oty uHpopManuio 00padaThIBAIOT UII COBMECTHOTO OTpeeNIeH!s] OKOH-
YaTCJIbHOIr0 pe3yJjibTaTa U3MEPCHUA, KOTOpLIﬁ HCJIb3d paClCHHUBATH KaK
«HMCTUHHOE 3HAYECHHE» H3MepseMoi (hM3MUECKOW BETMYMHBI M3-32 HAIIH-
YUl TIOTPETTHOCTH.



[MorpenrHocTs MOXET OBITH BBIPAXKEHA B SIMHUIIAX U3MEPIEMON Be-
JUYYHEL X. B TakoMm ciy4yae oHa 0603Ha4gaeTcs Ax M HOCUT Ha3BaHHE a0-
comomuou noepewnocmu. OIHAKO aOCOMIOTHAS MOTPEIIHOCTh HE OTpa-
JKaeT KauecTBa M3MEPEHH: HanmpuMep, abCOMOTHAs OrPEIHOCTh 1| MM
IIpY U3MEPEHUHU Pa3MEpPOB IOMEIIEHHS CBHICTEIbCTBYET O BHICOKOM Ka-
YeCTBE M3MEPEHHs], Ta JK€ MOTPEIIHOCTh COBEPIICHHO HEenpuemieMa Ipu
WU3MEPEHUH JIHaMeTpa TOHKOH MPOBOJIOKH.

Kputepruem kadecTBa U3MEpEHHS SIBISETCS OTHOIIECHHE aOCONIOT-
HOM IIOrPEITHOCTH K OKOHYATEIbHOMY Pe3yJbTaTy U3MEPEHHUs dx = Ax/x.

Oto Ge3pa3MepHOE OTHOIICHHE OX HA3bIBAIOT OMHOCUMENbHOU NO-
2PEWHOCTbI0 U UCTIOJNB3YIOT KaK B aOCONIOTHOM, TaK M B MPOLEHTHOM
BBIpaXEHUU. BBICOKOI TOYHOCTH M3MEpPEHUS] COOTBETCTBYET MAJIOE 3HA-
YEHHE OTHOCHUTENBHOM MOTPEIIHOCTH.

PaccMOTpuM OCHOBHBIE THITBI TOTPEITHOCTEH.

Ipomaxu unu epybvie noepewinocmy BOSHUKAIOT BCIIEACTBHE HEWC-
MPaBHOCTH W3MEPHUTENBHBIX MPUOOPOB WM OMHMOOK B IKCIEPUMEHTE,
CACIIaHHBIX 110 HEBHUMATCIBHOCTH. JIJ'ISI HUCKIIFOUCHUA ITPOMaxoB COOT-
BETCTBYIOIIME UM PE3YJIbTaThl U3MEPEHHH CJleqyeT OTOpOCHUThb, M TpHU
BO3MO’KHOCTH TIOBTOPUTH SKCIIEPUMEHT B 3TOH 00J1aCTH 3HAYCHUH.

Ilpubopuvie noepewnocmuy — 3T0 CUCTEMAaTHYECKUE TOTPEIIHOCTH,
MIPUCYTCTBYIOLINE B PE3YIbTaTaX U3MEPEHUH, BBIIOIHEHHBIX C IIOMOLIBIO
MO00T0 M3MepuTeNbHOro Tprbopa. IIpnbopHYI0 MOTpenrHOCTh MOYKHO
OIIEHUTH TOJBKO ITyTEM CpPaBHEHHsI IMOKa3aHWH MpuOopa C MOKa3aHUAMHU
JIpyroro, 6onee To4yHOTrO. MIHOTIA pe3yabTaThl CIIEIUATIBHO TPOBEACHHO-
TO CpaBHEHHS MPHUBOJAT B MAcHopTe mprbopa, 0JHAKO Yalle YKa3bIBaIOT
MAaKCHUMAJIbHO BO3MOXXHYIO NOTIPCIIHOCTD JIA HpI/I60pOB JaHHOI'O THUIIA.

MooenvHvie nozpewinocmu CBSI3aHbI ¢ BBIYACICHUSIMH U3MEPSEMbIX
B OKCIIEPUMEHTE BEJIMYHUH IO MOJyYEeHHBIM U3 MOJeIu pabouum Gopmy-
naM. K paspsiny MOAEnbHBIX MOXKET OBITH OTHECEHA MOTPELIHOCTH B3BE-
LIMBAHUS HA PHIYQKHBIX BECAX C HEYUTEHHOM COIIACHO 3aKOHY Apxume-
J1a BBITAIKUBAIOLLEH CUIION BO3ayXa.

Cryuaiinvle nozpewHocmu BOZHUKAIOT BCIIEACTBHE MHOYKECTBA MIPH-
YHH, COBMECTHOE BO3JIEHCTBHE KOTOPHIX Ha KaXKJI0€ OTAEIHHOE HU3Mepe-
HHUC HEBO3MOKHO YUCCTh WJIM 3apaHEC YCTAaHOBUTL. Taxumm npuiIrnHaMu
MOTYT OKa3aThkCs, K IPUMEpPY, HE3HAUUTENIbHbIE KOJIeOaHus TeMIepaTyphl



pa3IUYHBIX JeTalle W y3JI0OB YCTAaHOBKH, CKAYK{ HaIPsOKCHUS, BHOpa-
uu, TypOyJICHTHBIC IBIXKCHHS BO3/yXa, TPEHHE B MEXaHH3MaxX M T.II.
EnuHCTBEHHO BO3MOXHBINH CIIOCOO OOBEKTUBHOTO ydeTa CIydYaiHbBIX IMO-
TPEMIHOCTEN COCTOUT B ONPENEICHUH UX CTATUCTUYECKUX 3aKOHOMEPHO-
CTEH, MPOSIBISIOIUXCS B pE3yJIbTaTaX MHOTOKPATHBIX U3MEPEHUN.

5.5.2. XapaKkTepuCcTUKH CJIYYaiHHOI NOrpelIHOCTH

OCHOBHBIM THIIOM TIOTPEITHOCTEH, M3YYCHUIO KOTOPBIX TOCBSIICHO
MOCTIE/IYIOIEe U3JIOKEHHUE, SIBJISIOTCS CTydaiiHble morpetHocTi. OHM 1moj-
JIAI0TCS CTPOrOMY MATeMAaTUYeCKOMY OITHCAHHWIO, YTO IO3BOJSIET JIeNaTh
BBIBOJIBI O KQYECTBE M3MEPEHHIA, B KOTOPBIX OHU PHCYTCTBYIOT.

CnydvaiiHasi BENWYMHA X TIOJHOCTBIO 3aJIaCTCS MIOMHOCMbIO pac-
npedenenus (cM. puc. 3.4).

Cpeonee 3nauenue X WM3MEPSEMOIl BEMUYMHBI X yKa3bIBaCT LICHTP
pacnpeneseHns, OKOJI0 KOTOPOro TPYHIUPYIOTCS Pe3yJIbTaThl OTASIBHBIX
U3MEPEHUN:

1 n
X=—)x. (5.30)
n -

Jlucnepcuro BBOIAT KaK CpPeIHMUN KBaapaT OTKIOHEHUS OTIEIBHBIX
PE3yIIBTATOB OT CPEIHETO 3HAUYCHUS CITy9YaifHOW BETHIUHBIL:

1 n —_—
0’ =—(x-%) =——(¥-7). (531)
n—lizl n-—1

Koaddumuent n — 1 mosBasgercs, MOCKOIbKY B CBS3U C KOHEUHBIM
KOJIMYECTBOM 3KCIIEPUMEHTOB BBIYMCICHHOE CPEIHEE 3HAUYEHUE X OTJIH-
4aeTcs OT NPEACNIbHOro (I0JIy4aeMoro Mpu n—o0), W TakKas IONpaBKa
JaeT BO3MOXKHOCTD MOJTyYUTh HECMEIICHHYIO OLEHKY JUIsl TUCTIEPCHUH.

Cpeonee keadpamuynoe OMKIOHeHuUe, HA3bIBAEMOE TaKKE CMAH-
dapmHubim, OTIPECTISAIOT KaK KBaJ{PaTHBIH KOPEHb U3 AUCIIEPCHU:

o= li(xl.—ff: L (?—fz). (5.32)

n—l,-=1 n-—1




DTa BeNMYMHA XapaKTepU3yeT pa3dpoc pe3yabTaToOB OTACIHHBIX W3-
MEpEeHUH BOKPYT CpEeIHEero 3HaueHHs, MOJIy4aeMoro Imociie oO0paboTKu
BCEX JaHHBIX MHOTOKpaTHOro m3MepeHus. KoHeyHo, TOUHbIe 3HaYEHUS O
W X SIBISTIOTCS TPEAETbHBIMU BETMYMHAMH, TaK KaK MOTYT OBITh ITOJTy4e-
HBl JIMLIb TOTAA, KOTAA IMOJHOE KOJMYECTBO NPOBEICHHBIX H3MEPEHUH
JOCTaTOYHO BEJHKO, B Mpejelie npu #—oo. [Ipr KoHeYHBIX 7 paBHIIbHEE
UCIIOJIb30BATh TEPMUH 9KCHEPUMEHMANbHASL OYeHKA, KOTOPBI B paBHOMN
Mepe OTHOCHUTCS U K CpeHEMY 3HAUYEHHIO, ¥ K TUCTIEPCHH.

[Ipu 0OpaboTKe AaHHBIX W3MEPEHUII B HAayKe M TEXHUKE OOBIYHO
MPeANoIaraloT HOPMAIBHBIA 3aKOH pacrlpelesieHns] CITydalHbIX MMOrperl-
HocTel m3mepennii. OHO BcerJa MposBIseTcs, KOTAa CyMMapHast TOTperl-
HOCTB €CTh Pe3yJIbTaT HEYYTEeHHOTO COBMECTHOT'O BO3/IEHCTBHSI MHOKECTBA
NPUYUH, KaKAAs U3 KOTOPBIX AeT MAIblli BKIa] B IOIPELIHOCTb.

CootBercTByIOLIee (PYHKIMOHAILHOE BBIpayKEHUE JJIsl pacipesese-
Hus 3amaeT popmyna [aycca (3.22):

y(x) = (5.33)
SN

CBolicTBa HOPMAJIBHO PACIPEACIICHHOMN CIIy4ailHOW BEJTMUMHBI X'

1) xe (—oo; +o0);

2) y(x) ABAsICTCS HENPEPHIBHOM (PyHKIIMEH;

3) HeHTp pacnpeneseHnus CIyYaiilHOW BEIMYUHBI OJJHOBPEMEHHO SIB-
JISI€TCSL UEHTPOM CUMMETPHH;

4) MaJible OTKJIOHCHUsSI BCTPEYAIOTCS Yalle OOJbIINX, APYTUMH CIIO-
BaMH, PEAUTH3YIOTCS C OOJIBINEH BEPOSATHOCTBIO.

BeposiTHOCTE TOTO, 9TO pe3yabTaT U3MEPEHHS MOMAJeT B HHTEPBA
[x1; x2], MOKeT OBITH BEIpaXKEHA TaK:

p(x]§x§x2)=jy(x)dx. (5.34)

Rl



B ckobkax mocie p ykazaHo coOBITHE, JJIsi KOTOPOT'O BEIYKMCIICHA Be-
positHOCTB. [IpH yBeNMYEHHH TPAHHUI] MPOMEKYTKa B 00€ CTOPOHBI 10
OECKOHEYHOCTH MHTETPaj OT (QYHKIMHU PACIpEIeTICHUS

400

T.€. TIOMaJJaHue pe3ybTaTa U3MEPEHUS B JUAIA30H X € (—o0; +00) SBISAETCS
JIOCTOBEPHBIM COOBITHEM.

Ilyctb Ax — MpOM3BONBHOE OTKJIOHEHHE OT CPEJHEN BEIHUYMHBI X .
BBeneMm € — BenmM4UnHY OTHOILICHMS MOJYIIMPHHBI HHTEpBaa AX K Cpe-
HEMY KBaJIpaTUYHOMY OTKJIOHEHHIO G:

g=—. (5.35)

B Tabmn. 5.6 yka3aHna BepoSTHOCTb O.:
a=p ()?—SGS X S)_c+£c). (5.36)

Tabnuma 5.6
HopmMmanbHoe pacnpesienieHue: TOBEpUTEIbHBIC HHTEPBAIIBI
(f -0 x < x+ sc) JUISL JOBEPUTEIHHOM
BEPOSITHOCTH 0, (B TOJIAX €)
o 0,68 0,90 0,95 0,990 0,997 0,999
€ 1,0 1,65 2,0 2,6 3,0 33

(f -e06< x <X+ SG) , T.€. IPUMEPHO KaXXIO€ TPEThE
HM3MEpEHHE NacT Pe3yibTaT 3a IpeJeslaMy 9TOr0 UHTEpBalla. 3a Mpeaena-

MM MHTEpBaJa (E—ZG, X+ 20) okaxkercst 5 % pe3ynbTaToB, a ISl MH-

TepBajia ()_c -30, X + 30) — TOJBKO OJUH U3 TPEXCOT. 3HAUHT, UHTEPBAI



()?—30, X+ 30) SIBJISIETCS] TIOYTH JTOCTOBEPHBIM, TaK KaK IMOJABJISIIOIICE

OOJBLIIMHCTBO OTAEIBHBIX PE3YJIbTaTOB MHOTOKPAaTHOI'O M3MEPEHUS CIy-
YaliHOW BETMYMHBI OKaXKETCS] COCPEIOTOUCHHBIM HMEHHO B HEM.

[Ipun 06paboTke pe3yNbTaTOB IKCHEPUMEHTAa YacTO HCIOIB3YeTCS
«IIPaBUIIO 30», WM MPABUIIO «TPEX CTAHAAPTOB», KOTOPOE OCHOBAHO Ha
YKa3aHHOM CBOMCTBE HOpMasibHOTO pacmpezaeneHus. C ydeToM HpoBe-
JCHHOTO BBIIIIE aHAJIM3a MOXKHO YCTaHOBHUTH HaJIMUUE MPOMaxa B Pe3yiib-
TaTe OTIENBHOTO U3MEPEHUs, a 3HAYUT, OMOPOCUMDb €20, €CIIH PE3yIbTaT
n3MepeHus Oojiee yeM Ha 36 OTIINYAeTCs OT U3MEPEHHOTO CPEJHErO 3Ha-
YEHUS CIIyYallHON BETUUYHHBIL.

B TO e Bpems crouT OoJiee TIIATENBHO MOBTOPUTH M3MEPCHUS B
3TOM 00JIacTH MapaMeTpoB — BO3MOXKHO, JAHHBIH Pe3yJIbTaT M3MEpPEeHUs
HE SIBJISIETCS] IPOMAXOM, a CBUIETEIbCTBYET O HAIWYUN HEOOBIYHOTO IIO-
BEACHUS M3Y4aeMOl CHCTEMBI, KOTOPOE HE YKIaIbIBACTCSl B PAMKH CyIlIe-
CTBYIOLIEH MOJIENH, T.€. peub UAET 00 OTKPHITHA HOBOTO KaYeCTBEHHOTO
COCTOSIHUSI (HANPUMED, JIMHUH PE30HAHCHOTO TIOTJIOMICHUS B CIIEKTPE).

5.5.3. Koa¢ppunuent Crhiogenrta

CrnyuaiiHble TOTPEIIHOCTH, KaK yXKe OBUIO OTMEUEHO, TPOSIBISIOTCS
B paz0Opoce pe3yJbTaToB OTAEIHHBIX N3MEPEHUH MOCTOSHHON BEITUYHHBL.
C yBenHueHHEM KOJIMYECTBA U3MEPEHH 71 OLIEHKA 3HAYEHUS BETUYUHBI G
MPAKTUYECKU MEPECTaeT 3aBUCETh OT /1, TO €CTh YMEHBIIAETCS HETOU-
HOCTB IIPH OIIEHWBAHWH TOTPEITHOCTH OTAEIBHOTO u3Mepenus. C poctom
n Takxke crabunusupyercs oueHka x . CiemoBaTenbHO, JOKHA YMEHb-
1IaThCsl MOrPEIIHOCTh OKOHYATENIBHOIO PE3yJIbTaTa MHOTOKPATHOIO H3-
MEpPEeHHs, 332 KOTOPbI MPUHUMAIOT CpEHEe 3HAYCHHUE X.

CBs3b CpC€AHETO KBaJAPATUYHOI'O OTKIIOHCHUSA o OKOHYATCIBHOI'O

pe3yibTaTa (IPYrUMH CIOBaMH, MOTPEIIHOCTH OINPEICIICHUS CPEIHEro
3HAYCHUS) M CPEAHETO KBAIPATUYHOTO OTKIOHCHHS G OTIEIHHOTO M3ME-
pEHHS 3a]1a€T COOTHOIIIEHE



(5.37)

BuaHo, 9TO ¢ yBenMUEHHEM YHCiia H3MEPEHHH MOTrPenrHOCTh OKOH-
YaTeNhHOTO pe3yibrarta yMeHbInaeTcs. OJHAKO TOBBIINIEHHE TOYHOCTH
HUKOTJa He maercs OecruratHO. Tak, 9TOOBI y3HATH JIOIMOJHUTEIHHYIO
uudpy B ¥, T.€. MOBBICUTh TOYHOCTh B 10 pa3, KONMYECTBO M3MEPECHUI
HeoOxonumo yBennuuTh B 100 pa3! Crienyer Takke ydecTb, YTO B KO-
HEYHYI0 NOTPEIIHOCTh BHOCHUT CBOW BKJIaJ MpHOOpHas (cucreMarnye-
CKasl) MOTPELIHOCTh, U C KAKOT0-TO MOMEHTA YBEJIMUEHUE YuCIia U3Mepe-
HHW CTAaHOBHUTCS HED(PPEKTHUBHBIM.

IlycTtb Kak pe3ynbTaThl OTACIHHBIX M3MEpPEHHH X;, TaK W CpegHee
3HA4YEHHE paclpeneieHbl HopManbHO. [lo aHamorum ¢ oT/IenbHBIM H3Me-
peHMeM UIsl OLEHKH MOTPEITHOCTH OKOHYATEIHHOTO pe3ylibTaTa MHOTO-
KpaTHOTO M3MEpEHHs IPUMEM BeIHMUNHY AX, 33/1al0IIyI0 CHMMETPHUIHBIH
OTHOCHTEIFHO MHTEPBAJ 3HAa4eHWH OT —Ax A0 +Ax, Ha3bIBaeMBIA Ooge-
PpUmMenbHbIM UHMEPBATOM.

