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KoHncnekt neknuid sIBASETCS OCHOBHBIM PYKOBOIAIIMM JTOKYMEHTOM
JUI. MATUCTPAHTOB BCTYMAKOIIUX K TBOPUYECKOW HAYYHOM JeATenbHOCTH. OH
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JaeT MPEICTABICHUS O KPUTEPUAX HAYUYHOCTH B PEIICHUU 3a7a4 PA3JIMYHBIX
chep HayyHOU nesTenbHOCTH. Hapsany ¢ 3TUM B KOHCIIEKTE JAOTCS IMHUM C
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BBenenue

Hecmotps Ha Hanuuue O60raTtoi JIMTEpaTyphbl U CIIPABOYHOTO MaTepHaia MHOTHE
CHELMAIMCTBl 3aHUMAIOIIMECS HayYHbIM TBOPYECTBOM HCHBITBIBAIOT CEPBEZHBIE
3aTpyJHEHUS B [10100pe PYKOBOACTBA CBOEIO HAYYHOI'O IOUCKA. DTO OOBACHAETCS TEM,
YTO MOYTH BCE KHUTH, CYIIECTBYIOIINE B CBOEH 00JaCTH, JINOO ONMUPAIOTCS HA CIUIIKOM
00JbIION 00BEM TEOPETHYECKUX, MATEMAaTUUYECKUX 3HAHUM, JUOO HaMMCaHbl CTOJb
C)KaTo M HE KacaloTCs BOIPOCOB COOJIIOJICHHUSI OMPEIECICHHON CTPOTOCTH M3JI0KEHHS
HAy4YHBIX MaTEpUaJOB MM HENOCTYIHBI uyuTaTento. HacTosimumit KOHCHEKT mpu3BaH
HEO0OXOMMOCTBIO TIOMOYb ACMIMPAHTAM, MaruCTpPaHTaM U YUTATEISM, 3aHUMAIOLIIMCS
HayyHbIM TBOpuUecTBOM. OH OCBEIIa€T HEKOTOpPhIE BOIMPOCH METOA0JIOTHUECKHUX
IIPUEMOB B BHIOPAHHBIX YUTATESAM 00JIACTAX HayKH. B TO *e Bpems He MpeTeH1yeT Ha
MOJIHOMY M3JIOKEHMsI MaTepuana T.K. Kaxaas oTpaciib HayKd HMEET CBOU
cnenupuyueckre TpedoBaHUs KaK TEKYIIHE TaK U MPOOJIEMHBIE.

YYuTBIBaeT TaKkKe MIMPOKOE HCIOIH30BAHUE BBIYMCIMUTEIBHON TEXHUKOH W B
CBA3M C 4eM, 0co00€ BHHUMAHHUE YHENsAeT MPUMEHEHUI0 MaTEMaTHYECKUX METOJ0B
o0paboTku wuHOpManMU. 31aech HUMeeTcss B BUAY d3(PQPEKTUBHOE BHEIPEHUS
KOMITBIOTEPOB B MCCIIEIOBAHUAX MO MAIIMHOCTPOCHHIO, B XMMHYECKON TEXHOJOTHH,
MEJUIIMHE, CEIbCKOXO3SICTBE, TUTEPATYPOBEACHUH, B PEIIEHUU TPAHCIIOPTHBIX 3ajad,
HSKOHOMUKE, COL[UOJIOTUH U P IPYTUX 00JIaCTIX HAYKH.

Tema Nel. IIpeamer kypca. OCHOBHBIE OnpeesIeHUsl Kypca.

MeTom070THs HAYYHOTO UCCIISOBAHUS U IPOCKTUPOBAHUS — 3TO 0c00ast 001acTh
HAayKd OPEIMETOM KOTOPBIM SIBISIFOTCS METOAbl MMO3HAHUS M MpeoOpazoBaHUs
JACUCTBUTENBPHOCTU. METO0/I0THsl HampaBlieHa Ha aHAJIW3 HAYYHOT'O, TEXHUYECKOTO
3HaHUA WM JEATEIbHOCTH Ha pa3pabOTKy PEKOMEHIAlUd W TMpaBUI OCYIIECTBICHUS
HOBBIX BUJIOB HCCJIEIOBATENbCKON U MMPOEKTHOM pabOThI, CO3/1aHUE CPEJCTB, IPUEMOB U
MOHSITHIHBIX CXEM 3TUX JACSITeIbHOCTEH, onpeseneHrne GopM opraHu3alii HaAyqHOTO U
TEXHUUYECKOTO 3HaHMS (HOpPM, 00pasloB, HjicaioB). MeTojosiorus MNepBOHAYAIBHO
paccMaTpuBajIoCh JHIIb Kak o0sacte guiuocodckoid Hayku. B HacTosiiee Bpems B
METO/IOJIOTUY IPHUHATO Pa3IndaTh TPH YPOBHS.

Ilepswiii ypogens. Punocodckas METOIOIOTHS aHAIMZUPYET OOIIUE MPUHITUIIHI
MO3HAHMSI U KaTETOPUATBHYIO CTPYKTYPY HAyKH W TEXHUKH B IEJIOM C TOYKU 3PEHUS
3aKOHOMEPHOCTEH, XapaKTEpHBIX HE TOJBKO Ui HAYKH, HO M IS YEIOBEUYECKOTO
MBIIUJICHUSI W JEATENBHOCTH BooOmie. B Hell ocyliecTBisieTcss HHTEpIpeTarus
pe3yJIbTaTOB HAYKU U TEXHUKHU.

Bmopoti VPOBEHD. OobuieHay4Has METO0JIOTUsI pa3zpabaThIBacT
METOJI0JIOTUYECKUE MPUHIUIIBI, O0IIME AJis1 BCeX (WM AJii MHOTHX) o0acTell HayKu U
TexHuku. OOIEHAYYHBIMU SBIISIOTCS TAKUE TTOHATHS, HAIPUMEP, Kak

uHbopMaIus,

BEPOSATHOCTb,

JIOTIOJTHUTEIHHOCTD,

CUCTEeMa,

MOJIeTIb U IPYTHE,




KOTOPBIE BBHIILIN 32 MPeIeiabl KOHKPETHBIX 00JIacTeil 3HAaHUS U CTaJIl OXBaThIBATh OoJjiee
IHUPOKUH Kinacce mpodsieM. OO1IeHayYHbIMA METOIaMU CUUTAIOTCS

KHOCpHETUYECKHUE,

JIOTUKO—MAaTEMaTU4YECKHUE,

CUCTEMHO—CTPYKTYpHBIE,

BEPOSITHOCTHO—CTATUYECKUE U JIP.

Tpemuii  ypoeenv.  CoenuainbHas  (KOHKPETHO-Hay4yHas)  METOAOJIOTHUS
MpeICTaBIsieT CcOOOW  COBOKYIMHOCTh METOAOB M  MPHUHIMIIOB  HCCIEIOBAHUS
(MIpOEKTUPOBaHUS) U TMPOLEAYp, MPUMEHIEMBIX B KAaKOH-IMOO KOHKPETHON Hay4dHOM
WIM TEXHUYECKOM obOnacTu. B 3TOM cMmbIcie MOKHO TOBOPHUTb U O METOIOJOTUU
pa3auuHbIX chep UHXKEHEPHOM MAESITENbHOCTH U HIpoekTupoBaHus. CyHIHOCTh
METOJOJIOTUYECKOTO aHall3a Ha JaHHOM YPOBHE 3aKJIIOYAeTCA B OpPraHU3alliU
METOJIOJIOTUYECKON WJIM TEOPETUYECKON 0a3bl pa3iUUHBIX HAYYHBIX WM MPOEKTHBIX
mucuuiuivH. [lepeHeceHne cpeacTB METOMOJOTHH € BBICIIMX YPOBHEN Ha HU3IIHME HE
ABJISIETCSI MEXAHUYECKUM, 3TH CPEJCTBA 00513aTE€IBHO JTOKHBI MOJIYYUTh MPEIMETHYIO
UHTEpOpeTannio W JopaboTky. CreuuanbHas METOJO0JIOTHS  HENOCPEICTBEHHO
COOTHOCHUTCSI C METOJMKON M TEXHUKOM MCCIEAOBAHUA U NpPOeKTUpoBaHusd. Ilpu stom
METOJOJIOTUIO CJIEAYET OTJIMYaTh OT METOAUYECKOM JEATEIbHOCTH B KOTOPOM
OCYILLECTBIISIETCA ~ NPWIOKEHHE, pealn3alus CHEUUAIBHBIX  METOJOJOTUYECKUX
PEKOMEH IAIUM.

Meroauky, COpaBOYHUKM, KAaTalOTW, THUIOBBIE pACUYEThl, PYKOBOMISIIUE
CTaHIapThl W padouyWe  HWHCTPYKLUMHU  HEMNOCPEACTBEHHO  PErJIaMEHTHUPYIOT
HCCIIEIOBATENIbCKYIO U IIPOEKTHYIO NEATENbHOCTh. MeToanyeckas AesTeabHOCTh BCEraa
OpUEHTHpYETCS Ha HMEIoIuecs oO0pa3lbl, a METOJWYECKHUE TOJOKEHUS — 3TO
IpeanucaHusl K MOCTPOSHUI0 KONMUil ¢ 00pa3loB JaHHOM nesTenbHOCTH. Ecnmm ke To
WM UHOE HAIPABJICHUE €IlI€ HUKOIJa U HUKEM HE CTPOMJIOCH W, CIENOBATEIBHO, HET
o0pa31oB, KOTOpblE MOINIM Obl OBITH ONHMCAHBl B METOJWYECKUX IOJOKEHUSX, WIH
CYLIECTBYIOIIEIO OIBbITa HEJOCTaTOYHO, TO TPEOYIOTCS CHEUaIbHbIE (KOHKPETHO-
Hay4dHbI€) pa3pabO0TKu. MeToA0J0r TpaHCIUpyeT 00pa3iibl, MO KOTOPHIM MOKET OBbITh
IIOCTPOEHA COOTBETCTBYIOIIAsl KOHKPETHAs HMCCIEAOBATENbCKass WIM IPOEKTHAs
Mpolenypa U3 Apyrux o0iacTel HayKu Wi UHKEHEPHOU EATEIbHOCTH, U3 Pa3IUYHBIX
chep KynbTyphl, U3 UCTOpUH, ¢unocopun u T. 1. B ycioBusx nepexoja B phIHOYHYIO
DKOHOMHKY IEPEBOOPYKEHUS IMPOMBIIUICHHBIX TEXHOJOTHMM pOJb METONOJIOTUH
Hay4HOT'O MCCJIEIOBAHUSA U IIPOCKTUPOBAHUS BO3PACTAET, T.K. IIOCTOSIHHAS IIEPECTPONKA
MIPOU3BOJICTBA, OBICTPOE COBEPIICHCTBOBAHWE TEXHUKUM M TEXHOJOTMH TPEeOyIOT OT
YYEHOTO, WHXKEHEpAa, IPOCKTUPOBIIMKA TAKXKE€ U IIEPEOPUCHTALMHU €ro 3HAHUU WU
yMmMeHuil. HMEeHHO Takyl0 NEepeopHeHTalHui0 U MOOWJIBHOCT U 00ECleuyuBaeT
METOOJIOT USI.