BeposiTHOCTD HallTH 3HAUEHHE U3MEPSIEMOI BEIUUNHBI B YKa3aHHOM
WHTEpBaje HOCUT Ha3BaHUE 008EePUMENbHOL 8ePOSMHOCMU O

a=p (f—acﬁ x < f+80). (5.38)

HJ’IH Hero B Ta0m. 5.6 MNPUBCACHBI JOBEPUTCIIbHBIC BEPOATHOCTU AJIA
AOBCPUTCIBHBIX HHTCPBAJIOB, Pa3sMEpbl KOTOPBLIX BBIPAKCHBI B OOJIAX
Cp€AHETO KBAAPATUYHOI'O OTKIIOHCHU:

g=—. (5.39)
O ra6n
Ecmu monsitue JOBECPUTECIIPHOTO HWHTECpBajla HCIIOJIb30BaTh IIPUME-
HUTCJIBHO K OTACIBHOMY HU3MCPCHHIO, TO MOM Orasy CIACAYCT IMOHHUMATH
CPEOHEC KBAPATUYHOE OTKIIOHCHHUE G PE3yJIbTaTa 3TOr0 OTACIBHOTO U3-
MCpPCHUSI. Ecmm ke otHecTn I[OBCpHTCJ'ILHBIfI HHTEPBAJI K MHOTOKPATHOMY
HU3MEPECHUIO, TO ITOI Orapn HEOOXO0IMMO nmoapasyMeBaThb CpeaHEC KBaapa-

TUYHOE OTKJIOHEHHE OKOHYATENBHOTO pe3ylbTaTa X MHOTOKPAaTHOTO



u3MepeHus, T.e. 6. C MOMOIIbIO yKa3aHHON TaOIHMIbI CIydallHyo IO-

TPE€IIHOCTE OKOHYATECJIBHOI'O PE3YyJIbTaTa MOKHO HaﬁTH, BOCITIOJIB30BaB-
IIHCHh 3alIUChIO

c
(Ax) =£—=¢€:G. , (540)
ciIy4 \/7 x
n
rlie BENUYUHY € OepyT W3 TaONHIbl JUIs 33JaHHOTO 3HAUCHHS IOBEpH-
TEJIbHOU BEPOSITHOCTH.
[Ipu 00paboTKe pe3ysbTaTOB JIA0OPATOPHBIX PA0OT PEKOMEHIYETCS
MIPUMEHSATH JOBEPUTEIBHYIO BEPOATHOCTE 0 = 0,68, M03TOMY HET HY KB
UCIIOJIB30BATh €€ B 3aliCH X T Ax .

B SKCICPHUMCHTC 3HAYCHHUC o_ OLCHHMBAKOT HCXOASA M3 KOHCYHOTO

qyuciia pe3yjabTaTOB OTACIbHBIX I/I3MepeHI/II71, KOJMYECTBO KOTOPBIX 00bIU-

HO He npeBbimaeT 5—10. I103ToMy TOYHOCThL OLIEHMBAaHMS G. HEBENHMKA.

DOTO BHOCHUT JOIOJHHUTEIHHYIO HEOMPEICICHHOCTh B OKOHYATEIHHEIN
pe3ynbTaT MHOTOKpPATHOTO m3MepeHus. YToOBl ee y4ecTs, CleqyeT pac-
MIMPUTHh TPAHMIBI JOBEPUTEIHHOTO WHTEpPBaja, 3aJaHHOTO BBIIIE IS

TOYHO M3BECTHOH BEIMYHHEI Ox. HOHHTHO, YTO MCHBIIEMY KOJIMYCCTBY

OTIENBbHBIX U3MEPEHUH OJDKEH COMOCTaBISTHCA OoJiee IIMPOKHNA JOBe-
putenbHblid nHTEpBaAN. [TosTOMYy Mt (AX)cHyy HEOOXOAMMO MCIONB30BATH
JIpyToe BBIpAKEHUE!

(&), =t(os )0, . (541
e t(a, n) — KO3(DPHUITUEHTHI, 3aBUCSIIIIE OT TIOJTHOTO KOJIMYECTBA H3-

MEpEeHMI n W 3aJJaHHOTO 3HAYCHUs JOBEPUTEILHON BEpOATHOCTH o. Be-
JTUYUHBI t(a, n) HocsT Ha3BaHue Kod(dunrentoB CtrioneHTa. OHU BBI-

YHUCIIEHBI B CTATHCTUKE JUIS PA3IMIHBIX 3HAUYECHUH O U 7 — HX MOXKHO Haii-
] B Tabm1. 5.7.

B tabnuiie 3naueHre K03pdummenTa pactooKeHO Ha TEPECCUCHUN
CTPOKH C KOJIMYECTBOM OTAETHHBIX U3MEPEHHI /1 B CTOJIOIa C BEIOPAHHBIM
3HAUCHUEM JIOBEPUTEIBHON BEpOATHOCTH ¢. V3yuywB TabiuIy, HECIOKHO
3aMETHTh, YTO TPU YBEIHMUEHHH KOJIMYECTBA M3MEPEeHUH K0d()(UIIHEHTHI
MPAaKTUIECKH COBIAAAIOT C WCMOJIH30BAHHBIMH BBIIIE BETMUYMHAMU € JUIS
TOTO K€ 3HAYCHHS TOBEPUTEIHHOM BEPOSITHOCTH 0. DTO SIBIAETCS CIIEACT-



BHUEM IIEPEXOaa OT OLICHOK MMapaMETPOB HOPMAJIBHOI'O PACIIPEACIICHUA K UX
TOYHOMY 3aJaHUIO, YTO PEAIU3YETCA TOJIBKO IIPU OUCHDb OOJIBIIIOM KOJIMYE-
CTBC BBIIIOJTHCHHBIX I/I3MepCHI/II\/'I.

Tabmuua 5.7
t(a, n) JUTSL TOBEPUTEIHHON

BEPOATHOCTH O (7 — KOJTMUYECTBO U3MEPEHUH)

n o
0,68 0,95 0,99 0,999
2 2.0 12,7 63,7 636.6
3 1,4 43 9,9 316
4 13 32 5.8 12,9
5 12 2.8 46 8,6
6 12 2,6 40 6,9
7 1,1 24 3.7 6,0
8 1,1 2.4 35 54
9 11 23 34 5.0
10 11 23 33 48
15 11 2.1 3,0 41
20 1,1 2.1 2.9 3.9
30 1,1 2.0 28 3.7
50 1,1 2.0 2.7 35
100 1,0 2,0 2.6 34

5.5.4. CymmapHasi NOorperHocTh U3MepeHmii

ITomuMoO ciyyaliHOM NOTPEIIHOCTH IIPU HUCIIOJIB30BAHUU B HKCIIEPH-
MEHTE KaKHX-IH0O M3MEPUTENbHBIX MPUOOPOB HEOOXOAWMO YYHUTHIBATH
npubopmyio (cucmemamuueckyio) nozpewinocms. B macmopre mpubopa
MPUHATO YKa3bIBaTh MpeNeN AOMYCTUMOH HMOrpeIHOCTH O, 03HaYaI0mni
MaKCHMaJIbHO BO3MOXKHYIO IOTPEIIHOCTh NMPH PEKOMEHIOBAHHBIX YCIIO-
BHAX paboTel mpubopa. Ecnu 661 mprbopHas morpenHocTs Oblia pacipe-
JieJIeHa 110 HOPMaJbHOMY 3aKOHY, TO U3 TaKOro onpexaesieHus 0 cienoa-
70 Obl, YTO pacrpeneNeHue XapaKTepU3yeTcsl CPpeIHUM KBaIpaTHUYHBIM
9/ 3.

OTKJIOHCHHUEM annG -




JIJis 3IIeKTPOU3MEPHUTEIbHBIX CTPEIOYHBIX MPUOOPOB IMPUHATO yKa-
3BIBATh KAACC MOYHOCMU, 3alIUCHIBAEMEBIN B BUJE YuCia, Hanpumep, 0,05
i 4,0. DTo 4UCIIO JaeT MaKCUMAIBHO BO3MOXKHYIO IMOTPEIIHOCTD MIPH-
00pa, BEIpAKEHHYIO B NpoyeHmax OT HauOOJIbIIeT0 3HAYeHNS BETNYNHBL,
U3MepsieMOH B JaHHOM JMaria3oHe padoTsl mpubopa. Tak, 1 BOIbTMET-
pa, paboTtaromuiero B nuanazode usmepenuit 0-30 B, kimacc Tounoctu 1,0
OTIpeeNsieT, YTO yKa3aHHas IOTPEIIHOCTh TPH MOJOKEHUH CTPEIKH
B mo0OoM Mecte mKkaibl He npesbimaeT 0,3 B. CooTBETCTBEHHO, cpeaHee
KBaJIPATUYHOE OTKJIOHEHHE Oyypys cocTaniseT 0,1 B.

Peanbhas morpenrHoCTs pHOOpa CYIIECTBEHHO 3aBHCUT OT YCIOBHUIl
OKpY’KaloIIel Cpenpl, TNl yCTaHoBIeH npubop. Hampumep, morpemHocTs
ANEKTPOU3MEPHUTENBHBIX MPUOOPOB 3aBHCUT OT TEMIIEPATyPhl TOMEICHHUS
Y OTJINYAETCS OT MACIIOPTHOM MOTPEITHOCTH, KOTOpasi 0OBIYHO PUBOTUTCS
st 20°C. JIpyro¥l MPpUYHHOM MOTPENTHOCTEH MOXKET OBITh 3JIEKTpOMar-
HUTHOE W3JIyYCHHUE JAPYToro J1abopaToOpHOrO OOOpYIOBAHHS, BHUOpAITHSI
yCcTaHOBKHM W T.1. [lpyM TulaHMpOBaHWM SKCHEPUMEHTA JUIS TOBBIIICHUS
TOYHOCTH W3MEPEHHI MOXET BO3HHKHYTHh HEOOXOAMMOCTH B yUET€ ITHX
(hakTopoB.

OOBIYHO IIeHa HAUMEHBIIETO JIeIEHHS IIKaJIbl CTPEIOYHOTO MpHoO-
pa coriacoBaHa ¢ MOTPENIHOCTRI0 camoro npubdopa. Ecnu knace TodHo-
CTH HMCHOJIB3yEMOTr0 MPHOOPa HEU3BECTEH, 38 MOIPEMIHOCTD Gppus BCETIA
NPUHUMAIOT 1OJ06UHY LEHBI €ro HauMEHbIIero AeieHus. [IoHsITHO, YTO
NP CYUTHIBAHUY MOKA3aHUI CO IIKaJIbl HEIEIeCO00pa3HO CTapaThCs OIl-
pEeNeNUTh 0NN JENIEHUs, TaK KaK pe3ybTaT W3MEPEHHS OT ATOTO He CTa-
HET TOYHEe.

[Ipenen mONMyCTHUMONM MOTPENTHOCTH LU(PPOBOTO H3MEPUTEIHHOTO
npuOopa PacCYUTHIBAIOT MO MACHOPTHBIM JaHHBIM, conepkammm (op-
MyJTly JJIsl pacueTra MorpenIHoCTH UMEHHO JaHHoro npubopa. [Ipu otcyT-
CTBUM MACHOPTA 33 OLEHKY IOTPEIIHOCTH Gppus HPHHUMAIOT €IUHHILY
HAaUMEHBIIIETO pa3psaaa MUGPOBOTO HHIUKATOPA.

OKOHYATENBHBIA pe3ylbTaT MHOTOKPATHOTO H3MEPEHUS! COIEPIKHT
B ce0e Kak CilydaiiHylo, TaKk U NpHOOPHYIO (CHCTEMaTHYECKYyI0) MOrpel-



HocTH. ITocKkonbKy ciydaliHasi IOrpeNIHOCTh YMEHBIIAETCS C yBEIMYEHU-
€M KOJMYeCTBA U3MEPEHUH, 1IeTIECO00Pa3HO coenams makoe KOau4ecmseo

usmepenuil, 9To0bl
(Ax) <<, (5.42)
ciyd

T.e. 94TOOBI CIy4aifHOW MOTPEIIHOCTHI0O MOXKHO OBUIO TpeHeOpedh o
CpPaBHEHUIO C MPUOOPHON MOTpemHOCThI0. Ha mpakTwke A0CTaTOYHO,
YTOOBI ciy4aliHas OTPEIHOCTh OblIa B 2—3 pa3a MEHbIle ccTeMaTHye-
ckoil. B nro6om ciydae Hamo cuenars 2—3 u3MepeHus, 9TOObl yOeUThCS
B TOM, YTO CJIy4aiHasl MOIPEIIHOCTh JEHCTBUTEIBHO MaJa.

Ecnu npubopHast 1 ciy4aiiHasi HOTPEITHOCTH OJIHM3KH 110 3HAYEHUIO,
TO CyMMapHasi IOrPEeIIHOCTb

pe= (At ) + (0 ) (5:43)

[MockonbKy cny4aliHYIO0 MOTPEHIHOCTh OOBIYHO OICHUBAIOT C JIOBE-

puTtenbHOM BeposTHOCTHIO 0,68, a O — olleHKa MaKCUMaIbHOM MOTPEIIHO-
CTH mpuOopa, TO MOXKHO CUUTATh, YTO BBIPAKEHUE 3a7aeT JOBEPUTEIIb-
HBIA UHTEPBAJ TaKXKe C BEPOATHOCTHIO, He MeHbIei 0,68.

[Ipu BBINOJIHEHWH OJHOKPATHOI'O M3MEPEHHs OLIEHKON MOTpeIIHo-
CTH pe3yJibTarta CIy>KUT Ax = 0/3, yuuTheIBaroas TOJIBKO NPEAEIbHO J0-
IIyCTUMYIO IPHOOPHYIO IO PELIHOCTb.

5.5.5. IlorpemiHOCTH KOCBEHHbIX H3MEpPEHUMH

Ilyctp uccrnemyemMyio BETHUMHY § OINPEAETSIOT IO pe3ysbTraTam
MPSIMBIX HU3MEPEHMI APYTUX HE3aBUCUMBIX (U3UYCCKUX BCIIMYMH, Ha-
puMep, X, J, z, C KOTOPBIMA OHa CBs3aHa 3apaHee yCTaHOBIEHHBIM
(hyHKIIMOHATEHBIM MaTeMaTHIECKUM COOTHOIIIEHHUEM

s =f(x, v, z). (5.44)

Taxoke U3BECTHBI OKOHYATEJIBHBIE PE3YJIBTAThl MPSIMBIX W3MEPEHUH
X*Ax, y*Ay,ztAz. llpeanonaraercs, 4To BEIUYHHEI X, ), Z ABIA-

IOTCA CJ'Iy‘lafIHBIMPI 1 K HUM IIPUMCHUMO HOPMAJIBHOC PACTIPCACIICHUC.



Torna njst cpegHero 3HaYEHUs

5 = f(m, z)_ (5.45)
s morpemniHocTu

As = \/(fx')z A+ (1) &+ (1) A (5.46)

rae f., f,, ! —4acTHble IPOM3BOAHBIE B TOUKE (X, V, Z) .

CrnenyeT MOMHUTb, YTO MPH HETIOCPEACTBEHHBIX pacueTax B opmy-
JIy HEOOXOJMMO TOJICTABIIATh MOTPETHOCTH Ax, Ay, Az, HAWCHHBIE IS
OJIHOTO U TOTO XK€ 3HAYCHUs HOBepUTEIbHOU BeposTHOCcTH. [lorperm-
HOCTh KOCBEHHOTO HM3MEPEHHs s TakkKe OyIeT COOTBETCTBOBATH 3TOMY
3HAYCHUIO JOBEPUTEIHHOU BEPOATHOCTH. PEKOMEHIyeTCsl MCIIOJIb30BaTh
3Ha4yeHune BeposTHocTH o = 0,68.

CpasHnenne Mexny coboii Benmunn f/Ax, f/Ay, f/Az naet Bo3Mox-

HOCTb BBIACIUTH «KpI/ITI/I“IeCKI/If/i)) (1)aKTOp, npouecc n3MCpPCHUA KOTOPOro
JacT HaMOOJBIINN BKJIaJ B NOr'PCHIHOCTE. ECJ'II/I, HalpuMmep, BCJIMYMHA

f!Ax Oompmre octambHBIX Oosiee 4eM B 2—3 pasa, TO MX BKIJIAJOM B IIO-

x
TPEIIHOCTh As MOXHO IMpeHeOpeub. J[Jisl MOBBIICHHUS] TOYHOCTH H3Mepe-
HUS BEJIMYHMHBI § B TIEPBYIO OYepe/b HAJIO MOBHIIIATH TOYHOCTh U3MEpe-
HUS «KKPUTHYECKOTO» (haKTopa.
st Hamboree pacrpocTpaHeHHBIX 3aBHCHMOCTEH B Ta0. 5.8 mpu-
BeJICHBI ()OPMYJIBI [T PACUETA MOTPEITHOCTH.
Tabnmma 5.8

CBs13b HOFpeLHHOCTCﬁ MIpAMBIX 1 KOCBCHHBIX I/I3MepCHI/II71

Pabouyas 3aBUCHMOCTH DopMyna NOrpenHoCTU

s=A-xtB-y+C-z AS:\/(A'AX)2+(B-Ay)2+(C-AZ)2

§ = Axiayiﬁziy 3s = \/(a-Sx)2 +(B-6y)2 +(Y'52)2
s=Inx As:Ax/x
s=e° ds = Ax

s=A-sing As = A4-cos¢-Ap




B tabnune nmpuHSATH crneayronme 0003HadeHns: A — st aOCOTIOT-
HOH MOTPENTHOCTH, O — ISl OTHOCHTEILHOM TorpemHocTy, A, B, C, a, [,
Y — IOCTOSIHHBIE, X, V, Z, (¢ — PE3YJIbTAThI IPSMBIX U3MEPEHU, § — PE3YJIb-
TaT KOCBEHHOI'O U3MCPCHMU.

OpHOW W3 TUNWYHBIX OIIMOOK IJIAHWPOBAHMSA SKCIEPUMEHTa SIBIIS-
€TCd KOCBCHHOC U3MCPCHUC BCJIMYMUHBLI § 4YC€PE3 PA3HOCTH HU3MCPACMBIX
HampsiMyto BeMuuH A W B, ecnu WX aOCONIOTHBIE 3HAYCHHUS MHOTO
OoJiblile 3HAYEHUS BETUUMHBI § (HalpUMep, IOMCK TONLIMHBI CTEHKH TPY-
OBl Uepe3 U3MepeHne ee BHEUIHETO U BHYTpeHHero paanycos). [Ipu aTom
OrpemrHocTs As OyIeT TOro e MOpSAAKa WM MOXKET Jake IMPeBOCXO-
IUTh 3HAYEHUE MCKOMOM BEJIIMYMHBI §. AHAJOTMYHO — JIeJIEHHE OpYyT Ha
Apyra 6OJ'II)HII/IX BCJINYHUH MWK CTCIICHb C MAJICHBKUM OCHOBaHHUEM U
OopIuM ToKa3aTeneM. Bo Bcex 3THX cirydasx He0OXOAMMO UCKATh allb-
TEpHATHUBHBIE Ty TH.

5.5.6. YueT norpenmrHocTé OKOHYATEIBLHOI0
pe3yjabTaTa u3MepeHus

3aBepuieHHEM 00pa0OTKU AaHHBIX MHOTOKPATHOTO MPSIMOTO H3Me-
PEeHHUS TIPU 3aJ]aHHOW JIOBEPUTEIHFHON BEPOSITHOCTH SIBIISTFOTCS JIBA YHCIIA!
CpeaHee 3HaYeHHWE M3MEPEHHOW BEJMYMHBI U €0 MOrPEIIHOCTH (IOJTy-
UIMpPHHA JOBEpUTENbHOro MHTepBaia). O0a Ynciia ecTh OKOHYATEIbHBIN
pe3yabTaT MHOTOKPATHOI'O M3MEPEHUs, ¥ JOJDKHBI OBITh COBMECTHO 3a-
MUCaHBI B CMAHOapmHou gopme:

X=% £ Ax, (5.47)

KOTOpasi COAEPKHUT TOIBKO 0OcmosepHbie, T.€. HANEKHO HU3MEPEHHbIC
TUQPHI TUX YHCEL.
Ilopsook evinonnenus okpynenus
1. BBIOTHATE MpenBapUTENbHYIO 3alUCh OKOHYATENBHOTO Pe3yiib-
TaTta U3MEPEeHHs B BUJE X =X + AX ¥ BBIHECTH 3a 0OIIyI0 CKOOKY OlMHa-
k

KOBBIE TIOPSIKM CPEIHETO H MOTPEIIHOCTH, T.€. MHOKHTENb Buaa 10 , rae
k — nenoe uucno. Yucna B ckoOKax Iepenucarh B JECATHYHOM BHIE C
HCTIOJNIb30BaHUEM 3aIlSITOH, YOpaB TeM CaMbIM OCTaBLIMECS MOPSIKOBBIC
MHOHTEIH.