B3aumoCBA3b TEXHUKHM, TpPyJa M 4YEIOBEKA, W3MEHEHHUS KaXIO0r0 M3 ITUX
COCTaBHBIX JJIEMEHTOB NPOMU3BOJCTBA M XapaKTepa MX BO3JICUCTBUSA APYr Ha JApyra —
BOT KOMIUJIEKC OCTPEMIIHX NpoOJeM COBPEMEHHOCTU. SIBISISICH CO3JaTENEM HOBOM
TEXHUKH, CYOBEKTOM HAyYHO-TEXHUYECKOTO MPOLECCA, YEIOBEK BMECTE C TEM U OOBEKT
BCEX KAK CO3MIATEIBHBIX, TAK W Pa3pyLIMTEIbHBIX MOCIEACTBUM MpOrpecca HaAyKu H
TEXHUKU. Benp HaydYHO-TEXHWYECKMM NPOTPECC OKa3bIBAECT BIMSHUSA HE TOJBKO Ha




BEILIECTBEHHBIE AJIEMEHTHI NMPOU3BOAUTENBHBIX CUI—TEXHUKY, TEXHOJIOTHIO, IPEIMETHI
Tpy/Jla — HO ¥ Ha IIEPBYIO OYEPEb POU3BOJUTENBHYIO CHIIy—UEI0BEKA.

VMIMeHHO ycnexu HayKM W TEXHUKH TIO3BOJIMJIM COKpPAaTUTb CMEPTHOCT,
YBEIUYHUTh NPOJOJDKUTENBHOCT JKU3HU JIFOACH, INPOMIUTh IEPUON HX aAKTHUBHOU
TpynocnocodHocTd. HoBble 1 OypHO pacTyliue OTpaciii HayKd U TEXHUKH CO3JAI0T
IIPEANOCBUIKY Ul PaJAMKAIbHOIO BO3JCHCTBUS HAa HMHTEIUICKTyaJbHBIE BO3MOXHOCTHU
mojiei. B 0003pruMoii mepcnekTUBe CTAHOBUTCS PEAIbHOCTBIO HCIONIb30BaHue DBM Bo
BCEX OTpaCisIX XO3SHUCTBEHHOM M HHTEJUIEKTyaJIbHOM >KU3HU (HAmpHUMep, TIa3eThl,
KypHajbl, KHUTH TOTOBATCS K BBIMYCKY Ha OBM). Bmecre co 3HauMTEIbHBIMU
YCIIEXaMM DJJIEKTPOHUKU M TEXHHUKHU CBSI3U OTO NPUBEAECT K KOPPEKTHBIM HU3MEHEHHUSIM
CUCTEMbl OOYYEHHMsI, PEBOIOIMOHUZUPYET (POPMBI, OOBEMBI U METOAbI MOCTYIUICHUS
Pa3HOOOpa3HBIX BUI0B HH(GOPMAIIMH YETIOBEKY.

Ecnn TexHuka KpYyNMHOTO MNPEANpUSATHS HEU3MEPUMO yCcHiMBaja (u3uueckue
CHOCOOHOCTH M BO3MOKHOCTH Y€JI0BEKa, TO CO3/AaBaeMast Ha 0a3e Hay4HO-TEXHUYECKOU
PEBOJIIOLINY TEXHUKA 110 00pa0OTKE U MOITYYEHUIO HHPOPMALIUU U TEXHUKU CBSI3U PE3KO
HNOBBIIAIOT 3()(PEKTUBHOCTh HCIOIB30BAaHUS HMHTEUIEKTYAJIBbHBIX CIOCOOHOCTEN U
BO3MOXHOCTEW YEJIOBEKA.

Tema Ne2. Ucxoanbie (Ha4aibHbIe) MOHATHSI METOA0JI0TMHM HAYKH. HAYYHOH
AeSITeJIbHOCTH M HAYYHOT0 TBOP4Y€CTBA

HccnenoBanue mnpobieM B3aUMOJEHCTBUS M B3aUMOCBSI3M TEXHUKH, TpyJda U
YeJl0BEKa UMEET HE TOJILKO TI03HABATENIbHOE, HO U OOJIBIIIOE PAKTHUECKOE 3HAHUE.

B skoHOMHuYecKOl aHuTEpaType HEOJHOKPATHO OTMEYAJIOCh Ba)KHOE 3HAYEHHE
UCCIEIOBaHUS  TPO(PECCHOHATBHO-KBATM(DUIIMPOBAHHBIX W 00pa30BaTeIbHBIX
(oOreoOpa3oBaTeNbHBIX U MOJUTEXHUYECKUX) CIBUTOB B coctaBe padbouux u UTP —
CABUTOB CBSI3aHHBIX C M3MEHEHHUEM TEXHMYECKOrO YpOBHS Mpou3BoAcTBa. OIHAKO Ha
MyTH UCCJIEI0BATENS 3TOTO KOMILIEKCAa MPOoOJieM BCTAET LEIbIA psAJl METOAO0JIOTHYECKUX
TpynHoctell. [lepsas 3akioyaerca B TOM, 4YTO JOCTaTOYHO HAJIEKHOE OIMUCAHUE
o0pa3oBaTeNbHBIX U MPOJEecCHOHATBHO-KBATH(PUKAITMOHHBIX XapaKTEPUCTUK HAYIHBIX
COTPYIHUKOB TpeOyeT BBISIBICHUS U KBaTU(PUKAIUKW MHOTUX KpailHE IJIOXO
MOJJIAIOIINXCA KOJIMYECTBEHHOW WHTEpnpeTauud mnpu3HakoB. I[lomumo 3toro, s
o0oO0maronie XxapakTepUCTUKH 3TH MPU3HAKH HYKHO MHTETPUPOBATH, COOTBETCTBEHHO
B3BECMB HX II0 BEChbMa TPYIAHO ompenenseMblM Becam. OnpeneneHue BeCOBON
KaTeropuu OTHIO/Ib HE OTHOCHUTCS K CHOPTUBHOM KBaJU(pUKaUUU. 371€Ch LIUPOKO
NOHMMATh TaK, YTO ONPEJEICHHE BECa O3HAYaeT YPOBEHb TEOPETUYECKON 0a3bl
Hay4yHOro pabOTHHUKA IO MpeaMeTaM MporpamMmbl 00pa3oBaTEIbHOrO KOMILJIEKCA, a BO-
BTOpBIX, MpakTUyeckas Oa3a, T.€. OCBOCHHME TEOPETHUUECKOM Oa3bl B HaTYpHBIX
BEILIECTBEHHBIX MPUCIIOCOOJIEHUAX WM OCBOEHUE B MPUOOpaxX U APYrMX COBPEMEHHBIX
anmnaparypax.

Bmopas mpyonocmo 3aknrodaeTcsi B ONpPENESIEHUN aJeKBATHBIX XapaKTEPUCTHK
TEXHUYECKOTO  YPOBHS  MPOM3BOJACTBA, KOTOPOMY  JIOJDKHBI — COOTBETCTBOBATH
OnpeeIeHHbIC 00pa3oBaTeNbHO-KBATH(PUKAIIMOHHBIE  XApPaKTEPUCTUKUA  JIIOZCH
3aHUMAIOIIUXCSl HaydHOW pabGoTtoi. Ecim MBI XOTHM MOJXY4YUTh 53TH HamOojee
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JOCTOBEPHBIE JAaHHBIE MO PEAJbHO CYIIECTBYIOIIMM IMPOU3BOJCTBAM — a TOJIBKO TaK
MO>XHO HaJIe)KHO OLIEHUTh pEallbHbIE CABUTH, - TO 3Ta TPYIAHOCTh B CBOIO OYEpE/b
UMEET JIBe CTOpOHBbI. [lepsas, Oojee JErko OJ0JHUMas, - 3TO OMNpPEACIIEHUE CaMbIX
XapaKTEPUCTUK TEXHUYECKOTO YpOBHA. Bmopasa, HeuaMepuMo Oosiee CIOXKHas
nmpobjsieMa — JTO BBIJICICHHE B “B  YHUCTOM BHJIE” HECKOJBKO IPOU3BOJICTB
COOTBETCTBYIOIIIMX C TEM, UTOOBl CpaBHMBas COOTBETCTBEHHO 0O0pabOTaHHBIC
XapaKTePUCTUKU  OMNpPEJEIUTh HCKOMBbIE JIUHAMHYECKUE TEHACHIMU Pa3IMYHBIM
YPOBHSIM TEXHMUYECKOI'O Pa3BUTHS, PEAJIbHBIN KU3HU TAaKHE “‘UUCThIE” MPOU3BOJICTBA,
OTJIMYAIOIIUECS UMEHHO U TOJIBKO JAHHBIM YPOBHSIM TEXHUUECKOTO PA3BUTHUS, IOYTH HE
BCTPEYAIOTCS.

Tpemvsa mpyonocms  JJid TIONY4YE€HHUs] OTBETAa Ha MOCTABJIEHHBIA BOIPOC, KaK
HAy4YHO-TEXHUYECKUN TIporpecc Oydem BO3JEHCTBOBATH HA XapakTep Tpylna u
COOTBETCTBEHHO Ha YEJIOBEKA, HY’KHO HE TOJbKO OLICHUTb, KaK JAHHbIA TEXHUYECKU
YPOBEHb BIMSIOT Ha TPYJ M HA YEJIOBEKA, HO TAKXKE OIMPENENUTh TOT YACJIbHBIA BEC
MPOMU3BOJACTBA JaHHOro Tumna. [Ipu oleHke HX claeAyeT YecTh BBICOKHHA YPOBEHBb
aBTOMATHU3AlMK IPOLIECCOB Nepenayd MHPOPMALMK O COCTOSIHUM BCEX MEPEMEHHBIX
BEJIMYMH, XapaKTEePU3YIOLUIUX XOJ TEXHOJOTMYECKOro Mpoliecca, HEOOXOAMMO TaKkKe
IIPUHATHL BO BHHMMAaHUE NIE€PBOOUYEpENHOE BHeapeHns OBM uUMEHHO Ha J3THX
MIPOU3BOACTBAX.

TakoBbl OCHOBHBIE METOJOJOTUYECKUE TPYAHOCTH OIpPEACICHHS] CIBUIOB B
COCTaBE HAYYHBIX PAOOTHUKOB JEUCTBUTEIIBHO MMEIOIIMX KEJIAHHUSIX U CIIOCOOHBIX K
HAay4YHOW JEeSATEIbHOCTH, W, HA0OOPOT HE JKEIAIIIMX, HO CIIOCOOHBIX K HAy4HBIN
nesTenbHOCTU. ECTh U TpeThs rpyIina JroAeil UMEIOIINX KeJlaHue, HO He CIIOCOOHBIX K
Hay4yHOMY TBOpYecTBY. KOHEUHO, €CcTh, M YETBEpTas IpylIiia KOTopas HE KEJIAeT U HE
crioco0Ha BECTH HayuHYyI0 paboTy. Takue, HHOTa MONaAaloT, HO JOJT0 HE yIepKaThCs
Cpellu KOJUIEKTUBA HayYHBIX pAOOTHUKOB.