2. OKpyrJIITh B CKOOKax YHCIIO, COOTBETCTBYIOIIEE MOTPEITHOCTH:
110 OJHOH 3Havalei (HeHyaeBoi) Hudpel cieBa, eciau 3Ta nudpa Oombie



2, WIK 0 OBYX MEpBbIX HU(P B NPOTHBHOM ciyuae. Ilpu okpyrieHun
WCTIONB3YIOT MPaBHIIO: ecii mudpa, PacloNoKeHHas 32 OCTaBIISIEMOM,
MEHBIIIC 5, TO € IMPOCTO 0TOPACHIBAIOT, MHAYE OCTABJIAEMYIO ITUPPY yBe-
TUYUBAOT Ha eawHMIy. Eciam ke oTOpaceiBaemas mudpa paBHa S5, TO
HaUMEHbIIAs OMIMOKa JIOCTUTAETCS MPU OKPYTJIEHUH IO TIpaBmiy l'aycca
no Oommkaiimero yetHoro uncna. K mpumepy, 4,5 okpyrisor a0 4, B TO
BpeMs Kak 3,5 TakkKe OKpYTIISIOT 10 4.

3. OKkpyriHuTh B CKOOKaX 4YHCIIO, COOTBETCTBYIOIIEE CPEIHEMY 3Ha-
YEHUIO: MOCJICHUMH CIIPaBa OCTABJIIOT IU(PPHI TEX Pa3psioB, KOTOPHIC
COXPaHWIKCH B TIOTPEITHOCTH TIOCJIE €€ OKPYTIICHUS.

OKOHYATENbHO 3aIMUCcaTh X = X = AX C Y4€TOM BBIIIOJTHEHHBIX OKPYT-
neruit. OONIUil MOPSAAOK W SIUHUIEI H3MEPECHHS BETMIMHBI TIPHBOIAT 32
CKOOKaMHM — MMOJIy4eHa CTaHapTHas GopMa 3aIucu.

5.6. MeTpoJsioruyeckoe odecriedyeHne IKCIepuMeHTa

Memponoeusi — 370 Hayka 00 M3MEPEHMSAX, METOAX U CPEACTBax
o0ecrieueHus] UX €AMHCTBA U CHOCO0ax AOCTHKEHHUS TpeOyeMoil TOYHO-
cTu. M3mepenus — MPOIECC HAXOKICHUS KaKOH-ITn00 (pr3mieckoil Bemu-
YUHBI ONIBITHBIM ITyTEM C TOMOIIBIO CIIENUAIBHBIX TEXHUIECKUX CPEICTB.
OTO mpoIlecc CpaBHEHHUs BEIUYMHBI MCKOMOW C M3BECTHON BEIMYUHOM,
MPUHATON 3a eauHUIly (3TaynoH). V3MepeHHs OBIBaIOT CTaTUYECKUMH,
KOrJla u3MepsieMasl BeJIMYNHa HEe U3MEHSAETCS BO BPEMEHM, U AMHAMUYE-
ckuMu. M3MepeHus mozapasfensioT Ha NpsMble M KOcBeHHbIe. [Ipu mps-
MBIX — HCKOMYIO BEIMYUHY YCTaHABIMBAIOT HEIIOCPEACTBEHHO U3 OIIBI-
ToB. Ilpn KOCBEHHBIX — (YHKUMOHAIBHO OT JAPYTMX BEJIMYHH, ONpEIe-
JIIEMBIX TPAMBIMH HM3MEPEHHUSMM (HampuMep, IUIOTHOCTh Tella — 4epes
Maccy ¥ 00beMm).

Paznuyaror aGcomoTHRIE U OTHOCHUTEIbHBIE H3MEpeHUs. AOCOMOT-
HBIE — 3TO IpsIMBIE U3MEPEHUS B €AMHUIAX U3MepsieMoll BenuuuHbl. OT-
HOCHTENbHbIE — U3MEPEHHUS, MPEACTABICHHbIE OTHOIIEHUEM HM3MepseMOn
BEJIMYMHBI K OTHOMMEHHOM BENMYMHE, IPUHUMAEMOH 3a CpaBHUBAEMYIO.

Paznuuarotr Tpu Kinacca M3MepeHH: 0COO0TOYHBIC, BEICOKOTOYHBIC
U TeXHU4YEeCKHe. M3MepeHus sSBISIOTCSI OCHOBHOM COCTABJISIFOIIEH YaCThIO
nmoboro 3xcriepuMenTa. OT UX THIATEIBHOCTH 3aBUCHT Pe3yJIbTaT dKCIe-
pumeHTa. IlosTOMY KaxkIblii HUCCIIENOBATEND JOJDKEH 3HATh 3aKOHOMED-



HOCTH M3MEPSEMBIX MPOIECCOB, YMETh MPABUIBLHO U3MEPSTh U3ydaeMbIe
BEJIMYMHBI, OIIEHUTh TOTPEIIHOCTH TPH M3MEPEHHX, IPAaBUIIBHO, C TPe-
OyeMOil TOUHOCTHIO, BBIYMCIUTH 3HAUCHHS BEJIMYMH M UX NOTPEOHO MU-
HUMAaJIbHOE KOJIMYECTBO, ONPENEIUTh HAIMIYUIINe yCIOBHS H3MEpPEHHIH,
IIPH KOTOPBIX OMMOKN OyIyT HAMMEHBIIIMMHU M TIPOBECTH OOIIWIA aHAITN3
pe3yJIbTaTOB U3MEPEHUIA.

Tounocme usmepeHuli — 3TO CTENEHb MPUOTMHKEHNS W3MEPEHHS K
JIEHCTBUTENBHOMY 3HAUEHHIO H3MEPSAEMON BEITMUNHBI.

Tozcpewnocms usmepenuss — 310 anredpanydeckas pasHOCTb MEXKIY
JeVCTBUTEIHHBIM 3HAYEHHEM U 3HAYCHUEM, TIOTYIECHHBIM MIPH U3MEPEHHH.

[TorpebHOE MUHMMAIBHOE KOJUYECTBO M3MEPEHHUI — 3TO TaKoe KO-
JMYECTBO, KOTOpOe 00ecreynBaeT yCTOHUMBOE CpeiHee 3HAUCHUE H3Me-
psA€MOM BEJIMYMHBI, YAOBJIETBOPSIEMOE 3aJaHHON CTENEHBIO TOYHOCTH.
YToOBl MOBBICUTH TOYHOCTb U JOCTOBEPHOCTH M3MEPEHHH, HEOOXOIUMO
YMEHBIIUTH MOTPEIHOCTb. [IorpenIHoCTH Npu U3MEPEHUSIX BO3HUKAIOT
BCJIE/ICTBUE Psiia IPUYHMH: HECOBEPIIEHCTBA METOOB M CPEJCTB M3MEpe-
HUM; HEJOCTATOYHO TINATENBHOIO IPOBEACHHS OIBITOB; BIMSHHA pa3-
JUYHBIX BHEIIHUX ()aKTOPOB B MPOILECCE OIMBITOB, CYOBbEKTUBHBIX OCO-
OeHHOCTEN IKCTIEpUMEHTATOPa U T.1.

[TorpemHOCTH MOTYT OBITH CHUCTEMAaTHYECKHMMH M CIy4alHBIMHU.
Cucmemamuueckue — 3TO TIOTPEITHOCTH, KOTOPHIE MPHU TOBTOPHBIX OIBI-
TaX OCTAIOTCSI TIOCTOSTHHBIMH, €CITH YHCJICHHBIE 3HAYEHUS WX W3BECTHBI,
X MOXHO Y4Y€CTb BO BpeMs IOBTOPEHUs ONBITOB. Cryuaiitbie — BO3HH-
KaloT YUCTO CIy4aliHO MPH MOBTOPHOM U3MepeHuu. VX Henb3st yuecTsb U
ncKIounTh. OMHAKO MPU MHOTOKPATHBIX MTOBTOPHBIX U3MEPEHHUSIX C T0-
MOILBIO CTATHYECKUX METOJIOB MO>KHO BBIIBUTH M HCKIIIOUHUTb.

CucremaTnyecKue MOrpeIHoCTH JAeNATCS Ha MATh TPYIII:

1. MaCcTpy™MeHTanbHBIE (M3-32 N3HOCA MHCTPYMEHTA, H3-32 HETOYHO-
CTH TPalyMpOBOYHOH IIKAMIbI U T.1.).

2. HenpaBumnbHast yCTaHOBKA CPEJICTB U3MEPEHUIA.

3. BiusiHue BHeNIHEN cpeibl: MAarHUTHBIE U DJIEKTPUUECKUE IO,
BUOpauus, BIXHOCTb U T.1.

4. CyObeKTHBHBIE.

5. Meronnueckue (000CHOBaHHBIC BEIOOPOM METOAA H3MEPCHHS ).

Ot morpewHocTd 1, 2, 3 U 5-i rpynn MOXHO M30aBUTHCS €LIe 10
Hauala U3MEpPEHUH.



Teopust ciydaliHBIX OIIMOOK CYHMTAET, YTO TPU OOJIBIIOM YHCIE
U3MEPEHUH CilydaiHble MOTPELUIHOCTH OAMHAKOBBIC BEJIMYMHBI, HO pas-
HOT'O 3HaKa BCTPEYAIOTCS OJAMHAKOBO YacTO; YTO OOJBIINE MOTPELIHO-
CTH BCTPEUAIOTCA PEKe, YeM MaJble; 9TO MPHU OOJIBIIOM YUCIE U3Mepe-
HUIl MCTUHHOE 3HAYCHHE M3MEPSIEMOM BEIUYMHBI PaBHO cpenHeapud-
METHYECKOMY 3HAUEHHIO BCEX Pe3yJIbTaTOB U3MEPEHHI; UTO MOsSBIEHUE
3TOTO WM HWHOTO pe3yJbTaTa M3MEpEeHUs KakK CIy4alHOTO COOBITHS
ONMCHIBACTCA HOPMAJIbHBIM 3aKOHOM PACIIpElleIeHus], eCIIH KOJIUYEeCTBO
n3Mepenuit 6onpme 30 u yncinom CThIOAEHTA, €CIM KOJIMYECTBO U3Me-
penuit mensiue 30.

OOBIYHO CUMTAIOT, YTO MPHU YKcie u3Mepenuid oosbiie 30 cpenHee
3HAYEeHUE JaHHOW COBOKYIHOCTH HM3MEPEHHUH MpHOIMKaeTcs K €ro Hc-
TUHHOMY 3HAYEHHUIO.

Teopus cydaliHBIX OIIMOOK IMO3BOJISIET PELINTH JIBE 3a1aUH:

® OLICHUTHh TOYHOCTb M HAJEKHOCTh U3MEPEHUH NPHU JaHHOM KOJIH-
4eCTBE 3aMEpPOB;

® OIIpeIEINTh MUHUMAJIBHOE KOJIMYECTBO 3aMEPOB, FapaHTHPYIOIIee
3aJaHHYIO0 TOYHOCTb.

Cpeocmea usmepenuii — 3TO0 COBOKYIHOCTb TEXHHUYECKHX CPENCTB,
WCIOJIB3YyEeMBIX MPHU U3MEPEHUH U MMEIOIUX HOPMUPOBAHHBIE METPOJIO-
THYECKHe XapakTepuCcTUKU. OHH SBISIOTCA HEOTHEMIEMOMN YacThIO JKC-
MEpUMEHTa U JaoT BCIO HeoOxomumyro nmHpopmaruio. K cpeactBam m3-
MEpPEHHI OTHOCAT W3MEpPUTENbHbIE HHCTPYMEHTHI, TPHOOPBI U yCTaHOB-
Kd. M3MepuTenbHbIe cpelicTBa JCAT Ha 00pa3IoBbie M TEXHUYECKHE.

Obpasyogvle SBISIOTCA STaJOHAMM W HpeAHA3HAUYEHB! ATl IPOBEP-
KH TeXHHUYeckuX (pabounx) cpeactB. OHHM He 00s3aTeNbHO TOUHEe pado-
YHX, HO JIOJDKHBI UMETh OOJIBIIYIO CTaOMIBHOCTh M HAJCKHOCTh B BOC-
npousBeneHNH u3MepeHuid. OOpa3moBble CpeACTBa HE HMPUMEHSIOT IS
pabounx U3MEpeHNH.

[To xapakrepy y4acTus B mporiecce M3MEPEHHUs BCE CPEACTBA MOKHO
pas3zienuTh Ha Mephl, U3MEPUTEIbHbIE MPeoOpa3oBaTeNd, H3MEPUTEIbHBIC
NpUOOPBI, U3MEPUTEIIHHBIE CHCTEMBI.

Mepa — cpenCcTBO W3MEPEHUM, NPEJHA3HAYEHHOE AJI1 BOCIPOU3BE-
neHus: (pu3nyeckoil BeNMMUMHBI JAaHHOTO pasMepa. OHHM OBIBalOT OXHO-
3HAYHbIe, MHOTO3HAYHbBIC U HA0OOPHI MEp.



O)IHO?,HaT-IHBIe MEPLI — PpasMEpP IIIUTKHU, KOHACHCATOPbI MOCTOSIHHOM
€MKOCTH U T.n. MHOro3HauHble — KOHJICHCATOP NEPEMEHHOM E€MKOCTH,
MIPOBOJIOYHBINH peoxopa U T.A4. Habopsl cocTosIT U3 OAHO3HAYHBIX MEp.

Hzmepumenvholii npeobpasosamens — 3TO CPEINCTBO U3MEPEHUH,
[IpeJHa3HAaYeHHOEe Ui BbIpAOOTKM CHUIHAjda M3MEPHUTENbHOH HH(popMa-
UK, ynoOHOH aj1st mepeadn oopaboTKU U XpaHeHHs, HO He MoJiAatoLiee-
Csl HETIOCPEACTBEHHO BOCTIPHATHIO HAOIIOACHHUS.

K u3mepurensHeIM peoOpa3oBaTessiM OTHOCAT AaTYUKH (TepMolia-
PBl), TEH30PE3UCTOPBI, YCHIUTENN | Jp.

Hzmepumenvhuviii npubop — cpeICTBO U3MEPEHUN, IIpeJHA3HAUEHHOE
IUIs1 BBIpaOOTKM CUTHANIA U3MEPUTENHHON nHpopManuu B Gopme 10CTyII-
HOM 7151 HENOCPEACTBEHHOTO BOCTIPUATHSL HAOIIOJATEIS.

Ilo cmocoOy oTcuera 3HaYSHUH U3MEPEHUH BEIUIHHBI TPUOOPHI Jie-
JSIT Ha MOKa3bIBalOIIMe U peructpupyromue. [lokaspiBaroniue — Ha aHa-
JoroBele U H(GpoBbIe. Peructpupyroniye — Ha CaMONUIIYIIUE U TeyaT-
Hele. CaMonHIIyIIe BBIAAIOT TpauKu N3MEpEHHId, eYaTHbIe — MOCIIe-
JOBaTENLHOCTD HU(P HA JICHTE.

W3mepuTenbHble TPUOOPHI XapaKTEPU3YIOTCS BETHYMHAMH TOTPeI-
HOCTH, TOYHOCTH, CTAOUITEHOCTH U3MEPCHHIA.

Tloepewnocmy — OIHA U3 BaXKHBIX XapaKTEPUCTHK Ipubopa. Paznu-
Yal0T a0COIIOTHYIO M OTHOCUTEIIbHYIO HOIPELIHOCTb.

AocomotHas: b = J_r(xH —-X, );
OTHOCUTENBHAL: a = i(xn - X, )/xﬂ -100 % ,

rae x, — IMOKa3aHus Mpuoopa (HOMUHAIBHOE 3HAYCHUE M3MEPHUTEIHLHOMN
BEJIMYMHBI); X,— JIEHCTBUTENBHOE 3HAYCHNUE M3MEPSeMOil BEIMYHMHBI, M0-
Jy4eHHoe 0oJiee TOYHBIM METOAOM.

Tounocmb — OCHOBHAsI XapaKTEPUCTHKA MpHOOpa XapaKTepu3yeTcs
CyMMapHOH (OCHOBHOM HOTpeIIHOCThI0). B 3aBucHMMOCTH OT Jomyckae-
MO TIOTPEIIHOCTH TPUOOPHI ACTAT Ha Kiacchl. YacTo Kiacc TOYHOCTH
0003HaYaAIOT JOITyCKaeMOW MOTPENTHOCTRIO B MporeHTax (1-2 u T.1.).

Cmabunvrocms — CBOMCTBO OTYETHOTO YCTPOHCTBa mpubopa obec-
MeYnBaTh TOCTOSHCTBO MOKa3aHUH U 3TOH ke BenuunHbl. CTaOUIBHOCTH
ompeeIsieTcsl Bapyualeil mokasaHui.

CpenctBa u3MepeHnii poBepAroTCa Kaxasle 1-2 roxa.



H3mepumenvho-ungopmayuonnsie cucmemsbl — COBOKYITHOCTb TEX-
HUYECKUX CPEICTB B OJIOYHO-MOIYJIFHOM HCIIOJHEHHH, O0BEJHHEHHBIX
o0muM anropuTMoM (PYHKIIMOHMPOBAHHS, O0JIAAAIOUIMX HOPMHUPOBAH-
HBIMU METPOJIOTUMECKUMH XapaKTEPUCTUKAMU ¥ MpeTHA3HAYCHHBIX IS
HOJTyYeHUS] U3MEPUTETbHON NH(POPMALINK HEIIOCPEICTBEHHO OT 0OBEKTA,
ee npeoOpazoBaHus, epeAayn, XpaHeHus, o0pabOTKK U BbIJaYl B BHIE,
yI00OHOM JIs1 BOCTIPHSTHS OTIEPATOPOM, M BBOJIA B CHCTEMY aBTOMAaTHYE-
CKOTO YTIpaBJICHUSI.

Bonpocs! a1 caMOKOHTPOJISE

1.YT0 Takoe 3KCIEPUMEHT B HCCIIEAOBATEIECKON JCSTEIIHBHOCTH?

2. Kakue stanpl HEOOXOIUMO pean30BaTh IS MIPOBEICHHS JKCIIe-
pumenTa?

3. Kakne skcrieprMeHTHl HaXOOAT YacToe MpHMEHEHHe B 00JacTH
MAaIIMHOCTPOCHUS?

4. Yto Takoe MOWCKOBBIH, JIAOOPATOPHBIN, HATYpPHBIH, IPOCTOH,
CJIO)KHBIH, BEIIECTBEHHBIN, MOJCIBHBIN YKCITIEPUMEHTHI?

5. B 1eM 3axirouaeTcsi IpUHIMIHATBLHOE OTIUYHE OJHO(PAKTOPHOTO
9KCIIEPUMEHTa OT MHOTO(aKTOPHOro?

6. Uto Takoe TEXHOJIOTHYECKHH SKCTICPUMEHT?

7. UTo mOIHKEH BKIIOYATh B ce0sl IJIaH SKCIIEPUMEHTA?

8. KakuM cTaTHCTHYECKUM TPEOOBAHUSIM JIOJKHBI OTBEYATh PE3YyIib-
TaThl 3KCHEPUMEHTAJIbHBIX UCCIIEIOBAHUN?

9. B yem cymHoOCTh IUTaHUPOBaHUsA dKcnepuMenTa? [losicaure pas-
HUILY MEX]Iy aKTHBHBIM M MTACCHUBHBIM 3KCIICPUMEHTOM.

10. Kakue 3agaun penraet Teopus IaHUPOBAaHUS dKCIIEpUMEHTA?

11. Kak BbIOpaTh ypoBHH BapbUpOBaHUs (aKTOPOB?

12. Yto Takoe moJIHBIN (aKTOPHBINA SKCTIEPUMEHT?

13. B ueM cyntHocTh IpoOHOTO (haKTOPHOTO SKCIIEPUMEHTA, U KaKHe
MaTeMaTUYECKre MOJICTU OH MO3BOJISIET UCCIIEIOBATh?

14. Kakyro o0nacTh OMMCHIBAECT YpaBHEHNUE PETPECCUU, TTOTYUECHHOE
C TIOMOIIBI0 APOOHOTO (HaKTOPHOTO SKCIIEPUMEHTA, U B KaKUX T'paHUIaxX
€ro MO>XHO UCIIOJIb30BaTh?

15. Uro Takoe B3amMopeWcTBHE (PAKTOPOB M CKOIBKO MX MOXKET
OBITH B IPOOHOM (paKTOPHOM IKCIIEPUMEHTE?

16. B ueM CyIIHOCTb U LIeJIM CTaHIapPTHU3alKU MaciTada (GakTopoB?



17. Kak cocraBisercs MU KakdMU CBOMCTBaMH 00JiaZaeT MaTpHIia
IIAHUPOBAHUS IPOOHOTO (haKTOPHOTO SKCIIEpUMEHTA?

18.Kakue nporecchl Ha3bIBalOTCS MOAOOHBIMHU, YeM OHU OTJIMYAIOT-
Cs1 OT aHAJIOTUIHBIX TIPOIIECCOB?

19.KakoBo comeprkanue Tpex TeopeM Iomo0ms?

20.Kakoli ¢usndeckuii cMpici umeroT uucia Hetotona, Hyccenbra,
ITexne?

21.Buasl u cTpyKTypa ABUKEHUS TEIUIOHOCUTEN, yucia PeltHonb -
ca, ['pacroga, nux ¢puznveckuii CMBICII.

22 .Kaxo cmeich uncen @pyna, Ditnepa, [Ipanaris?

23. Bunpl 0OrpeiHoCcTe U3MEpEeHU.

24. OueHKa MOTPEIIHOCTe MpU KOHEYHOM YHUClIe U3MEpEeHuH, Ko-
¢ ¢unuent CTpIoEHTA.

25. Onpenenenyre CyMMapHOU OTPEITHOCTH H3MEPEHUI.

26. IlorpenHoCTH KOCBEHHBIX U3MEpPEHU.

27. YTo BKITIOYAET METPOJIOTUIECKOE OOECTIeueHIE IKCIIEPUMEHTA?

28. H3mepuTenbHBIE XapaKTEPUCTUKH MPUOOPOB: TOTPEIIHOCTD,
TOYHOCTh, CTAOMILHOCTD.



6. OOOPMJIEHUE PE3YJIbTATOB HUP

Pe3ynpTaTel Hay4HOrO HMCCIIEZOBAaHHMSA MOTYT OBITH NPEICTABIICHBI
B cieqyromux popmax:

® g yCMHOU: JIEKLUH, JOK/Iabl, COOOLIEHNUS;

® 6 NUCbMEHHOU: CTaThbH, TE3UCHI, pedeparsl, OTYETHI, MOSICHUTEIb-
HBIE 3aIMCKH, 3asBKU Ha 00BEKTHl HHTEJICKTYaJIbHONH COOCTBEHHOCTH.

W3 Bcex BhIIEIEPEYHCICHHBIX (OPM MEPBOCTENICHHOE 3HAYEHHE
HUMEIOT:

® CTaThbH B M3/IaHUSIX, PEKOMEHAIOBAaHHbIX Briciiel aTTecTaunoHHON
komuccuerr (BAK) Munobpuayku P®, 3aperucTpupoBaHHBIX B MEXIY-
HapOIHBIX HayKoMeTpuueckux Oazax manueix Web of Science, Scopus,
Web of Knowledge u ap.;

e cTaThbi B COOPHUKAX HAYYHBIX TPY/OB;

® JIOKJIQJIBI M TE3UCHI, MyOIMKyeMble B COOPHUKAX MaTepHaioB Ha-
YYHO-TEXHHYECKUX KOH(PEPEHIINH Pa3InIHOrO PAHTa;

® 3asBKH Ha MaTCHT WM MOJIE3HYIO MOJCTIb.

6.1. Hayunble cTaTbn

OOBIYHO cmambu TIOCBSIIAIOTCS U3JIOKCHUIO PE3YJIBTATOB TEOPETH-
YECKUX, TEOPETHKO-IKCIIEPUMEHTANBHBIX, JKCIIEPUMEHTAIBHBIX HCCIIe-
JOBaHUW B TOW WM MHOHM 00JIacTH 3HAHWH, HapUMep B 00JIaCTH TEXHH-
YEeCKUX HayK.

AJNTOpPUTM MOJATOTOBKU HAayYHOH CTaTb, KaKk MPaBHIIO, BKIIOYAET B
ce0sl creyromue COCTaBIISIONINE U OCIE0BATENbHOCTD JCHCTBHM:

1) mmdp yHuBepcanpHOR necstuaHoi knaccudukanmu (Y AK);

2) aBTOp WJIM aBTOPHI CTATHH;

3) 3arnaBue CTaTbH;

4) aHHOTALMS CTaThU;

5) BBencHHE;

6) OCHOBHOE CO/ICpKaHHE;

7) 3akmodyeHue (BBIBOBI);

8) cimcok nurepatypsl (OuOIHOrpadUIecKuil CIIICOK).



CrnemyeT OTMETUTh, YTO TAaKOW aJNTOPUTM NPUEMIIEM H I BCEX
Ipyrux crnocoboB ohopmileHHsS pPe3yJbTaTOB HAYYHOI'O HCCIICIOBAHUS,
KpOM€ 3asBKH Ha OOBEKT HMHTEJUIEKTYyaJbHOW COOCTBEHHOCTH (IIATEHT,
moJie3Hast MoJiesib). OTIMuMs 3aKI0YarTCs B 00beMe Marepuana u (op-
Max €ro U3JI0KEHHS.

Hlughp ynuBepcanbHOll AecsatiuHoi knaccupukanmu (YVAK) — 310
uaeHtudukarop crathd. [1o 3TOMy mmppy MOXKHO y3HaTh, K Kakoil 00-
JacTH 3HAHUS OTHOCHTCS CTaThs. boiee moapoOHy0 WHPOpPMAaLUIO O
npaBwiax QopmupoBanus YK MOXHO ToNyduTh B Hay4HO-
TeXHUYECKoW OmOIMoTeKe, omupasch Ha ucmnonb3oBanue YK 6/621
«lIpuxnanueie Hayku. TexHonorus. MHxeHepHOE [EI0».

3arnaBue cTaThU JOHKHO TOYHO ONPENENATh €€ COAEp)KaHUE U IO
BO3MOXXHOCTHU OBITH KpaTKuM. B 3arnaBun 0053aTeNbHO JOJKHBI IPUCYT-
CTBOBaTh OJHO-IBAa KJIIOYEBHIX CIOBA, KOTOPHIE ONpEACISIIOT 001acTh, K
KOTOPOM OTHOCUTCS COJEp:KaHMe cTaTbu. IIpumeps! Ha3BaHUM cTaTEN:

o [loBbIIIeHNE TOYHOCTH COOPKH 3yOUaTHIX KOJIEC.

e HoBble CcMa304HO-OXJIAXKAAIOIINE TEXHOJOTHMYECKHE CPENCTBA B
Tporieccax MEeXaHMIeCKOH 00pabOTKH.

e TouHOCTH (DOPMBI IBONBEBEHTHBIX OOKOBBIX MOBEPXHOCTEH 3y0a,
obecrieunBaeMast dJICKTPOIPO3UOHHBIM BhIpe3aHreM Ha ctankax ¢ UITY.

e [loBbiuenue 3gpGeKTUBHOCTH KPYIJIOro HAPYKHOro LIIH(OBaHUS
ITyTEM OCEBOM OCLMIISALMY 3arOTOBOK.

e YrpaBieHue MPOLEecCOM KPYIJIoro Hapy>KHOI'O BPe3HOro HuIH(o-
BaHUsI 110 UHTEHCUBHOCTHU 3BYKOBOT'O M3JTy4EHHUS.

o TexHonoruyeckas 3Q(HEeKTUBHOCTh TOPIIOBOTO MUIH(OBAHUS KOM-
MO3UIIMOHHBIMU MUIH(OBATIBHBIMU KPYTaMHu.

e PacyeT OCTaTOYHBIX HAIIPSHKEHUM B MHOTOCIIOMHBIX IOKPBITHSIX.

Annomayus — 3TO TMPENENbHO KPaTKOE M3JI0KEHHE CYTH pelIaeMbIX
B paMKax CTaThbU 3ajad.

IIpumepsl aHHOTALUN:

e [lpuBeneHbl pe3yabTaThbl HSKCIEPUMEHTAIBHBIX HCCIEIOBaHUH
Ipolecca pa3pe3aHns 3aroTOBOK M3 HEMETANIMYECKHX MATepHalioB all-
Ma3HBIMH OTPE3HBIMH KpyraMu ¢ Hapy>KHOM M BHYTpPEHHEH pexylieH



KPOMKOW C HMCIOJB30BaHHEM THAPO- M ITHEBMOCTAOMIM3UPYIOMIUX yCT-
POWCTB, a Tak)Ke MACCUBHON KOHTAKTHOM CTaOMIIN3aIlNN.

e PaccMOTpeHBl OCHOBHBIE 3aKOHOMEPHOCTH HPOLIECCa CTPYKKO00-
pa3oBaHMs MPU PE3aHUHM METAJLIOB W, B YaCTHOCTH, BJIHSHUE YyCIOBHMA
pe3aHus Ha THIT CTPYKKH.

e JIJisi IpakTUYECKOUN pealv3aluuy MPejIoKEeHbl Ba 3allaTeHTOBAaH-
HBIX TEXHOJIOTHYECKHX IpPHEeMa JJICKTPOIPO3UOHHOW 00pabOTKH CIOXK-
HOMPO(HUIBHBIX U3ICIUI TOBBIIIEHHOW TOYHOCTH IMPOBOJIOYHBIM JIIEK-
TPOIOM-UHCTPYMEHTOM Ha BBIPE3HBIX cTaHKax ¢ UITY.

Beeoenue N0MKHO BKITFOYATH B CEO0S:

a) aKTyaJIbHOCTH MTPOOJIEMBI (YeM WHTEPECHA; 3HAYCHUE JJI1 HapO/I-
HOTO XO3sIICTBA);

6) 0030p COBPEMEHHOTO COCTOSHUS MPOOIEMBI (Y4TO YK€ N3BECTHO H
YTO TPEACTOUT PEIIUTH);

B) MOCTAaHOBKA 3a/Ja4d MCCIICJOBAHUS M IICJIU ITyOJUKYeMOH Hayd-
Hol ctaTtbu. Eciiu C0OXHO OOBSCHHUTH BCE HCXOAHBIC MaTepUallbl, TO Je-
JIAIOTCS CCHUTKH Ha paHee OMyOIMKOBaHHBIE PaOOTHI.

OcHognoe codepoicatie CTaTbU TOIDKHO BKIIIOYATh HOBBIC PE3YJbTa-
TBI, TIOJIOKEHUS, JIOKAa3aTebCTBA, MOJYYEHHBIE B pe3yjbTaTe HAYYHOTO
uccnenoBanusi. OCHOBHOE COfiepKaHKe, Kak MPaBUIIO, ENAT Ha JIBE YaCTH:

1) MeToamKa 3KCTIEpHMEHTA (€CITM OHA OpUTHHAIIBHAS );

2) pe3yabTaT SKCIepUMEHTa.

B psize ciryqaeB oCHOBHOE conepskaHUe JIENAT Ha TPH YacTH:

1) TeopeTuyeckuil aHanus;

2) SKCIIepUMEHTAIbHBIE JaHHEIE,

3) TEXHUKO-IKOHOMUYecKoe 000CcHOBaHHE d()(HEKTUBHOCTH HCIIOIb-
30BaHUS PE3yJIbTATOB HAYYHOTO WCCIIEOBAHNS.

B ocHOBHOM conepXaHWU TPUBETCTBYETCS HAIMYME PHCYHKOB,
cxeM, TpapuKoB, TAOIHUIL, GOPMYIT U T.II.

3axniouenue — 3TO UTOT HcceOBaHMs. B 3aKkimoueHuN POBOIUTCS
KpaTKUi aHallu3 MTOy9EeHHBIX Pe3yIbTaTOB, CONIOCTABICHNE UX C PE3yIIb-
TaTaMHM JPYTUX aHAJIOTMYHBIX KCCIICIOBAHMM, BBIBOABI O JIOCTHXKCHUH
MOCTaBJICHHOH 11eTH, 3()(hEeKTUBHOCTP MPAKTHYECKOTO HCITOIb30BaHUS.



IIpumepsl 3aKIFOUEHUN K HAYYHBIM CTaThsIM:

e TakuMm 00pazom, MpeIoKEHHAsE METOANKA OLICHKH yCTOMYMBOCTH
PEXMMOB TOUYEHHS, KOT/Ia TUHAMHYECKasl XapaKTepUCTUKA pe3aHus ABJIs-
€TCsl He BIOJHE ONpPEeIEHHOW, HE MPOTHUBOPEUUT U3BECTHBIM METOJIaM
OLIEHKH YCTOHYMBOCTH M MOKET OBITh PEKOMEH/I0BaHa JJISl IPaKTHYECKO-
ro MPUMEHEHUs!.

e Peanuzanus B NPOM3BOJCTBE MPEAJAraéMoro MeToJa OIpenene-
HUSl TOYHOCTH JETalIHd A0 €€ M3TOTOBICHHs OyJeT 3KOHOMHUYECKH OCO-
OEHHO BBITOJHOM NPH MPOU3BOJACTBE MPEUNU3NOHHBIX JETalled U3 J0POro-
CTOSIINX MaTepPHAIIOB, KOT/Ia HEJIOMYCTUM Opak.

Cnucox aumepamypsi (6nbImMorpauuecKuii CIIMCOK) — 3TO CITHCOK
HMCTOYHUKOB, Ha KOTOpBIE OMHpAaics aBTOp CTaThH (KaK COOCTBEHHBIE,
paHHee OmyOJIMKOBAaHHBIE, TaK M MyONHWKAlMd CTOPOHHUX HCCIIEAO0BaTe-
JIeH 10 TeMaTHKe HAYYHOTO FCCIIeIOBaHMS).

6.2. Jlokaaabl ¥ Te3UCHI JOKJIAA0B

AJTOpUTM WJIM IUIaH OOKIAOA COBNAAAET C AJITOPUTMOM IMOATOTOB-
KM HAy4YHOH CTaTby, HO C yUYETOM TOTr'0, YTO NPH JOKJIaJle MaTepuall u3ia-
raercsi He B IIMCbBMEHHOH, a B YCTHOH (popMe, CyIIECTBYIOT HEKOTOpBIE
0COOEHHOCTH.

HeorbemileMOll 4acThiO JAOKIJIAA SIBISIFOTCS JIEMOHCTPALIMOHHBIE
MaTepuanbl (TIaKkaTel, CIAWIBl U Tp.), KOTOPBIE COAEPKaT MaTeMaThnde-
CKHe BBIBOZBI, CXEMBI, pUCYHKH, rpadukn, Tabnuusl u mnp. KauectBeHHo
HOI[FOTOBHCHHBIﬁ PIHJIIOCTpaTI/IBHLIﬁ Mare€puajl — 3TO XOopollasd IIOMOIIb
caMOMy JTOKJIaTIUKy (HEe HyKHO BCTIOMHUHATh, O YEM CIIETyEeT TOBOPHUTH ).

Ilepen BBICTYIJIGHHEM II€TIECO0Opa3HO MPOPETIETHPOBATH JOKIIAT
IIepe/l TOBApHUIAMHU WIIH TIepe]] 3epKajlOM. XOpOIIO CIIETaHHbIA TOKIa] —
3TO MOJIOBHMHA yCIIeXa B MPEICTaBICHNN HAYYHOH paOOThI, HAIpUMeEpP TpH
3alIHUTe BBITYCKHON KBATM(UKAIIMOHHOW PabOTHI.

Jlokiaz, eciy pedb WAET O BBICTYIUIEHHH Ha KOH(EPEHINH, MOXET
OBITH ONMYOJIMKOBAH MOJHOCTHIO MJIM TOJILKO TE3HCHI JIOKIana B COOpHUKE
MarepuanoB KoH(pepeHuuu. CTpyKTypa TE3HCOB MpeArnojiaraeT Te e
IIYHKTBI, YTO U CTPYKTYpa CTaTbU, 3a UCKIIFOUCHHUCM IIYHKTA — aHHOTAIU:.



6.3. Buabl 00beKTOB HHTEJIEKTYAJbHOH COOCTBEHHOCTH

B xadecTBe 00bEKTa MHTEIUIEKTYaIbHOM COOCTBEHHOCTH MOTYT BBI-
CTynarb, HallpuMep, HOBBIA TEXHOJIOTUYECKUH crocod o0paboTKu u3je-
THst, HOBas (yCOBEPIIEHCTBOBAaHHAs1) KOHCTPYKLMUSI KaKOro-IMO0 cpeact-
Ba TEXHOJIOTUYECKOTO OCHAILICHHS.

[lonTBepxaeHreM TpaBa BIAJCHUS OOBEKTOM HHTEIJUIEKTYallbHOU
COOCTBEHHOCTH SIBISIETCS O(UITHANBHBI TOCYIapCTBEHHBIN JOKYMEHT —
MaTeHT, KoTopblid B Poccuu Belnaercss denepanbHbIM UHCTUTYTOM IPO-
MBIIUIEHHOW COOCTBEHHOCTH.

J11 BO3MOXKHOTO TIOJTy9eHUS! TTaTeHTa Ha OOBEKT MHTEIUIEKTYallb-
HOW COOCTBEHHOCTH HEOOXOIMMO MOATOTOBUTH KOMIUIEKT JOKYMEHTOB,
OJTHUM U3 KOTOPBIX SIBISIETCS 3asA6KA HA uzoOpemenue (HOBOTO crocoba
WJIH yCTPOWCTBA) UIIH HA HOLE3HYI0 MOOEb.

B kauecmee usobpemenus oxpausemcsi TEXHHYECKOE peEIICHUE B
mo0o# 00acTH, OTHOCSIIEECS K MPOAYKTY (B YaCTHOCTH, yCTPOWCTRBY,
BCIICCTBY, ITaMMy MHKPOOpPraHmuiMa, KYyJbTYpE KIIETOK paCTeHI/Iﬁ 50050
KUBOTHBIX) HMJIM CIIOCO0Y (TIporieccy OCYILIeCTBIEHHS NEHCTBUI Haj Ma-
TePUATBHBIM OOBEKTOM C TIOMOIIBI0 MaTEpHANBHBIX CpencTB). M300pe-
TEHHIO TPEJIOCTABIISIETCS MPABOBasi OXpaHa, €CIH OHO SIBJSIETCS HOBBIM,
MMEET N300peTaTeNbCKUi YPOBEHD U MPOMBIIIJICHHO IPUMEHIMO.