Boobmie, memoodonocuss — 5TO, BO-TIEPBBIX, YYEHHE O METOJE, CIOCo0e
UCCJIEIOBAHMS, BO-BTOPBIX, COBOKYIHOCTb NPHEMOB, METOJIOB HCCIEIOBaHUA,
MIPUMEHSIEMBIX B KAKONU-HUOY b HAYKe.

MHorue WHXEHEPHO-TEXHUYECKHE PAOOTHUKHU, CTYACHTHI W  aCHUPaHTHI
UCTIBITHIBAIOT CEPbE3HBIE 3aTPYJHEHHUS B BbIOOpE METOMOJOTHUUYECKUX IPUEMOB
pElIeHUs] Hay4YHO-TEOPETUYECKHUX 3aJad. OJTO OOBICHAETCA TaK, YTO HU B KaKOU
HAy4YHBIH cdepe He CYHIECTBYIOT KOHKPETHBIE METOJbl HCCIEeIOBaHUS OOBEKTa U
MOJIyYeHUH O0KHJaeMoro pesyibrara. Ho MoOsiBIEHHE 3IEKTPOHHO-BBIYUCIUTEIBHBIX
MalldyH W WX HIMPOKOE  HCIOJIb30BAHUE B PA3NIUYHBIX CIOXKHBIX TEXHUUYECKHX,
TEXHOJIOTHYECKUX, SKOHOMUYECKUX, XUMUKO-OMOJIOTUYECKUX, U JaKE B METUIIMHCKHUX
3a/layax MOBBICUJIM TPEOOBAHUS K MAaTEMaTHYECKOM MOArOTOBKE crieliaincToB. Hapsay
C MaTeMaTH4YEeCKON MOJArOTOBKOW M BHEJIPEHHEM BBIUYMCIUTEIBHOW TEXHUKU HAy4YHBIE
paboThl MOMYYWIM HEKOTOPYIO CHUCTEMATH3AlMIO B BHUJIE OOBEKT — MATEMaTUYCCKUU
METOoJ1 — pe3yJibTar. Takum 00pa3oM, B HAyUHbIX pa3pabOTKaX OCHOBHBIM COJIEPKAHUEM
ABJISIETCSl pa3pa0OTaHHbIM MaTemMaTH4eckui anmapar. Takas mociIeqoBaTebHOCTh
dhopMupoBaIM HaydyHOro pabOTHHUKA JI0OOOr0 MpoduiIs U aHAIU3 PE3yJIbTaTOB JaBal
3¢ PeKTUBHBIC BHIBOJIBI.

N3yyenue o0O0bEKTa MPOBOAMUTCS AHAIM30M TEXHOJIOIMYECKHMX IPHUEMOB,
BBISICHEHUST W BBIJCJCHUS OCHOBHBIX TIapaMETpPOB TEXHOJIOTHH, OIpeaeTIeHUs
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T€OMETPUU TMapaMeTpPoB, (U3UKO-MEXAHHMYECKOW W JAPYTHe 3aKOHBl W3MEHEHUS
napamMeTpoB, cOopa CTaTHYECKUX U JAUHAMUYECKUX XapaKTEPUCTHK, BbIJICICHUE
pacipeesieHHbIX U COCPEJOTOYEHHBIX MapaMeTpoB U T.A. [Ipu yem Henb3st 3a0bIBATH,
YTO HE BCE MMapaMeTPbl TEXHOJOTUH MOAIAIOTCS K TAKOMY aHAIH3Y.

3atreM mepexoAs K AaHAJIUTHYECKOMY COCTaBJICHUIO YpPAaBHEHHM, MOXeM
YTBEPAUTH, YTO MATEMATUYECKOE OMUCAHUE TEXHOJOTMYECKUX, XUMHUUYECKIX, XUMUKO-
TEXHOJIOTHYECKUX W JPYTUX OOBEKTOB MPHUMEHSIOTCS I BBIOOpPA ONTHUMAaIbHBIX
PEKUMOB WX pabOThl, TOCTPOEHHUS CHUCTEM AaBTOMATHYECKOTO YIIPABICHUS U
MPOCKTUPOBAHMS HOBBIX KOHCTPYKIMI ammapartoB. B mpoekTe pa3BUTHS Teopuu
ABTOMATUYECKOTO PETyJUPOBAaHUS M paACHIUPEHHs] (DYHKIIMH CHCTEM YIPaBICHUS
M3MEHSUTUCh M € T O 1 O JI O T U 5 UCCJENOBaHUsS OOBEKTOB, TPEOOBAaHUSA K BUAY U
XapaKTepy YPaBHCHHWH CTATHKU W JUHAMUKH, BXOJSIIUX B COCTAB MAaTEMaTHYECKOTO
omucaHusi OOBEKTOB.