Oxpana nU300peTeHUI OCYIIECTBIIICTCS B COOTBETCTBUU ¢ llaTteHTt-
HBIM 3aK0HOM Poccuiickoit @eneparmu ot 23 centsiops 1992 r. Ne 3517-1.

B kauecmee nonesnotl modenu oxpausemcs TEXHUYECKOE pEIIeHNE,
oTHOcseecd K ycTpoicTBy. Ilosne3Has Mojenb MpU3HAETCS COOTBETCT-
BYIOIIIEH yCJIOBUSIM IMATEHTOCIIOCOOHOCTH, €CIIM OHA SIBIISIETCS HOBOW U
IIPOMBIIUIEHHO IIPUMEHUMOM.

B xauecmee npomvrunennoco obpazya oxpamnsiemcs XyJqOKeCTBEH-
HO-KOHCTPYKTOPCKOE peIlleHHe H3AeIHs MPOMBIIIICHHOIO WM KycTap-
HO-PEMECIICHHOTO MPOM3BOJCTBA, ONpEACISIONIee €ro BHEUIHUN BHI.
[TpomblIeHHOMY 00pas3ily MpenoCTaBIseTCs MPaBoBasi OXpaHa, eCIi OH
SABJIAC€TCA HOBBIM M OpUIMHAJIbHBIM. K CYHICCTBECHHBIM IIPpU3HAKaM IIPO-
MBILIIICHHOTO 00pa3na OTHOCATCS MPHU3HAKH, ONPENeNsIoNnIfe dCTeTu4e-
ckue u (WJIM) S)PTOHOMHYECKUE OCOOCHHOCTH BHEIIIHETO BHJIA M3/CIHSI, B
YacTHOCTH (opMa, KOH(UTYpaLHsi, OPHAMEHT M COYETaHUE [[BETOB.



OTHOIIeHNS, KacaloIIUecs] HWCIONBb30BAHUS MOBAPHLIX 3HAKOS HA
tepputopun Poccuiickort @enepanuu, peryaupyiorcs 3akoHoMm Poccuii-
ckoit deneparun ot 23 centadps 1992 r. No 3520-1 «O ToBapHBIX 3Ha-
Kax, 3HaKax OOCITyXMBaHUS M HANMEHOBAHHSIX MECT MPOHMCXOXKICHUS
ToBapoB». Hactodmmm 3aKOHOM pEryJIHpYyIOTCS OTHOIIEHHS, BO3HH-
KalolllUe B CBS3M C IPABOBOM OXPaHOM M HCHOJb30BAHWEM TOBAPHBIX
3HAKOB, 3HAKOB OOCITy>)KMBaHHS U HAMMEHOBAaHMH MECT MPOUCXOKICHUS
TOBApOB. T06apHblll 3HAK U 3HAK 0OCIYHCUBaHUA — 0003HAUCHNUS, CITyXKa-
mye Ui MHAWBUAYAN3ald TOBAPOB, BHIMOIHAEMBIX paboT WIH OKa3bl-
BaeMBbIX YCIYT.

B xauecmee moeapHuix 31ax08 MOTYT OBITh 3apETHCTPUPOBAHBI CIIO-
BECHBIC, W300pa3uTelIbHbIC, 00BEMHBIC U JAPYrue 00O3HAUCHUS WU UX
KOMOWHAIWH.

C 1991 r. B PO peructpupyrorcsi KOMIBIOTEpHBIE IPOTpaMMBbI U Oa-
36l gaHHbBIX. [Ipu aTOM moa mporpammoii it 9BM kak 00BeKTOM aBTOp-
CKOTO TIpaBa MOHUMaeTcs 0ObEKTHBHAsL (opMa MpeACcTaBICHUS COBOKYII-
HOCTH JaHHBIX W KOMaHJ, NMpeIHa3sHaYeHHBIX A (YHKUHOHUPOBAHUS
OBM u 1pyrux KOMIBIOTEPHBIX YCTPOMCTB C LIENBIO MOJIy4YEHUS ONpese-
JIEHHOTO pe3yJbTaTa, BKJIOYas MOATOTOBUTEIbHBIE MaTepHalbl, IMOJY-
YEeHHBIE B XO0JIe pa3padOTKU MPOrpaMMBbl, U IOPOXKIaeMbIe €0 ayAnOBH-
3yaJIbHBIE OTOOPaXKEHHS.

ITon 6a30if JaHHBIX IPUHATO MOHUMATh OOBEKTUBHYIO (OPMY Mpen-
CTaBJICHUSl U OPTaHM3ALMM COBOKYIHOCTH NaHHBIX (CTaTel, pacyeToB M
TaK Jajnee), CUCTEMaTU3UPOBAHHBIX TAKMM 00pa3oM, YTOOBI 3TH JaHHBIE
MorM OBITh HalZEHBl U 00pab0TaHBI C MOMOIIBIO KOMIIBIOTEPA.

6.4. IlpoBeeHue NATEHTHBIX HCCJIEI0BAHUM

IlaTeHTHBIE HMCCIEOOBAaHUS IPOBOASTCS B COOTBETCTBUHU C NEHUCT-
BytorMm ['OCT P 15.011-96. «Ilarentrbie uccnenopanus. Conepxanne
1 HOPSIOK IPOBEICHUSN», COINIACHO KOTOPOMY IIOZ NMAaTEHTHBIMH HCCIIE-
JNOBAaHUSMHU ITOHUMAIOTCS HCCIICAOBAaHMS TEXHUYECKOTO YPOBHS M TEH-
JNEHLUH pa3BUTUS OOBEKTOB TEXHUKH, UX HATEHTOCIIOCOOHOCTH W Ta-
TEHTHOM YUCTOTHI HA OCHOBE NATEHTHOW U JIPYroil Hay4YHO-TEXHUYECKON
nHpopmaruu. MHbIMH cllOBaMu, Ipexzae 4eM O(QOPMUTH 3aiBKYy Ha H30-



OpereHre, aBTOp MAOJDKEH BBIACHWUTH, MPOBens 0030p HAyYHO-TEXHH-
YeCKOU JINTEPaTyphl, TATEHTOB U T.J., HE MPEUIOKII JIN KTO-HUOYAb 10
HETo MOI00HOE pellIeHue.

[Ipu BBITONHEHNH HAYYHO-HCCIENOBATENBCKUX pPadOT TMATEHTHBIE
UCCIIEIOBaHUSl TPOBOMASATCS MCIONHUTEISIMH Pa0OT TpU  HAy4HO-
METOJUYECKOM pYKOBOJCTBE MATEHTHOTO MOJpa3feNeHuss HaydHo-
HCCIEN0BATEIbCKON OpraHu3auu.

Pabomwsr no namenmusvim uccredosanusm npogoosm 6 maxou no-
C1e008amenbHOCU:

® pa3pabaTbIBAIOT PETJIAMEHT MTOKCKA; BEAYT MMOMCK M OTOMPAIOT ma-
TEHTHYIO U IPYTYIO HAyYHO-TEXHUYECKYIO JOKYMEHTAIHIO;

® CHCTEMATH3HUPYIOT ¥ MPOBOIAT aHAJIN3 OTOOPAHHOM JOKYyMEHTAIINH;

® 0000IIAI0T PE3yIBTATHI M COCTABIISIOT OTUET.

Peznamenm noucka nmpegycMaTpuBaeT: ompesesieHHe mpeaMeTa mo-
rCcKa (OOBEKT B IIEJIOM, €r0 COCTAaBHBIC YACTH I YJIEMEHTHI); OIpeaee-
HHUe cTpaH ((hupM) noucka HHPOPMAIMH; ONpee]IeHue BUI0B HHPOpMa-
UOHHBIX MCTOYHUKOB; KIACCU(PHUKALUIO MPEAMETOB MOUCKA; OTpejiere-
HUE HEOOXOIUMON PETPOCIIEKTUBHOCTH (TTTyOHHBI) TIOUCKA 110 CTPaHaM U
UCTOYHUKAM WH(POPMAIIUK; YCTAHOBJICHNUE MECTOHAXOXKIICHHS OCHOBHBIX
WCTOYHHUKOB MH(OPMAIUH; OMPEIeIeHNE METOI0B TIOMCKA.

Memoowr noucka AOKyMEHTALMU ONPEAEISIIOTCS MATEHTHBIM IOA-
paszzeneHlueM opraHu3alyH.

BrisiBieHHbIE B Ipollecce MOUCKA JOKYMEHTHI BHOCST B CIPaBKY O
MOKCKE, COJICPIKAHUE KOTOPOH MPEJCTABIISAET COOOW MCXOAHBIN MaTepual
IUTSL IpOBeNieHNsT anaauza. [1o pe3ynbraTaM aHaiu3a OTOOPaHHBIX JOKY-
MEHTOB COCTaBISIIOT OMYém O NAMEHMHbIX UCCLe008aHUsAX, KOTOPBIA
SBJISICTCS. OJHOBPEMEHHO PabOYMM W OTYETHBIM JOKYMEHTOM O MpPOBE-
JEHHBIX UCCIIEIOBAHUSX.

[IpoBenenue opranu3auysMu U IPEeIIPUATUAMEI NTaTEHTHBIX UCCIIe-
JOBaHUW B 3HAYUTEIBHOW Mepe yIpouiaeT U o0JierdaeT BBISIBICHHE U30-
Operenuii B pazpaboTkax. B wacTHOCTH, pazaen BTOpoil oTuéTa 0 maTeHT-
HBIX HMCCIEIOBAaHHUAX, COCTABIISIEMBI Ha BCEX ATalax HCCICAOBaHUN U
XapaKTepU3YIOINH TEXHUUECKUH YPOBEHb, COACPKUT UH(POpMAaIHIO, He-



00X0oauMyt0 111 000CHOBAHMS M300PETAaTENHCKOTO YPOBHA TEXHUYECKO-
T'O pelIeHHs], 3asBISIEMOT0 B KaUeCTBe U300PETCHUSI.

BeBox 0 ToM, 00nagaeT mu pa3paboTaHHOE TEXHHYECKOE PEeIIeHHe
MPEUMYIIECTBAMH TePEe]] U3BECTHBIMH, BBITEKAET M3 COMOCTABIICHUS Ka-
YEeCTBEHHBIX TIOKa3zaTeliell pa3paldOTKH € XapaKTePUCTUKAMH JTyUIIHX
OTEYECTBCHHBIX W 3apyOEKHBIX MPOMBIILIEHHO OCBOCHHBIX 00pa3loB
TEXHUKH 1 0a30BOT0 O0BEKTa B OTYETE O TATEHTHBIX UCCIICAOBAHMUSX.

[Tpu mpakTHYeCKOM BBISIBIICHUH W300pETEHHUI B Pa3paldOTKe CliemyeT
yOemuThCS B HATMYMH HPEHMYLIECTB, 00€CIeYNBaEMbIX pa3paboTaHHBIM
TEXHHYECKUM pEIICHHEM, 110 CPaBHEHHIO C JOCTUTHYTHIM YPOBHEM U
TOJIBKO I10CJIE ITOr0 0hOpMIIATH 3asIBKY Ha MPEIoIaraeMoe n300peTeHue.

IIpogedénnvle namenmusie UCCIEO08AHUS OOIHCHYL:

1) oTpakaTb M3Y4YEHHYIO 3asBHTEIEM MATEHTHYIO JOKYMEHTAIHIO
(oTeuecTBEHHBIE M 3apyOE)KHBIE aBTOPCKHE CBUAETENILCTBA, MATEHTHI M
T.I1.), HAYYHO-TEXHUYIECKYIO JIUTEPaTypy, HMEIOIYIO PSMOE OTHOIICHUE
K 3as1BJICHHOMY OOBEKTY;

2) onpenensaTh BEIOpaHHBIN 3asBUTEIIEM MPOTOTHUII H300PETEHHUS;

3) oTpaxath pe3yJIbTaThl COMOCTABICHHUS IPOTOTUIIA U 3aSBJICHHOTO
00BEKTa M0 €ro CYIIECTBEHHBIM NMPH3HAKaM M CO3/1aBaeMOMY IIOJIOKH-
TeILHOMY 3 QEKTy;

4) xapaKTepHu30BaTh CYyLIHOCTb H300pETEeHUSI.

6.5. OdopmiieHue 3asiBKH
Ha mpenoJiaraeMoe usooperenue

EnnHOrOo MUpPOBOTO CTaHAApPTa HA cocmasienue Onucanus uzoope-
meHus. He CyIecTByeT. B Halell ctpane peKOMEeHyeTCsl cedyiowas no-
C1e008aMmMenbHOCHb:

® Ha3BaHHUE U300pETEHYS,

® 00JIaCTh TEXHUKH, K KOTOPOH OTHOCHUTCS N300pPETCHHUE;

® IPEUMYIIECTBEHHAsI 00J1aCTh UCTIOIh30BAHNS;

® XapaKTePUCTHKH aHAJIOTOB;

® XapaKTepUCTHKA MMPOTOTHIIA;

® HEJIOCTATKH MPOTOTHIIA;

® [1eJ1b, JIOCTUTaeMast H300peTeHHEM;



® CYIIHOCTb U300PETEHHUS, €r0 OTIIMYHE OT MPOTOTHUIIA;

® IpUMeEPbl KOHKPETHOT'O BBITIOIHEHHS;

® TIpe/IToJIaracMbIi ITOJIE3HBIA dY(DPEKT;

¢ opmyra U300peTeHHUS.

[Ipu cocraBnenun 3asBKM 0c0O00€ BHUMaHHUE CIieyeT YACIIATh (op-
MyJie M300peTeHHs], TaK KaKk UIMEHHO OHa ONpeaessieT HOBU3HY H300peTe-
HUS U €r0 CYITHOCTb.

Hauunast cocraBisate Qopmyny uzoOpereHHs, cieqyeT HOMHHTS,
YTO Ha3BaHUE M300PETEHUS JOJKHO JIOCIOBHO COBMAIATh C HAUYAIbHBIMU
cnoBamu Qopmynsl n3o0pereHus. Hampumep, HazBaHHe H300pETEHUS
«Cnocob TepMuueckoil 06paboTKu AeTanell U3 BBICOKONPOUYHBIX KOPPO-
3MOHHOCTOWKUX cTalei», GopMyna n3o0peTeHHs IOKHA HAauWHAETCS
TakK XKe.

Bea opmyna uzobpemenus cocmoum uz mpéx uacmei, Kax npasu-
710, 00PA3YIOUWUX 0OHO NPEONOIICEHUE.

Yacme nepsas Hazvleaemcss OOOMAUYUMENbHOU, T.€. TPEAIIECT-
BYIOILIEH CIIOBY «oTiHYarouiics» B Gpopmyiie usodperenus. B Heit usna-
raercs TO, YTO ObLIO W3BECTHO 10 OIMCHIBAEMOI0 H300peTeHus, T.€. PUK-
CHPYIOTCS TJIAaBHBIE YEPTHI MPOTOTHIIA (M3BECTHOTO TEXHUYECKOTO perie-
HUSl, HanOoJee OJIM3KOTo K HAalIGHHOMY HOBOMY PEIIEHHIO).

Yacme 6mopas, HEyKOCHUTEIIEHO HAYWHAIOMIASACA CIIOBAMH «OTIIH-
yalomieecss TeM, 4TO C IeINbI0...», (OpMyIHpyeT Lenb, JTOCTHTaeMYIO
MIpUMEHEHUEM N300peTEHU.

B mpemveti yacmu ¢popmynsl KpaTKO OMUCHIBAETCS TO, YTO OTIHYA-
€T ONMHUCHIBAEMOE M300pEeTeHHe OT MPOTOTHIA, T.€. C TOMOIIBI0 KaKoro
TEXHHYECKOTO HOBIIIECTBA IOCTUTAETCS CHOPMYIHPOBAHHAS BO BTOPOWM
YaCTH IEJb.

Ilpumep 6.1. I'ernepatop 11 Ta3udUKAIIIN CKIKEHHOTO TIPHUPOTHO-
T0 Ta3a U MOoAaYd ra3000pa3HOTo MPOIyKTa MOTPEOUTENIO, COEPKAIINN
[0 MEHBIICH Mepe JBa COSAMHEHHBIX MEXIY cO00H razudukaropa BbICO-
KOTO JaBJICHHUS, MOJIOCTH KOTOPBIX COEIMHEHBI C YCTPOHCTBAaMH OTBOJA
ra3000pa3HOro MPOAYKTa M MOJBOAA K MaruCTpajsaM IMOAa4yH razoodpas-
HOT'O MPOAYKTAa TOTPEOUTEIIO, OMAUYarowulicss TeM, 9TO KaKIBIH Ta3u-
¢dukaTop cHaOXEeH HArpeBaTeIbHBIM DJIEMEHTOM M MOJKIIOUYEHHBIM K He-



My 3aJaTYMKOM JIaBJICHUS, PaOOTAIOIIUM B COOTBETCTBHU C 3aBHCHUMO-
CTBIO JIABJICHUS TIPUPOJIHOTO ra3a B 3aMKHYTOM 00BbEME OT TeMITEPaTyphl
Y CTETICHH 3aT0IHEHHS Ta3u(uKaTopa CXKMKCHHBIM TIPUPOTHBIM Ta3oM f3.

[IpuBenénnas B mpumepe hopMyiia H300peTeHNs OAHO3BEHHAs. bbI-
BalOT U MHOTO3BEHHbIE (POPMYIIBI, B KOTOPBIX OTIAECIBHBIMH ITyHKTaMH
OTOBapHBaIOTCS pPa3IMYHbIE KOHCTPYKTHBHBIC HWCIIONHEHHS TOTO WIIH
HHOT'O y3Ja.

ITpu cocraBnenun GHopMynbl H300pETEeHNST PEKOMEHAYETCSl OTINYH-
TeJIbHBIC TPHU3HAKK HW300PETEHHS XapaKTepHU30BaTh HanOoiiee OOITMMH
MOHATHSMH, B IPOTUBHOM CJIydae NPHU YKa3aHUM KOHKPETHOIO MOHITHS
(ucTioHEHNs) aBTOp HE MMEET MPABO MPETEH0BATH HA BCEOOBEMITIONIY IO
HOBH3HY. Hampumep, ecim yka3aH MaTepuall «Hep)KaBeroliasi CTalby, TO
9TO Cpa3y OrpaHMYHMBAET HOBM3HY, TaK KakK APYrod aBTOP MOXKET Mpel-
JIOKUTH B KaU€CTBE KOHCTPYKLIMOHHOTO MaTepualla UCIOIb30BaTh KaKOii-
aubo crutaB. B aToM ciydae nenecooOpasHell ykaszaTh, 4TO YCTPOHCTBO
WK y3eJl BBIIIOJHEH W3 MaTepHaja, COAEepiKallero onpeaesiéHHOe KOJH-
YECTBO yIIepoaa.

3anska na evi0ayy nameHma OONCHA GKAIOYAMb CAeOyOuUe 0OKY-
MeHmubl:

® 3a5{BJICHHE O BbIJJaue aBTOPCKOI'O CBUIETENbCTBA UM ATEHTA;

e omMcaHue n300peTeHns ¢ GopMyIoi N300PETeHNS;

® YEPTEXkKH, CXEMBbI, aKT UCIBITAHUN U APYTHe MaTepualibl, HIUIIOCT-
pUpyoLIe npeanojaraeMoe U300peTeHrne, eClii OHU HEOOXOAUMBI s
0oJiee MOTHOTO PACKPBITHS CYIIHOCTH U 3HAYUTEILHOCTH U300PETCHUS;

® CIIPaBKYy O TBOPYECKOM YYaCTHU KaXKJOTO M3 COaBTOPOB B CO3/a-
HUM U300peTeHNs; aHHOTALUIO;

® 3aKJIIOUYEHHE O HOBU3HE TEXHUYECKOr0 pelleHus (BKIIIOYas CBele-
HUS O MPOBEAEHHBIX MAaTEHTHBIX MCCIEAOBAHHAX) C YKAa3aHHEM BO3MOX-
HBIX O0JIacTel ero MpUMEHEHHs B HAPOJHOM XO3SHCTBE W OKUIAEMOTO
TEXHUKO-KOHOMHUYECKOTO HIIH HHOTO 3 (deKTa.

Mamepuanamu, unrocmpupyiowumy u3oopemenue, MOTYT OBITb
YEepTEkKH, CXEMbl, PUCYHKH, QoTorpaduu, rpadyiKi, aKThl HCIBITAHHU.
Kaxnpiii u3 3THX MaTepualioB IOJDKEH YIOBJIETBOPSTH ONPEACIEHHBIM
TpeOOBAHHSIM.



3axnouenue o Ho6u3He NOIKHO OBITH TOATOTOBIEHO KOMIIETEHT-
HBIMH B COOTBETCTBYIOLIMX OONACTSIX TEXHUKU CHELUAINCTAMHU U COIEP-
JKaTh TOJHYIO0 U OOBEKTUBHYIO XapaKTEPHUCTHKY 3asBIIEMOr0 M300peTe-
Hus. OHO JOJDKHO OBITh OCHOBAHO Ha HMCCIIENOBAaHUM IAaTEHTHOW JIOKY-
MEHTAlllY ¥ IPYrol TeXHUIeCcKoil nHpopMaImu.

B cnydyae HeoOXxomumocTu (HanmpuMep, IS OATBepKIeHUS dPdeK-
TUBHOCTH M300peTeHHs) K MaTepraiaM 3asiBKU MPHUIIATAETCS aKm UCHbi-
Manuil 3as61eHH020 U300pemeHusl, 3aBEPEHHbI 1 OJNUCAHHbBIA B yCTa-
HOBJIEHHOM B JIJAHHOM OpraHU3aluy NopsKe.

B akxme sxcnepmu3ol IPUBOAATCSA CBEJEHHS O BOSMOXXHOCTH OTKPBI-
TOW MyOMUKalMU CBeAeHUH 00 n300peTeHHN.

Crenyer Takke CKa3aTb O NMPUCBOCHHH W300pETEHHIO KIdccd CO-
enacno Meosicdynapoonoii namenmnou kiaccuguxayuu MITK-8. Co0ct-
BEHHO KJIACCH()MKALIMOHHbIE PYOPHKH IpPEICTABICHB B BHIIE TOMOB.
PacmmpenHsIil ypoBeHb COCTOUT M3 8 TOMOB, KaXKbI U3 KOTOPBIX COOT-
BeTcTBYET pasaeny MIIK:

A «Y10BIIETBOpEHHUE KU3HEHHBIX OTPEOHOCTEH UeIOBEKay;

B «PaznnuHble TEXHOIOTHYECKHE MTPOLIECCH]; TPAHCTIOPTHPOBAHUEY,;

C «XuMUS; METAJUTYPTHSDY;

D «Tekcrunb; Oymaray;

E «CrpoutenbcTBo; ropHOE JET0»;

F «MexaHuka; ocBelLIeHUE; OTOIUICHHUE; ABUIaTeId U HACOCHI; OpYy-
e U 0OenpuIacel; B3pbIBHbIE Pa0OTH»;

G «Dusukay;

H «2nexTpuuectBo».

3asBKM Ha BbIAUy MaTeHTa nojaioTcs B deaepalibHYIO CIIyKOy 110
WHTEJUICKTYIbHOW COOCTBEHHOCTH, MATCHTaM M TOBapHBIM 3HAKaM
(Pocmarenr).

B PocnatenTe o 3asiBkaM Ha BblJauy MaTeHTa MPOBOISTCS:

a) MpoBepKa COOJNIIOZCHUSI TpeOOBaHUH, MPEIbSBISEMBIX K 3asBKE
(TpemBapuTENbHAS SKCIEPTH3A);

0) npoBepka coOoAeHHs TPEOOBAHUM, NPEABIBISIEMBIX K H300peTe-
HHIO (TOCYZapCTBEHHAs HAyYHO-TEXHHYECKAs SKCIIEPTH3a U300pETEHHH).

o mpuHATON K pacCMOTPEHUIO 3asIBKE 3asIBUTEIIIO BBIAAETCS CIIPaBKa,
3Ha4YeHHe KOTOPOH COCTOUT B TOM, YTO OHA yJOCTOBEPSIET MPHUHSITHE 3asIBKU



1 00s13pIBaeT PociaTeHT BHIHECTH PELICHUE IO €€ CYIIECTBY; [IOMHUMO 3TOTO,
CIpaBKa, KaK MPaBUIIO, YIOCTOBEPSICT ATy IPHOPHUTETA U300PETCHHSI.

locyaapcTBeHHass Hay4yHO-TEXHHUYECKash SKCIEpPTH3a H300pETeHUit
MIPOBOJIUTCS B CPOK, HE MPEBHIMIAOIINA 6 MECSIIEB CO JTHS MOCTYIICHHS
3asBku B PocmateHt. Ilpu 5TOM y 3asBUTENS] MOTYT OBITh 3aITPOIICHBI
AONOJJIHUTCIIbHBIC MAaTepHalibl, YTOYHAIOINHUE CYHIHOCTH I/I306peTCHI/Iﬂ,
ecni 0e3 TaKMX MaTepUalioB JallbHEWIlIee pacCMOTPEHNE HEBO3MOXHO.
Jlns HampaBlieHHWs 3THX MAaTEPHATIOB 3asBHUTENIO MPEIOCTABIIACTCS Me-
CSIYHBINA CPOK.

ITo pesymbTataM paccMOTpEHUS 3asBKH TOCYIapCTBEHHAsh HAy4YHO-
TEXHUYECKAs SKCIEPTH3a W300pETCHUI MPHHUMAET PEIICHHE O BbIJaue
OXPaHHOTO JOKyMeHTa Jin00 00 OTKa3e B ero Bhigade. B pemieHuu o Bbi-
Jladye OXPaHHOTO JOKYMEHTa NMPUBOAATCS (opmyia u3o0peTeHuii U aara
MPUOPUTETA; B PEIICHUU 00 0TKa3¢ — MOTHUBBI OTKa3a.

[Tpu Hecornacuu 3asBUTENS C pelieHHeM 00 OTKa3e B BblJaue Ia-
TEHTa, JIN0O C YCTAaHOBJICHHOW B PEIICHUH O BbIJaue MaTeHTa (hopMyJIOi
nU300peTeHHs, 3aABUTEIL UMEET TIPABO B IBYXMECSIUYHBIH CPOK CO JHS MO-
CTYIUICHUSA PCIICHUSA HUIIN 3ane6OBaHHI)IX KOIUM IMPOTUBOIIOCTABJICHHBIX
MaTepHajoB MOJATh BO3paKEHHE.

[Tpu npuHATHH pElieHus O Bbimave nareHTa PocnateHTt nsgaér onu-
caHre U300peTeHus C IpUBEIeHHEM B HEM (OPMYIIbI H300pETEHHSI U BbI-
JaéT OXpaHHBIA JOKYMEHT.

C anroputMoM (METOIMKOMN) MOJTOTOBKH 3asBKH HA H300peTEHUE
MO>KHO 03HAKOMUTBCS, OMUPAsACh Ha METOJMUECKHE YKA3aHHsI, IPECTaB-
JIEHHBIE B OMOMMorpadymueckoM CHHCKe, WM MHGOPMAIHUI0 Ha caiTe —
www.fips.ru.

BOl'IpOCbI AJIs1 CAMOKOHTPOJIA

1. Kakue ¢opmbl npencraBiaeHus: pe3ysibTaToB HAYYHOTO HCCIIEIO-
BaHUsI BaM M3BECTHBI?

2. Yto oTHOCHTCS K yCTHOU (opme odopMIIeHHS pe3ysibTaTa Hayy-
HOTO HCCIEeI0BaHUs?

3. Uro oTHOCHTCS K MHCHMEHHOH (QopMe OQOpMIICHHUS pe3yibTaTa
Hay4YHOT'O UCCIICTOBAHUS?

4. Uto mommkHa BKIIIOYATh B ce0s1 HAyYHAS CTaThs?



5. Urto Takoe mMdp yHHBEPCAIbHOW JACCATUYHON Kiaccu(UKALUN
(YAK)?

6. Kakue TpeOOBaHHS NPEABSABISIFOTCS K 3ar0JIOBKY CTaThH?

7. Yo Takoe aHHOTAIUA?

8. O uem mommKHA UATH Pedb BO BBEIEHUH K HAYYHOH cTaThe?

9. Uro mOMmKHO BKIIOYATH B ce0s OCHOBHOE COJEpKaHWE HAyYHOU
craTeu?

10. Yro Takoe 3aKiIr0OueHHE CTATbHU MM MOHOTPa(UU U KaKOBBI €TO
cocrapJstomue?

11. Kakve MCTOYHHUKH BKJIIOYAIOTCS B CHHCOK JUTEPATYyphl K Hayd-
HOM cTaTbe?

12. Yto BKIIIOYAET B ceOs IUIaH HAYYHOTO JIOKJIAJa U TE3UCOB JIOK-
nana?

13. Yro oTHOCUTCA K 00BEKTAM MHTEIUIEKTYaJIbHON COOCTBEHHOCTH?

14. CocraBisroniye NaTeHTHLIX UCCIEIOBAHUMT.

15. Yto BKITIOUAET 3asBKa Ha n300peTeHue?



7. OPFAHU3ALIUA HAYYHbIX UCCNEQOBAHUN
B TEXHONOr M MALLMHOCTPOEHUA

7.1. IloAroTOBKA HAYYHBIX
U HAYYHO-TIeJArOrHYeCKUX KaJIpoB

C 2011 r. B Poccuiickoit denepaiiii BBOJUTCS JTBYXYPOBHEBOE
BhIcIIee podeccroHanbHOe 00pa3oBaHHe:

e NIEPBBI ypOBEHb — OakanaBpuaT ¢ HOPMATUBHBIM CPOKOM 00yue-
HUS 4YeThIpe rofla 3aKaHUYMBACTCSl MPUCBOCHUEM 00ydyaeMOMY KBaJ(u-
KaLlMOHHOH CTENEeHU «OaKaiaBpy;

® BTOpPOIl YPOBEHb — MarucTparypa ¢ HOpMaTHBHBIM CPOKOM TIO JIBa
roga Ha 6aze OakamaBpuaTa 3aKaHUYMBAETCS MPHCBOCHHUEM O00ydaeMOMY
KBTN()MKAIMOHHOHN CTEMIEHN «MaTruCTp»;

[lo HEKOTOPBIM CIIEIUANBHOCTSAM, MEpPEYeHb KOTOPBIX YTBEPKICH
[IpaButenscTBOM P®, coxpaHseTcs CHENHaINTET CO CPOKOM OOYyUeHHS
HE MEHee 5 JIeT, KOTOPHI 3aKaHYWBaeTCs MPHUCBOECHUEM O0ydaeMOMY
KBaJIM()UKALMOHHOM CTENCHH «IUIJIOMUPOBAHHBIN CIICIIUATIHCT.

B cootBerctBun ¢ ®I'OC BIIO mo HampaBJICHHIO IOITOTOBKH
151900 «KoHCTPYKTOPCKO-TEXHOJIOTHYECKOE OOECIIedeHne MaIluHO-
CTPOUTENHHBIX TMPOU3BOACTB» OaKanaBp JMOJDKEH pemarh Mpodeccho-
HaJbHBIE 33/1a4ll TI0 CIEAYIONINM BHIAM HAYYHO-UCCIe008aAMeNbCKOU
OesimenIbHOCmU:

® M3YyUCHHUEC Hay‘-lHO-TeXHPI‘IeCKOﬁ I/IH(i)OpMaHI/II/I, OTCYCCTBCHHOI'O 1
3apy0eXHOI0 OIbITa B 00JIACTH Pa3pabdOTKH, IKCILTyaTal[dd, PeOpraHu-
3alu MallIMHOCTPOUTEIIBHBIX ITPOU3BOJICTB,

e yyacTue B paboTax MO MOJEIHPOBAHMIO MPOAYKLUUH B OOBEKTOB
MAalIMHOCTPOUTCIIbHBIX IMPOU3BOACTB C HMCIIOJIB30BAHUCM CTaHAAPTHBIX
MAKETOB U CPEJCTB aBTOMATU3UPOBAHHOTO MTPOEKTHPOBAHMS;

® yyactue B paboTax Mo JUArHOCTUKE COCTOSHUS M JMHAMUKE 00b-
€KTOB MAIIMHOCTPOUTENBHBIX MMPOU3BOJICTB C UCIOIH30BAaHHEM HEOOXO-
JUMBIX METOJIOB M CPEJICTB aHaJIN3a;

® ygacTHe B pa3paboTKe aNTOPUTMUYECKOTO U MMPOTrPaMMHOTO oOec-
neyeHus CpEaACTB U CUCTEM MAIIMHOCTPOUTEIIbHBIX IIPOU3BOACTB,



® YJaCTUC B IMMPOBCACHUC SKCIICPUMCHTOB 110 3aJaHHbIM METOJAUKAM,
00paboTKe M aHaIU3e Pe3yJIbTATOB, OMUCAHUH BBIMOJHICMbIX HAYYHBIX
I/ICCHGI{OB&HI/II‘/'I, MOATrOTOBKE NJAHHBIX HJIA COCTABJICHUS HAYYHBIX O630pOB
U Iy OJMKanui;

e yyactie B paboTax IO COCTABJICHUIO HAYYHBIX OTYETOB, BHEJApE-
HUIO PE3YJIbTATOB MCCIENOBAaHUU M Pa3pabOTOK B NMPAKTHKY MAaIIWHO-
CTPOUTENILHBIX TPOU3BOJCTB.

[loaroroBka Hay4HO-TIEAArOTMUECKUX KaJpOB MPOJODKACTCS U B Ma-
THCTpAaType, MOCKOJIBKY corjacHO IlonokeHuro o MarucTepckod Moaro-
TOBKE (MarmcTpaType) B CHCTEME MHOTOYPOBHEBOTO BBICIIEro 00Opa3oBa-
Hus Poccuiickoin denepanuy, yTBepKICHHOMY IIOCTaHOBJIEHUEM ['OCKOM-
By3a oT 10 aBrycra 1993 r., moAroToBKa MarucTpoB OPUEHTHPOBAHA Ha
HAYYHO-HCCIIEIOBATEIbCKYIO H HAYYHO-TIEIarOTUIECKYTO JIESITeThHOCTb.

IIporpamma MarucTepckoil MOATOTOBKH COCTOMT M3 JIBYX YacTeil:
o0Opa3oBaTenbHON W HAy4YHO-HCCIenoBaTenbckoi. K HaydHo-nccnenoBa-
TEIBCKOW YaCTH TPOTPAMMEI MPEABSABISIOTCS CIEAYIONINE TPEOOBAHUS:

® MarucTp JIOJDKEH YMETh ONpEICSITh MpodiemMy, GopMyIUpoBaTh
THITOTE3BI U 33/1a4H HCCIIECTOBAHNS,

e pa3pabaThIBaTh TUIAH UCCIICAOBAHUS;

e BEIOMpATh HEOOXOMUMBIE U HAanOOJIEe ONTHUMAIbHBIE METOJIBI HC-
CJIEJIOBAHUS;

e 00pabaThIBaTh MOJMyYEHHBIE PE3YNbTATHI, AHATHU3UPOBATH U OC-
MBICTTUBATh UX C Y9€TOM WMEIOIINXCS HAYYHBIX UCCIIEOBaHUH;

e BecTH OMOIMOTpaduIecKyro paboTy ¢ MPUBICYCHHEM COBPEMCH-
HBIX HHPOPMAITMOHHBIX TEXHOIOTHH;

® MPCACTABJIATL UTOI'M HAYYHOI'O HMCCJICAOBAaHHA B BUAC OTYCTOB,
pedepaToB, HAYYHBIX CTATEH.

B 3aBepmaromeM cemecTpe MarucTparypsl INpenycMaTpuBaeTcs
clada BBITYCKHBIX JK3aMEHOB W 3alllUTa MarucTepCKOi UCCepTaIlvH,
SABJISIIOILEICS CaMOCTOSTENIFHBIM HAayYHBIM HCCIeJOBaHHEM. Pe3ynbraTh
BBIIMYCKHBIX MaruCTEPCKUX 3K3aMEHOB MOTYT OBITh 3aCUHTAaHBI BY30M B
Ka4yeCcTBE Pe3yJIbTATOB BCTYMHUTEIBHBIX 3K3aMEHOB B acnupaHTypy. Cty-
JeHTaM, 00yJaloLUIMMCsl [0 MarucTepckoil mporpaMmme, MOXKeT OBITh pas-
pellieHa ciaya SK3aMEeHOB KaHAUJATCKOT0 MUHUMYMa.



B acniupanTypy By30B, Hay4UHBIX YUPEXKACHUM WIM OpraHu3aluil Ha
KOHKYPCHOW OCHOBE TPUHHMAIOTCS JIMIA, MUMEIOIIUE BBICIIee Tpodec-
CHOHAJIbHOE 00pa30BaHHE.

ITocTynaromue B aCMpPaHTypy CHAOT KOHKYPCHBIE BCTYIIUTEIbHBIC
9K3aMEHBI 10 CHEeNUAIFHONW TUCHUIUINHE, (GHI0cOPHU, WHOCTPAHHOMY
SI3BIKY, OIpeNeNsieMOMY BY30M WJIM HAay4HOW OpraHM3alueid U HeoOXo-
JUMOMY aCIUPAHTY JUIS BBIIOIHEHUS JUCCEPTALlMOHHOIO UCCIIEIOBAHUS.
JIuna, craBuive MOJIHOCTBIO WM YaCTUYHO KaHAUJATCKAE SK3aMEHBL, [IPU
MOCTYIUIGHUH B AaclUpPaHTYpy OCBOOOXKIAIOTCS OT COOTBETCTBYIOIIMX
BCTYIIUTENbHBIX IK3AMEHOB.

IIpuemHass koMuccus IO Pe3yJIbTaTaM BCTYIUTENbHBIX IK3AMEHOB
MPUHUMAET pellleHHe MO KaKIOMY MPEeTeHIICHTYy, oOecrieunBas 3a4ncie-
HUE HAa KOHKYPCHOIM OCHOBE JIMII, HaN0O0JIe€ TOArOTOBICHHBIX K HAYYHOM
W TeIaroruueckoil padore. 3auuciieHHe B aCMHUPAHTYPY MPOU3BOIUTCS
MIPUKa30M PYKOBOAMTENS By3a (HAYYHOTO YUPEXKAECHUS, OpPraHU3aIIH).