[Ipy mnocTpoeHHss CHCTEM AaBTOMATHYECKOM  CTaOMIM3alUUd  OTAEJIbHBIX
TEXHOJOTUYECKUX MapaMeTpoB (KOOpJIMHAT) TpeOOBajJoCh, KaK IPaBUJIO, 3HAHHE
CTaTUKU U JWUHAMUKHU JIMIIb B Y3KOM ‘“‘pabodeM” uamazoHe M3MEHEHUs BXOJHBIX U
BBIXOJIHBIX KOOpJMHAT. J{Jisl pelieHus 3To 3a1aun TPUMEHSIIUCH 3KCIIEPUMEHTAIbHbIE
METO/Ibl M3yUYCHHS CTATHYCCKUX U TUHAMUYECKUX CBOMCTB 00BEKTa. DTH METOIbI YaIlle
Bcero 0a3upyroTcs Ha TPEANOJIOKEHUH O JHHEHHOCTH W COCPEIOTOYCHHOCTH
rmapamMeTpoB 0O0BEKTOB, HEU3MEHHOCTH O BPEMEHHU €T0 JUHAMHYECKHX U CTaTHYECKHX
XapakTepucTuK. [IpuHATHE OTUX JOMYIIEHWH TO3BOJISIET CPaBHUTEIHLHO MPOCTO
OMHCHIBATH HAOJI01aeMbIe TTPOIIECCHl TUHEHHBIMU AU(depeHITnaTbHBIMI YPABHECHUSIMU
C TOCTOSIHHBIMH KOd(hduimeHTamMmu U anreOpandecKuMu 3aBUCHUMOCTSIMHU. [lpu
AKCIIEPUMEHTAIILHOM TMOJX0JI€ K COCTaBJICHUI0O MAaTEMaTUYECKOTO OIHMCAHMS BCEra
TpeOyeTcs MOCTaHOBKA OMBITOB HETIOCPEICTBEHHO HA N3Yy4aeMOM OOBEKTE.

Tema Ne3 JlocTOMHCTBA, HEIOCTATKHU IKCIIEPUMEHTAJIBLHBIX METO/10B
HCCJIeI0BAHUSA 00bEKTOB

JIOCTOMHCTBOM 3KCIIEPUMEHTAIBHBIX METOJO0B SBIAETCS UX MPOCTOTA U Majas
TPYAOEMKOCTh IIPU JOCTATOYHO TOYHOM OINMCAHUM CBOMCTB OOBEKTA B Y3KOM
Yara3oHe U3MEHEHUs KOOPIMHAT.

OCHOBHOM HENOCTAaTOK JKCIEPUMEHTAIBHBIX METOJOB — HEBO3MOXXHOCTH
YCTaHOBJIEHUS (DYHKIMOHAIBHOM CBA3M MEXKAY BXOMASIIMMHU B YPABHEHUS YMCICHHBIMU
napaMeTpaMM U KOHCTPYKTUBHBIMU XapaKTEPUCTHKAMU OOBEKTa, PEKUMHBIMU
MoKa3aTesiIMi  TIpoliecca, (PU3MKO-XUMUYECKUMHU CBOMCTBaMH TepepadaThiBaeMbIX
BemecTB.  Kpome  TOro,  IOIMy4YEeHHbIE  JKCIEPUMEHTAIBHBIMH  METOJAMH
MaTEeMaTHYECKOT0 OMMUCAHUS HENb3sl PACIIPOCTPAHITh Ha APYTHUe OJHOTUITHBIE OOBEKTHI.

[Tpu nepexone K ONTUMU3ALMH PEKUMOB PAOOTHl TEXHOJIOTHYECKHX OOBEKTOB H,
TeM Oosiee, K ONTUMAJIbHOMY KOHCTPYMPOBAHHIO ammapaToB TpeOyeTcs 3HaHUE HX
XapaKTEpUCTHK B MIMPOKOM JIMAMA30HE U3MEHEHHUS TEXHOJOTUYECKUX KOoopAuHaT. [l
ATOTO COCTAaBISIIOT MaTEMAaTHYECKOE OINHCAaHWE B YPAaBHEHHE KOTOPOTO BXOMST
KOHCTPYKTHUBHBIE M PEXKUMHBIE  MapaMeTpbl  OOBEKThl,  XapaKTEPUCTUKHU
nepepadaThIiBa€MbIX BelleCTB. MeTOoAbl COCTaBIEHUSI TAKUX YpaBHEHUM, HA3bIBAEMbIE
AHATUTUYECKUMH, 3aKJIIOYAIOTCS B TEOPETUYECKOM aHalu3e (PU3MKO-XUMHUYECKUX
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SBJICHUHM, TPOUCXONAIIUMX B OOBEKTEe, M COCTaBICHUM JUPPEepeHIUATbHBIX WU
KOHEUHBIX YpaBHEHUW COXpaHss BELIECTBA, DHEPIUM M HUMIIyJbCa. 1€M caMbIM B
MaTEMaTUYECKOM OINMCAHUM YYUTHIBAIOTCS OCOOEHHOCTH CKOpPOCTH IpPEBpaLICHUE
BEILIECTB, MEPEHOCA TEIJIAa U MACChl, PACIPEACICHUE TEMIEPATypbl U JABJICHHUS U TaK
nanee.

[TpuHiunuanbHas OCOOCHHOCTh 3THUX METOJOB 3aKJIIOYAETCSl B TOM, YTO A
COCTaBJICHHS] MATEMATUYECKOTO OMUCaHUsl He TpeOyeTCsl MOCTaHOBKA SKCIEPUMEHTA Ha
OOBEKTE, MOITOMY IMOSBISETCS BO3MOXKHOCTh HAXOXKJIEHUS YPaBHEHMH CTAaTUKU H
JUHAMHKA BHOBb IPOEKTHUPYEMBIX amlmapaToB M CTaHKOB. Kpome TOro, BbIBEICHHbBIC
AHATUTHYECKUM IyTEM YpaBHEHUS OJHOTO OOBEKTa NPUMEHUMBI IS OMHCAHUS
CBOMCTB JPYIMX OJTHOTHUITHBIX OOBEKTOB.