OOyueHne B aCIUPaHTYPE MOXKET OCYIIECTBIATHCS 10 OYHOH hopme
He OoJiee Tpex JIET, 10 3209HOM (opMe — 10 YETHIPEX JIeT.

3a BpeMsi 00y4eHHUs! acUpPaHT 00s3aH: IMOJIHOCTHIO BBIIIOJIHUTH HMH-
OUBHIYalbHBIA IUIaH; CAATh KaHAWAATCKUE 3K3aMEHHI 1Mo (GuiIocouy,
WHOCTPAaHHOMY SI3BIKY M CHEIMANbHONW TUCLHUIUIMHE; 3aBEpPIINTH padboTy
HaJ JUccepTanuell u NpeAcTaBUTh ee Ha Kadenpy (B COBeT, oTxel, j1abo-
paTopuio, CEKTop).

OO0pasoBaTtenpHas OporpamMma MOATOTOBKM AaCHHPaHTa COAEPIKHUT
ClIeAyIOIIMEe KOMIIOHEHTHI: 00pa30BaTeIbHO-IIPOGEeCCHOHAIBHBIE TUCLH-
IUTMHBI, (DaKyJIbTaTUBHBIE TUCUUIUIMHBI, IEIarOTHYECKYIO MIPAKTUKY, Ha-
YYHO-HCCIIE0BATENbCKYI0 PpadoTy, HTOrOBYIO T'OCYJapCTBEHHYIO aTTe-
CTallMIO, 3alIUTy IUCCEPTAlMM Ha COMCKAHHME YYCHOU CTENEHW KaHIuAa-
Ta HaYyK.

HaydHo-ucciegoBarenbekas 4acTb MPOTPaMMBI MOATOTOBKH acIu-
paHTa JOJDKHA:

® COOTBETCTBOBATh OCHOBHOMW MPOOIEMaTHKE HAYYHOU CIIEIIHAIbHO-
CTH, [10 KOTOPOH 3aIMINAETCS KAaHIUAATCKasl JUCCEPTALINs;

e 00JagaTh aKTyaJIbHOCTBHIO, HAYYHOW HOBU3HOH, MPaKTUUYECKOU
3HAYUMOCTBIO;



® UCIIOJIb30BAaTh COBPEMEHHBIC TEOPETUIECKUE, METOTUUECKUE U TEX-
HOJIOTHYECKHE JIOCTHXKEHHS OTCUSCTBEHHON U 3apy0e)KHON HAYKU U MPaK-
THKY;

® 1CII0JIb30BaTh COBPEMEHHYIO METOMKY HAYYHBIX HCCIIC/IOBAHUN;

® ICIIOJIb30BaTh COBPEMEHHBIE METObl 00pa0OTKA M HHTEpIIpEeTa-
WU UCXOJTHBIX JIAHHBIX C IPUMEHECHHEM KOMITBIOTEPHBIX TEXHOJIOTHIA;

® COJICpPKaTh TEOPETUYECKUE (METOAMYCCKHE, TIPAKTHUSCKHE) pa3jie-
JIbI, COTJIACOBAHHBIC C HAYYHBIMH TOJI0KECHUSIMH, 3aIIUIIAEMbIMU B KaH/I1-
JIATCKOM AUCCEpPTaLUU.

KaxxnoMy acriupaHTy yTBepiKIaeTcsl TeMa JUCCepTalliK U Ha3HaJa-
€TCsl HAyYHBIH PYKOBOAMTENh M3 YUCIIA IOKTOPOB HAYK MU Tpodecco-
poB. B oTHEIBHBIX Coydasx MO PEIICHUIO YYSHOI'O COBETa By3a WIIM Ha-
YYHO-TEXHHUYECKOTO COBETa HAYYHOT'O YUPEKICHHUS, OPraHU3alMU Hay4-
HBIM PYKOBOIWTEIEM MOXeT ObITh Ha3HaueH KaHAWIaT HayK, Kak
MPaBWJIO, UMEIOIIMK yYeHOe 3BaHHE JOICHTa (CTapIliero Hay4yHOro Co-
TPYJIHHKA).

AcrnupaHThI, 00yJaronuecs B OYHOW acCIHUPaHTYpPe 3a CUET CPEICTB
OromkeTa, 00ecreunBarOTCA TOCyIapCTBEHHON ctuneHnueii. MHoropoa-
HUM TIPEAOCTABISICTCSA OOIICKUTHE. ACIHUPAHTHI OYHOTO OOYUCHHUS €XKe-
TOJTHO TIOJIB3YIOTCA KaHUKYJIAMH TPOJIODKUTEILHOCTHIO J1Ba Mecsa. Ac-
MUPAHTHI, 00ydalorecs 1Mo 3a09HON (popMe, UMEIOT TPaBO HA €KETO/-
HBIC JIOTIOJIHUTENBHBIC OTITYCKa 110 MECTY pabOThl MPOIOJIKUTEIBHOCTHIO
30 kaJieHJapHBIX JTHEH ¢ COXpaHEHHEM CPEIHEro 3apa0oTKa, a TaKXkKe Ha
OJIMH CBOOOHEIN OT pabOTHI JeHb B HEAENIO C OIUIATOW €ro B pa3Mepe
50 % momy4aeMoii 3apIuTaThl.

AcrnupaHThl OECIIaTHO TMOJIB3YIOTCS 00OpYyIOBaHHEM, Jiaboparo-
pUSMH, Y4eOHO-METOIMYECKUMU KaOMHEeTaMu, OMOIIMOTeKaMH, a TaKXKe
UMEIOT TIPaBO Ha KOMaHINPOBKH.

CrieruajiucThl MOTYT CHaTh KaHIAMJIATCKUE SK3aMEHbI U IOArOTO-
BUTh JTUCCEPTAIIMIO BHE aCIIUPAHTYPhI HA TpaBax couckarens. Jis aToro
COMCKATeh MPUKPEIUISETCS K BY3y (HAYYHOMY YUPEKACHHIO, OpraHn3a-
[IUU), UMEIOIIEMY AaCIMPAaHTypPy MO COOTBETCTBYIOIIEH CIIEIHATbHOCTH.



HpI/IerH.HeHI/Ie JUIA IOATOTOBKHU U CAAYM KAHAUAATCKUX J3K3aMEHOB MO-
JKET IPOBOJUTHLCA Ha CPOK HE 60nee ABYX JICT, a JJIs1 IOATOTOBKH KaHIU-
JATCKOU JMiccepTaiuy — Ha Cpok He Ooiee Tpex JieT. [lopsimok moaroros-
KM KaHIAMJATCKUX JUCCepTaliii B (OpME COMCKATE/IbCTBA YCTAHOBJICH
ITonmoxxenueMm o MOATOTOBKC HAYUYHO-IICAArOr4CCKUX U HAYUYHLIX KaJIpOB
B CHCTEME IIOCIIEBY30BCKOT0 IMpodeccuoHaibHOro oodpasoBanus B Poc-
cuiickoit denepaluu.

Jlvia, uMerolue y4eHyro CTeneHb KaHauaaTa HayK, JJis MOJroTOB-
KM JJOKTOPCKHUX AMCCEpTalUil MOI'YT IIEPEBOJUTHCS Ha JOJDKHOCTH Hayd-
HBIX COTPYTHHKOB CPOKOM JI0 NIBYX JieT. B mepuon mpeOsiBaHUS B STOM
JOJDKHOCTH HAYYHBIH COTPYIHUK 00s13aH 3aBEPUINTH pabOTy HaJ| JIOKTOP-
CKO# muccepTanmeii U mpencTaBuTh ee Ha kadenpy. [lo ucredyenuu rona
OH JIOJDKEH TPEIbSIBUTH YUEHOMY COBETY By3a OTYeT O paboTe Haja Jvc-
cepTalueil, o pe3yjabTaTaM KOTOPOrO0 COBET IPUHHMMAET PELICHHUE C pe-
KOMeH,ZIaHI/IeI‘/'I O IMPOJJICHUU €TI0 Hpe6I)IBaHI/151 B JOJIDKHOCTU HAY4YHOI'O
COTpYJHHMKA HA CJICAYIOIIMNA TOAWYHBIA CPOK WJIM O BO3BpPALLECHUU Ha
MIpeKHEE MECTO PaOOTHL.

OTarsl MOJATOTOBKM HAYYHBIX KapOB MpeACcTaBIeHBI Ha puc. 7.1.

bakanappuar
(bakanagp)
Cneunanurer
Marucrparypa .
(Maructp) (JMNIOMHPOBAHHBIH
e I CIELHAIHCT)
Acniupanrypa
(yueHasi cTerneHb — KaH/1u1aT HayK)

Puc. 7.1. DTamsl moAroTOBKHA HAYYHBIX KaJpPOB

C 1 cenrs6ps 2013 r. BCTyn®i B CHITy HOBBIH 3aKOH 00 00pa3oBaHUH
B Poccun, B KOTOpOM BCe BUJIBI NTOCJIEBY30BCKOTO 00pa30BaHMs CTalH OT-
ACIBbHBIMHA YPOBHSAMMU BBICIIETO O6pa3OBaHI/IH, PEriIaMCHTUPYIOIIUMU TIO1-
TOTOBKY HAay4YHO-TI€IarOTMYECKHX KaJPOB BHICIICH KBATA(HKAIIH.



7.2. YpoBHHM BbICIIero 00pa3oBaHus,
yueHble CTeleHU U 3BAHUA

CyObekTaMu HayYHOU AEATEIBHOCTH B CHCTEME BBICIIETO U IIOCIIEBY-
30BCKOr0 MPO(eCcCHOHATIBHOI0 00pa30BaHUs SIBJSIIOTCS HAyYHO-TEXHUYEC-
KU€, HayYHbIC U MHXCHEPHO-TEXHHUYECKHUE PaOOTHHUKHU, aCIIMPAHTHI, COUC-
KaTeJH, a TAKKe CTYAEHTHI U ciymartend. K HayuyHO-TeXHUYEeCKuM padoT-
HUKaM OTHOCSITCS JIMIA, 3aHWUMAIONINE JOJDKHOCTH JieKaHa (akyibrera,
3aBenyroniero kadeapou, mpodeccopa, JONEHTA, CTApIIEro MpernojaBaTe-
JIsl ¥ aCCUCTEHTA.

Cornacao ®@enepanbHoMy 3akoHY OT 22 aprycta 1996 r. «O BbIc-
1IeM M MOCIEBY30BCKOM 0Opa3oBaHum» B Poccuiickoit denepanun ycra-
HOBJICHBI Y4eHbIe 3BaHMs mpodeccopa U aoueHTa. EnuHblil peectp yue-
HBIX CTEICHEH M YUYEeHBIX 3BaHU, yTBEP)KACHHBINA nocTanoBieHueM [lpa-
BurensctBa PO ot 30 sHBaps 2002 r., yCTaHOBUWII CIIEAYIOIINE yYEHBIE
3BaHUs Ul HAYYHO-TEXHUUECKUX M HAYYIHBIX pAOOTHUKOB:

e npodeccop 1o kadeape o0pa3oBaTEILHOIO YUPEKICHHS BBICIIE-
ro npo¢eCCHOHAILHOTO U JOTOJHUTEIBHOTO MPO(ECCHOHAIBHOTO 00-
pa3oBaHus;

® JIOICHT 10 Kaderpe 00pa30BaTeIIbHOrO YUPEKIICHUS BBICIIETO IPO-
(becCHOHANIBHOTO U JIOTIOHUTEIIFHOTO MPO(eCCHOHAILHOTO 00pa30BaHUsL;

e npodeccop N0 CIEUUATBLHOCTH COIVIACHO HOMEHKJIAType CIIEeIH-
AIBHOCTEH Hay4YHBIX paOOTHUKOB;

® JIOIICHT MO CIEIHATbHOCTH COTJIACHO HOMEHKIIATYpEe CHEeIUaNbHO-
CTe¥ HayYHBIX paOOTHUKOB.

Cornacho IlonoxeHuto o nopsake NPUCBOCHNS YYEHbIX 3BaHUM, YT-
BepkaeHHoMy [locranoBnenuem IlpaBurensctsa PO ot 29 mapra 2002 r.,
yueHoe 3BaHHe npodeccopa 1o kKadeape MOKeT ObITh MPUCBOEHO JTOKTO-
paM Hayk, 3aMeIIaIoIIMM TI0 TPYIOBOMY JOTOBOPY JOJDKHOCTH mpodecco-
pa, 3aBexytomiero kadeapoii, AekaHa GaxyabTeTa, pyKOBOIUTENS (ruTHaa
WM UHCTUTYTA, IPOPEKTOPA, PEKTOPa By3a WM YUPEKACHUS MOBBILICHUS
KBTM(UKALUK, €CIIM OHH UMEIOT OITyOIMKOBaHHBIE y4eOHO-METO yec-
KUE ¥ HaydHble pabOThl, YUTAIOT Kypc JIEKIMI Ha BBICOKOM mpodeccho-
HaJIbHOM YPOBHE, a4 TAKXXC HAa MOMCHT MPCACTABJICHUA ATTCCTALIMOHHBLIX
JIOKYMEHTOB



a) ycnemHo paboTaloT B yKa3aHHBIX JOJDKHOCTSX B T€UEHHE ro/a;

0) UMEIOT CTaX HAyYHO-NEaroruuecKoil paboTel HE MEHEe JECITH
JIeT, U3 HUX HE MEHee ISTH JIeT Melarorniyeckoi paboTel B By3ax WIH
YUPEKICHUSIX MOBBIIICHUS KBATM(PHUKALINY;

B) SIBJISAIOTCS aBTOpaM® (COaBTOpaMHy) ydeOHHMKa (y4eOHOTO IMOCco-
Ousl) WK HE MEHEe TPeX Y4eOHO-METOIUYECKHX PadoT, OIyOJMKOBaH-
HBIX 32 OCJIEJHNAE TPH TOAa;

T) SIBJISAIOTCS] aBTOpaMu (COaBTOpaMu) MoHoOrpaduu (T1aBbl B MOHO-
rpadun) WIM HE MEHee TPeX Hay4HBIX padoT, OmyOJMKOBAaHHBIX 3a MO-
CIIC/IHUE TPH TO/IA;

1) IOArOTOBHIIM B KAU€CTBE HAYYHBIX PyKOBOIUTEIICH MIIN HAYUYHBIX
KOHCYJIFTAHTOB, KaK MPaBUJIO, HE MEHEE IBYX YUYEHHKOB, KOTOPBIM IIpH-
CYXJICHbI YUCHBIC CTCIICHH.

VYueHoe 3BaHHE npodeccopa MO CHEUUATFHOCTH MOXKET OBITh IpH-
CBOGHO JIOKTOpaM HayK, 3aMELIaloliM 10 TPYIOBOMY JOTOBOPY JOJIK-
HOCTH BEIYIIEr0 HAYYHOTO COTPYIHUKA, TIABHOTO HAYYHOTO COTPYIHH-
Ka, 3aBEAYyIOILEro (HadyalbHUKA) HAYYHO-HCCIICAOBATEIbCKUM OTIEIIOM
(oTmeneHueM, CEKTOpPOM, JlabopaTopueli), y4eHOro ceKpeTraps, 3aMecTH-
TENsl AUPEKTOpa, JUPEKTOpa B HAYYHBIX OpPraHU3AIMAX, HAYYHBIX ITOJI-
pa3zeeHusX By30B WM YUPEKACHUH MOBBIMECHNS KBATH(DUKALIIH.

VYueHas cTeneHb JOKTOpa HayK MPHCYKAAETCs Mpe3nguyMoM Bric-
e aTTecTallMOHHON KoMuccHMu MUHHCTEPCTBa 00pa3oBaHHS W HAYKH
P® Ha ocHOBaHMM XOpaTaiicTBa AMCCEPTALIMOHHOTO COBETA, IIPHUHATOIO
mo pe3yjibTaTaM MyOJWYHOW 3allMTBl JHCCEPTAllUd COUCKATENEeM,
HMMEIOIUM YYCHYIO0 CTETeHb KaHauzara Hayk. Jluccepramusi Ha comcKa-
HUE YYCHOH CTeNeHW [OKTOpa HAyK MpeACTaBisieT co0OW HaydHO-
KBaJIM(PUKALMOHHYI0 PabOTy, B KOTOPOH HAa OCHOBAaHMH BBIIOJIHEHHBIX
ABTOPOM HCCJIEIOBAHUM

e pa3paboTaHbl TEOPETUUECKHE TOJOKEHHUS, COBOKYITHOCTh KOTOPBIX
MOXHO KBaTU(HULIMPOBATh KaK HOBOE KPYITHOE HAYYHOE JOCTH)KEHHE;

e pellieHa KpyIHAs Hay4yHas MpoOJjieMa, UMerollas Ba)KHOE COIH-
IbHO-KYJBTYPHOE WM XO3SICTBEHHOE 3HAUYCHHE;

® M3JI0’KEHbI HAYYHO 0OOCHOBAHHBIE TEXHUYECKHE, SKOHOMHUYECKHE
WIA TEXHOJOTUYECKUE pEIleHHs, BHEIPEHUE KOTOPBIX BHOCUT 3HAYH-
TEJILHBIN BKJIa] B Pa3BUTUE 3KOHOMHUKH CTPaHbI U MOBBIIIEHHE ee 000po-
HOCITOCOOHOCTH.



Opnako y4deHoe 3BaHHe mpodeccopa 1mo Kadenpe MOKET OBITh MPH-
CBOGHO 0€3 3aIUTHI JIOKTOPCKOH TuccepTaliy KaHauaTaM Hayk (B BHIE
UCKIIIOYEHUS), paOOTHUKAM HCKYCCTB, CHICLUAINCTaM (PU3HYECKON KyJIb-
TYPHI H CIIOPTA, KPYIHBIM CHEIHATNCTAaM, TTOTYYUBIINM MEXITyHAPOIHOE
WJTM BCEPOCCUNCKOE MPU3HAHUE B KOHKPETHOW OTpaciid 3HAHUH, €ClId UX
JIeSITEeIbHOCTh COOTBETCTBYET TpeboBaHUsAM [lomoxkeHust o mopsiake mpu-
CBOCHHMS yUCHBIX 3BAHHIA.

VYdeHoe 3BaHME JIOLIEHTA TI0 Kadeape MOXKET ObITh MPUCBOCHO JOK-
TOpaM H KaHAHWJaTaM HayK, 3aMelIalolUuM [0 TPYAOBOMY JIOTOBOPY
TIOIDKHOCTH AOIEHTa, mpodeccopa, 3aBenytomiero kadeapoii, rekana ga-
KyJIbTETa, PyKOBOJAUTENS (DUITMAIa MIIK UHCTUTYTA, IPOPEKTOPaA, PEKTOpa
By3a WU YYPESKICHHUS IMOBBINICHUS KBATU(PUKAIIUH, €CIIM OHU HMEIOT
OIyOJIMKOBaHHbIE YYeOHO-METOMUYECKHE W Hay4dHble Pa0OThI, YHTAIOT
Kypc JIEKIUH WIH BeXyT 3aHATH Ha BHICOKOM MPOQPEeCCHOHATEHOM YPOB-
He, a TAaK)Ke Ha MOMEHT MPE/ICTABICHNS aTTECTAIMOHHBIX JOKYMEHTOB

a) yCremrHo padoTaloT B yKa3aHHBIX JOJDKHOCTSIX B T€UEHHUE T0/1a;

0) MMEIOT CTaX HAYYHO-TICJAArOrMUeCKON pabOThl HE MEHEE ISITH
JIET, U3 HUX HE MEHEEe TPEX JIeT MeAarornieckoil paboThl B By3aX WM Y-
PEXISHHUSIX TIOBHIIICHUS KBaTH(DUKAIIHH;

B) SBISIOTCS aBTOpamu (CoaBTOpaMH) ydeOHHMKa (y4eOHOro Ioco-
Ousl) WM HE MEHEe JIByX y4eOHO-METOJAMYECKUX PaboT, OImyOIMKOBaH-
HBIX 32 OCJETHIE TPH I'0Ja;

T) ABIIAIOTCS aBTOpaMu (coaBTOpaMu) MoHOTpaduu (TJIaBBI B MOHO-
rpadun) wnM He MEHee NBYX HAyYHBIX Pa0OT, OMyOIWKOBAaHHBIX 3a IO-
CJICJIHUE TPH TO/IA.