K HegocTaTkoM aHaJIMTHUYECKUX METOJOB COCTABJICHHS YpPaBHEHUN MOXHO
OTHECTHU HE BBICOKYIO TOYHOCThH OMHCAHUS CBOUCTB OOBEKTOB, OOJIBIIYIO TPYI0EMKOCTD
MOJIyYeHUS] YUCIICHHBIX 3HAaYEHUH NTapaMeTpOB MAaTEMaTHUYECKOTO ONMHUCAHUS, TPYAHOCTh
aHaJIM3 U HaXOXKJCHHUS PEIICHUN YPaBHEHU.

[Ipy aHAIUTUYECKOM COCTABJICHUM MATEMAaTHYECKOTO0 OMUCAHUA HEOOXOAMMO
3HaHue K03 dureHToB 1udPy3un, TemI000MeHa, KHHETUYECKUX KOHCTAHT PEeaKIui U
T.n. [ns ompenenenuss ux TpeOyeTcsi MOCTAHOBKA KOMIUIEKCA CIIOKHBIX M TOHKHX
1a00paTOpHBIX HccienoBaHU. Tak Kak MHOTME W3 MPOILECCOB, IMPOTEKAIOIUX B
00BbEKTaX, M3y4YyeHbl MOKAa HEAOCTATOYHO IMOJHO, TO MPU AHAIMTUYECKOM BBIBOJIE
YPaBHEHUN NPUXOAMUTCS J€JaTh YIPOIIAOIIME JIONYIICHHs, YTO CHHM)KA€T TOYHOCTH
MaTeMaTHYeCKOr0 ONUCAHUS.

[Tonyyaromuecs 0OpU HCIOJIb30BAHUM AHAIUTUYECKUX METOJOB YpPaBHEHUS
CTaTUKU U JUHAMUKH OOBEKTOB, KaK IMPaBUJIO, HE JMHEWHBI. J[JI HaXOXIEHUs HX
NPUOJIMKEHHBIX PEIICHUN MPUXOTUTCS TPUMEHSATH BHIYUCIUTEIbHBIE MAIIIUHBI.

CrpemieHne B KAakOM-TO Mepe YNPOCTUTh 3aJady OIpPEACIICHHUs YHUCIECHHBIX
3HAYEHUH, MNapaMeTpOB YPaBHEHUU CTATHKM M JUHAMUKH OOBEKTOB NPHUBEIO K
pa3zpaboTke AKCIIEPUMEHTAIbHO-AHATUTUYECKUX METOJI0B COCTAaBJICHUS
MaTEMaTHYECKOTO OMUCAHUSA. DTH METOJBI SIBISIFOTCSI KOMOMHAITMEH aHATUTUYECKUX U
AKCIIEPUMEHTATbHBIX CHOCOOOB TMOMy4YeHHs] YypaBHEHHH. McxonHble ypaBHEHHS
COCTaBIISIFOTCS HA OCHOBE aHamn3a (PU3UKO-XUMHUYECKHUX MPOLIECCOB, MMEIOIINX MECTO B
oObekTe. UWClIeHHbIE 3HA4Y€HUs [apaMEeTPOB YpPaBHEHUN  OMNPENEISAIOTCS 110
AKCIIEPUMEHTAIBLHBIM JaHHBIM, MOJTYYSHHBIN C 3TOT0 0OBEKTA.

[Ipy mnomobHOM TMOAXOAE K TMOJYYEHUI0O MATeMAaTHYECKOro  OIMUCaHUS
COXpAHSIIOTCSI ~ MHOTHE  MOJIO)KUTEIbHBIE  CBOMCTBAa  JKCIEPUMEHTAIbHBIX U
aHaJMTUYECKUX MeToAoB. OIHAKO HKCHEPUMEHTAJIbHO-aHAJTUTUYECKUE METOIBI
HEBO3MOKHO HCIOJb30BaTh JJISI COCTaBJIICHUSI MAaTEMAaTHYECKUX OINHCAHUN BHOBb
KOHCTPYUpPYEMBIX ~ OOBEKTOB. boie  Toro, HaifiecHHOE€  HSKCHEPUMEHTAIbHO-
AHAJIUTUYECKUM METOJIOB OIKMCAHME CIPaBEUIMBO TOJIBKO JIsi TOro OOBEKTa, Ha
KOTOPOM ITPOBOJIUJICS SKCIIEPUMEHT.

PaccMOTpUM IIpUEMBI COCTABIIEHHUS MATEMATUYECKOTO ONMCAHUS, OTHOCSIIHECS K
TPEM YHOMSIHYTBIM TpYyIIaM METOOB.