VYdeHoe 3BaHME JIOLIEHTA TI0 CIICHHAIbHOCTH MOXKET OBITh MPUCBOE-
HO JIOKTOpaM, KaHAMJaTaM HayK, 3aMEIalolIUM 10 TPYAOBOM JIOTOBOPY
JIOJDKHOCTH CTapIIIeT0 HAYYHOT'O COTPYAHHKA, TIABHOTO HAYYHOTO CO-
TPYIHHKA, 3aBEAYIOMIETO (HadyalbHUKA) HAyYHO-HUCCIIE0BATENbCKIM OT-
nenoM (OTIeNIeHHEM, CEKTOpOM, Jjaboparopueii), y4eHOro cekperaps,
3aMEeCTHUTENs AUPEKTOPa, TUPEKTOPa B HAYYHBIX OPTaHHU3aIHAX, HAYYHBIX
MOJIpa3/IeTICHUSIX BY30B M YUPEXKICHUSIX TOBBINICHHUS KBaTH(pUKAINA U
COOTBETCTBYIONMM TpeboBaHmsM [lomoxkeHust.

JlolLieHT, KaKk MUHUMYM, JOJDKEH HMETh YUCHYIO CTEIICHb KaHauaaTa
Hayk. OHa TPUCYXKIAeTCs TUCCEPTAMOHHBIM COBETOM IO pe3yJibTaTaM



yONMYHOM 3alUThl IUCCEPTALMM COMCKATEeJIeM, HMMEIOIIUM BBICIIEE
npodeccronanbHOEe 00pa3oOBaHHUE.

Huccepranysg Ha COMCKaHHME YYEHOM CTENEHM KaHAWIaTa Hayk
JOJKHA OBITH HAyYHO-KBaJTM(HKAINOHHONW pabOTOM, B KOTOPOi

® COIEPIKUTCS PEIICHUE 3a/1a4H, HMEIOIIEe CYIECTBEHHOE 3HAUCHHE
JUTs1 COOTBETCTBYIOIIEH OTpaciv 3HaHU;

® H3JI0)KEHbI HAy9HO 0OOCHOBAaHHBIE TEXHUYECKHE, IKOHOMHUYECKHE
W TEXHOJOTMYECKHe Pa3padOTKH, UMEIOIINE CYIIECTBEHHOE 3HAYCHUE
JUTS SKOHOMHUKH WM 00ecTiedeHs] 000POHOCTIOCOOHOCTH CTPAHBI.

Bwmecre ¢ TeM npu HamM4YMM ycnoBuid, 0003Ha4eHHBIX B IlomoxxeHnu
0 TIOpSZIKE TIPHCBOEHUS YUEHBIX 3BaHUI, yU€HOE 3BaHUE JOLIEHTa MOXKET
OBITH IPHUCBOCHO 0€3 3aIIUTHI JUCCEPTAINY, B BUAE HUCKIIOUSHHUS, JTUIIAM,
HMMEIOIIUM BhICIIee 00pa3oBaHue, pabOTHUKAM HUCKYCCTB, CHEUATUCTAM
¢$u3nuecKoll KyJIbTyphl M CIIOPTa, BBICOKOKBATH(UIIMPOBAHHBIM CIIeLIHa-
JMCTaM, MOJYYMBUIMM MEXIYHAapOIHOE WM BCEPOCCHHCKOE MpHU3HAHHE
B KOHKPETHOH 00,1aCTH 3HAHUIA.

7.3. Hay4uHo-uccaeqoBaTeJbckas padoTa CTy/IeHTOB

B ®enepanpaom 3akoHe oT 22 aBrycra 1996 r. «O BpICHIEM H TIO-
CJIEBY30BCKOM TPO(ECCHOHATHHOM O00pa30BaHUW» 3aKpeIieHbl MHOTO-
YHUCJICHHBIC IIpaBa CTYyACHTOB BY30B, B TOM YHUCJIC U IMPAaBO IMPUHUMATDH
y4acTHE BO BCEX BHUJIaX HAyYHO-HCCIICJOBATEIBCKUX pabOT, KOH(EpEH-
quAax, CUMIIO3UyMax, a TaKXKC MPEACTABJIIATE CBOU pa6OTI)I JJIsL Hy6HI/IKa-
LMY, B YaCTHOCTH, B M3/IaHUAX BBICIIETO y4eOHOI'O 3aBEJCHUS. 31ECh JKe
3alrucaHo, 4TO CTYIACHTHI BY30B 065133HI>I OBJIaJACTh 3HAHHAMM, BBIIIOJI-
HATH B YCTAHOBJIIEHHBIE CPOKHM BCE BH[Ibl 3aJaHUM, IPELyCMOTPEHHBIX
y‘-I€6HI>IM IIJTaHOM H 06pa3OBaTCJ'II)HI)IMI/I nporpaMMaMm BBICHICTO IIPO-
(eccuonanpHOoro oOpa3zoBaHus. B 3akoHe He mpeaycMoTpeHa o0s3aH-
HOCTh CTY/ICHTOB 3aHMMAThCSI HAyYHO-HMCCIIe0BaTeNbCKol padoTol. Tem
HE MCHEC OHU OOJIKHBI BBITIOJIHATH TC BUbI 33[[3HPII71, KOTOPEBIC COACpKAT
3JIEMEHTHl HayYHOI'O HCCIIEIOBAHUS W BKIIOYEHBI B Y4eOHBIH IUIAH WU
IUIaHbI 3aHATHH 1o aucnuiuinHe. K ux unciay oTHOcsTCs pedepar, JoK-
nan, KypcoBas padoTa, BBIITYCKHAs KBaTU(HUKAIIMOHHAs paboTa OakanaB-
pa, AMIUIOMHAs: paboTa, MarucTepcKas AuccepTanusl.



B cootBercTBuu ¢ TUITOBBIM MONI0KEHHEM 00 00pa30BaTEIHHOM yU-
PEXISHUH BBICHIETO TPOGECCHOHAIBHOTO 00pa3oBaHus (BbICIIEM ydeO-
HOM 3aBenenun) Poccuiickoit denepannu, yTBEP>KICHHBIM TOCTaHOBIIC-
nHueMm I[lpaBurensctBa PO ot 5 anpens 2001 r., yueGHbIe 3aHATHS TPOBO-
IATCS KaK B BHUJAE JIEKIHHA, CEMHUHApOB, NPAKTHYECKUX 3aHSATHH,
KOHCYJIbTallMd, TaKk W B BHJIEC HAYYHO-UCCIEAOBATEIbCKONH pPabOTHI
(HUP), xkypcoBoit pabOThI, KBATU(DHUKAIIMOHHOW Pa0OTHI.

UtoOBI BBHIMOJHUTE BhILIETIEPEYUCICHHBIE Pa0OTHI, CTyIEHTY HE00-
XOJUMO YMETB!

e BEIOpATh TEMy U pa3paboTaTh IUIaH UCCIIECAOBAHHUS;

® OIPEJIEIUTH ONITUMAIIbHBIE METO/IBI UCCIIEOBAHUS;

® OTBICKHBATh HAYYHYIO HH(OPMAIHIO M paboTaTh C JINTEPATyPOii;

e coOupatrh, aHAJIM3UPOBaTh M 0000UIaTh Hay4HbIE (AKTHI, MaTe-
puaibl Cy1e0HON U WHOM MPaKTHKH;

® TEOPETHYECKH MPOpadOTaTh HCCIETyEMYIO TEMY, apryMEHTHPO-
BaTh BBIBOZBI, 00OCHOBBIBATH MPEIIOKEHUS M PEKOMEH AN,

¢ 0(hOpMUTH pe3yNbTaThl HAYYHOU PaOOTHI.

Hexkotopsie Bunst HUP crynenT He 00s3aH BBIMONHATE. Harmpumep,
€ro Hellb3sl 3aCTaBUTh 3aHUMAThCI B HAyYHOM KpYXKKe, BBICTYIHTH C
JIOKJIAIOM Ha KOH(EpEeHIMH WM MPHHATh YYacTHEe B KOHKypCE Ha Jyd-
LIYI0 CTYJCHYECKYI0 Hay4yHyIo pa0doTy. OfHAKO eMy ClIeAyeT IOMHHTB,
YTO 3a/a4M, KOTOpPBIE CTOAT MEpe] COBPEMEHHBIM MAIIMHOCTPOEHHEM,
HACTOJIBKO CJIOKHBI, YTO MX pelleHne TpeOyeT MCCIIeOBaTeNbCKIX Ha-
BbIKOB. Cama mpodeccusi HHKeHepa HOCHT MOMCKOBBIH, UCCIIeIOBATEIb-
ckuil xapakrep. [I03TOMy COBPEMEHHBIA HMHXKEHEP NOJDKEH BIAJETh HE
TOJILKO HEOOXOAMMOW CyMMOH 3HaHWH, HO U ONPEACICHHBIMU yMEHHSI-
MU, KOMITETEHIIUSIMA TBOPYECKOTO PEUICHHS MPAKTHYECKUX 3amad. JTh
yMEHUsI, KOMITETeHIINNA MPHOOPETAIOTCS B By3€ MyTEeM aKTUBHOTO yd4a-
CTHS CTYZICHTOB B HayYHO-HCCIIEI0BATEILCKON padoTe.

[MonsTre «HAyYHO-UCCIIEAOBATENIbCKas padora cTyneHToB» (HUPC)
BKJIIOUaeT B ceOs 1Ba dJIEMEHTa:

1) oOy4yeHHne CTYyAEHTOB JIIEMEHTAM KCCIEIOBATENHECKOTO TPYAA,
MIPUBHUTHE UM HABBIKOB 3TOTO TPYa;

2) coOCTBEHHO Hay4YHBIE HCCIIEIOBAaHUS, IPOBOAMMBIC CTYJCHTAMH
10J] PYKOBOJICTBOM ITPO()eCCOPOB U MPEToiaBaTecH.



HUPC siBiisieTcst npoA0DKEHUEM M YIITyOJIeHHEeM y4eOHOTo Mpolec-
ca, OJHUM M3 BaXXHBIX U 3((PEeKTUBHBIX CPEACTB MOBBILICHHUS KauecTBa
MOJTrOTOBKY CIIELIMAINCTOB C BHICIIUM 00OPa30BaHHUEM.

Lenbio Hay4HOI pabOTHI CTYACHTOB SIBJISIETCS MIEPEX0]] OT YCBOCHHS
TOTOBBIX 3HAHMHA K OBJIAJCHUIO METOJAMH IOJYyYEHHs HOBBIX 3HAHMH,
npuoOpeTeHne HABBIKOB CaMOCTOSITEIILHOTO aHallM3a KOHCTPYKTOPCKO-
TEXHOJOTMYECKOTO 00ECICUeHNsI COBPEMEHHBIX MAallMHOCTPOUTEIBHBIX
IIPOM3BOJCTB C MCIIOJIb30BAHNEM HaYYHBIX METOUK.

OcCHOBHBIE 3aJ1a41 HaAyYHOU pabOTHI CTYICHTOB:

a) pa3BUTHE TBOPYECKOTO M aHAJUTUYECKOTO MBIIUICHUS, paciupe-
HUE HAYYHOTO KPYyro3opa;

0) mpUBHTHE YCTOWYHMBBIX HABBIKOB CaMOCTOSATEILHOW HAy4yHO-
HCCIIEA0BATEIHLCKON PabOTHI;

B) MOBBINICHNE KAYECTBA YCBOCHHS U3yYacMbIX JTUCIIUILINH;

') BEIpaOOTKa yMEHUs IPUMEHSTh TEOPETHUECKHE 3HAHUI U COBpE-
MEHHBIE METO/Ibl HAYYHbIX HCCIIEOBAHUN B MHKCHEPHOH IS TEIbHOCTH.

Hayunass paboTa CTyOeHTOB monpasfensercs Ha Yy4eOHo-
HCCIIEI0BATENbCKYI0, BKIIOYaeMyI0 B y4eOHBII Iporecc 1 MIPOBOIUMYIO
B yueOHOe Bpems (YUPC), n HaydHO-MCCIIEOBATENHCKYIO, BBIOIHSIE-
Myto Bo BHeyuyeOHoe Bpems (HUPC).

Yuebno-uccneoosamensvckas paboma BBHIIIOTHICTCS CTYyIEHTAMH 110
y4eOHBIM TUIaHaM TOJ PYKOBOACTBOM MPO(ECCOpOB M IMpernogaBaTeieH.
DopMel 3TOI pabOTHI:

a) pedeprupoBaHre HAyYHbIX M3IaHUH, TOJATOTOBKA 0030pOB MO HO-
BHUHKaM JIUTEPATYyPBI;

0) BBICTyIUIEHHE C HAyYHBIMH JOKJIAJaMH W COOOIICHHWSIMH Ha ce-
MHUHapax;

B) HallMCaHWE KYpPCOBBIX PadOT, COIEpXalliX 3JIEMEHTHl HAyYHOTO
HCCIIEIOBAHUS;

T') IPOBEACHUE HAYYHBIX MCCICAOBAHHUN MPH BHIMOJTHEHUU JHUIIIOM-
HBIX padoT;

1) BBIITOJTHEHUE HAYYHO-MCCIICOBATEIILCKUX PaboT B mepruoa y4aeo-
HOW NPAKTHUKH U CTaXKUPOBKH.



Hayuno-uccredosamenvckas paboma cmyoenmog, BHIIIOTHIEMast BO
BHEY4YeOHOE BpEMsI, BKITFOUAET:

a) paboTy B HAYYHBIX KPY)KKaxX U MPOOJEMHBIX IpyIIiax, co3/iaBae-
MBIX TIpu Kadeapax;

0) ydacTHe B Hay4HO-HCCJIEIOBaTENLCKUX paborax mo Kadeapaib-
HBIM TEMaw;

B) BBICTYIUICHHS C JIOKJIaJaMd M COOOIIEHMSMU Ha Hay4yHO-
TEOPETUUECKUX M HAyYHO-NPAKTHYECKUX KOH(PEPEHUUIX, TPOBOAUMBIX B
BY3E€;

') yJyacTHe BO BHYTPUBY30BCKUX, MEKBY30BCKUX, PETHOHAIBHBIX U
peciryONMKaHCKUX OMUMIIMAAaX M KOHKypcax Ha Jy4Ilyl0 HaydHYIO pa-
oory;

1) IOJITOTOBKA MyOJIMKAIMHA 10 pe3ysibTaTaM MPOBEACHHBIX HCCIIe-
JIOBaHUM;

€) pa3paboTka M M3rOTOBJICHUE CXEM, TaOJUIl, CJIai0B, (HILMOB,
HarJIIHBIX TOCOOMH 1711 y4eOHOTOo mpolecca;

X) M3ydeHHe u 000O0IIeHHE MEepeJOBOro OMbITa MPAKTUKU KOHCT-
PYKTOPCKO-TEXHOJIOTUYECKOr0  O0ECreyeHnsi MAallMHOCTPOUTEIbHBIX
MIPOU3BO/CTB;

3) IepeBOAbI TEKCTOB (MOHOTpaduid, ctareit u ap.).

®opmamu peanuzaiuun YUPC u HUPC sasnstores: pedepar, nok-
nan, cooOmieHue Ha KOH(EpEeHIMH WM 3aceJaHud HAyYHOTO KpPY>KKa,
KOHKYpcHasi pa0ora, myOnuKaunus, HarjsiiHble mocoOust iss y4eOHOTo
nporecca, Kypcosas padoTa, BEIITyCKHas1 paboTa GakalaBpa, IUIUIOMHAsS
pabota, MarucTepckas quccepranus 1 JIp.

OcHoBHas (opma opranmzanmn HUPC — cryneHdeckuii HaydHBIH
KPYXOK Ipu Kadenpe. I'1aBHBIM colepKaHUEM IESTEIbHOCTH KPY’KKa
SIBJISIETCS BHIIIOJHEHUE BO BHEYUYEOHOE BpeMsl HAyUHBIX MCCIICAOBAaHUMN T10
omnpeesieHHOH Kadeapamu TeMaTHKe.

Hay4nbiM pykoBozuTeneM KpykKKa Ha3HAudaeTcs IperojaBareib
kadenpel. OH pyKOBOJUT HCCIIENOBATENBCKOM pabOTOH CTYyIE€HTOB, 00ec-
[IEYMBAeT MOArOTOBKY UMHU Hay4HBIX JOKJIAZO0B M COOOILEHHUH, OpraHu3y-
€T UX 3aCiIyllMBaHKuEe U 00CYK/IE€HHE Ha 3aCeaHuM KPY>KKa, IpeacTaBIe-
HHUE JIy4YIIUX CTYIEHYECKHX pabOT Ha KOHKYPChl M KOH(EpEeHIMH, Ipu-



BJIEKaeT K paboTe co CTyJeHTaMH MpodeccopoB U Mpernojapareiel Ka-
(dbeapsl, OpraHu3yeT MacTep-KIacChl YICHOB KPYXKKa ¢ U3BECTHBIMU CIIE-
UATUCTAMH.

Hpyras popma opranmzanun HUPC — nmpobinemHO-HCCIen0BaTEIh-
CKHE IpyIibl U3 3—5 CTYJCHTOB, KOTOPBIMU PYKOBOAAT mpodeccopa, 10-
LIEHTBI U JIpyrue paboTHUKU Kadenpbl. Bce oHM pa0oOTaOT MO OJHOW U
TOM ke TeMe. DTO JIaeT BO3MOXKHOCTh OOBEIMHEHHBIMU YCUJIMSIMU B KO-
pOTKHU# cpok AP PeKTHBHEE BHIMOTHUTH TPYI0EMKOE UCCIIEIOBAHHE.

BOl'IpOCbI AJIs1 CAMOKOHTPOJIA

1. Bunmel Hay4HO-MCCIIEIOBATEILCKONW JAEATENFHOCTH OakanaBpa B
cootBetcTBuU ¢ OI'OC BIIO.

2. Buasl Hay4HO-HCCIIENOBATEIbCKOW AEATENbHOCTH Marucrpa |
acrmupaHTa.

3. Dransl HOATOTOBKH HAay4YHBIX KaapoB B Poccuu.

4. KanudukanroHHbIE YPOBHHU YUEHOTO, YUCHBIE CTETICHH U 3BaHMUSL.

5. TpeboBanus, mpenbsBIsEMblE K AUCCEPTALUSAM: MarbucTEPCKOM,
KaHJIUAATCKOM, TOKTOPCKOM.

6. Kakue sneMeHTH BKIIOYAeT HAyYHO-HCCIEAOBaTeIbcKas paboTa
CTYJIEHTOB?

7. ®opMBI HAYYHO-UCCIEA0BATENLCKON paOOTHI CTYICHTOB.
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