Tema Ned. AHaauTudeckue METoIbI HCCJIeI0BAHNA 00 HLEKTOB

AHaNUTHUYECKUMU METOJIaMU COCTABJIEHUS] MAaTEMATUYECKOTO ONUCAHUS OOBIYHO
Ha3bIBalOT CIIOCOOBI BBIBOJA YPAaBHEHUN CTaTUKMU M JAMHAMUKM Ha OCHOBE
TEOPETUYECKOTO aHaIu3a (PU3UUYECKHMX U XUMHUYECKHX IPOLECCOB, MPOXOASIIUX B
UCCIIETyEMOM OOBEKTE, M YYeTe KOHCTPYKIMM ammnapaTypbl U XapaKTEPUCTHKU
nepepadaTbiBaeMbIX BemiecTB. IIpu  BbIBOJE O3THUX ypaBHEHW HMCHOJIb3YIOTCS
(dbyHIaMeHTalbHbIE 3aKOHBI MEXaHUKH, COXPAHEHMsI BEIIECTBA M SHEPIUHU, a TaKxKe
KMHETUYECKUE 3aKOHOMEPHOCTH IIPOLIECCOB XHMMHMYECKUX NPEBPALLECHUN IMEepeHoca
TEIJIa U MacChl.

JInst cocTaBlIeHHsT AHATUTUYECKHMMHM METOJAMU MaT€MAaTHYECKOrO OINWCAaHUS HE
TpeOyeTcss TPOBENECHUS KAKUX-TMOO HKCIIEPUMEHTOB Ha OOBEKTE, IMOATOMY TaKue
METOJIbl MPUTOJHBI JJI1 HAXOXKICHHUS CTaTUUYECKHX M JMHAMUYECKUX XapaKTEPUCTUK
BHOBb KOHCTPYHPYEMBIX 00BEKTOB MPOLECCA, B KOTOPBIX JOCTATOYHO XOPOIIO U3yYEHa.

[Tapametrpsl  (k03((PUIIMEHTHI) COCTABICHHBIX YpPAaBHEHUN (YHKUIHMOHAIBHO
3aBUCAT OT OMNpPEACNAIONINX Pa3MEPOB TEXHOJOTUYECKOIO ammapara (IMaMmeTpoB, AJIUH
M T.J.), CBOMCTB 00pabaThiBa€MbIX BEIIECTB (TBEPAOCTEH, YNpPyrocre, MIOTHOCTEH,
BSI3KOCTEH M T.NI.) U BEJIWYMH, XapaKTEPU3YIOUIUX MPOTEKaHUE (U3UKO-XUMHUYECKUX
npoueccoB  (KOdQPUIMEHTOB CABUTa, MepeMenieHus, AeQpopMaluu, YOpPYyrocTH,
KOHCTAaHT CKOPOCTH peakiuil, ko3pduuueHt nuddys3uu, Temio U macca nepenadyud u
ap.). Hekoropele mapameTpsl ypaBHEHHI MOTYT ObITh OIPEJEIECHbI PACUETHBIM ITyTEM,
ApyTrUe HaXOAATCS C TIOMOIIbIO TEOPUH MOA00MS 1O pe3yIbTaTaM PaHEe BBITOJIHEHHBIX
7a00paTOPHBIX WM HATYPHBIX UCCIEIOBAHUI Kakoro-imbo mpouecca. B 6oibmmHCTBE
CJIy4aeB JUIsl TIOJyYEHUs! YUCIEHHBIX 3HaYeHU K03(pPUIMEeHTOB TpeOyeTcs MoCcTaHOBKa
CHELHAJIbHBIX JTAOOPATOPHBIX OIBITOB M0 M3YYEHHIO Ka)XJAOr0 U3 MPOUCXOJAIIMX B
00BEKTE MPOLECCOB, YTO CYIIECTBEHHO YBEIMYMBAET 3aTpaThl BPEMEHHU Ha MOTY4YEHHE
MaTeMaTU4YeCcKOro onucanusl. [ToNbITKM UCKIIIOUUTh U3 PACCMOTPEHMS WM YHIPOCTUTH
XapakTep HEKOTOPHIX SIBICHUN B OOBEKTE MPHUBOJAUT, KaK MPABHIO, K CHIKEHHUIO
TOYHOCTH MAaT€MaTHUYECKOI0 ONUCAHUS.

Kak oTmedanoch BbIll€, AQHAIATUYECKHE METOJbl HAdYajld HHTEHCHBHO
pa3BUBAaThCS BO BTOPOM IMMONOBMHE XX BeKa. DTOMYy CHOCOOCTBOBAH, BEPOSITHO,
CJIeIYIOIIUE TPUYHHBIL:

1) TpeGoBaHHS K CO3TaHUIO ONITUMAIIBHBIX KOHCTPYKIIMH U TEXHOJIOTHUECKUX
PEXKHUMOB;

2) MHTCHCUBHOE BHEJPEHHE CPE/ICTB BHIYUCIUTECILHON TEXHUKU U MaTeMaTH-
3alUs CIOXKHBIX OOBEKTOB;

3) mUpPOKOE HCIOIH30BaHNE KHHETUIECKUX 3aKOHOMEPHOCTEH (PH3HKO-XUMH-
YECKUX ABJICHUH, POLIECCOB U 3aKOHOB MEXaHUKH, TEILJIO U Macca Mepeiayu.

AHaIUTHYECKHUE METO/bl COCTABJICHUSI MAaTEMAaTUYECKOr0 ONUCaHUs 0a3upyrOTCs
Ha aHAJINW3€ W KOJIMYECTBEHHOM OLEHKE JABWKEHUS MPUBOJOB, BAJOB IMPUBOJHBIX
YCTPOMCTB, CKOPOCTEH (PU3UKO-XUMUUYECKHX MPOIECCOB, MPOTEKAIOIIUX B U3y4aeMOM
oOBekTe. MccneaoBanre 3JIeKTPUUIECKUX CXEM U JIEKTPOoo0Opy10BaHUM Oa3upyrOTCs Ha
OLICHKE BJIMSHUSA W3MEHEHUS DJIEKTPUYECKOM HArpy3KM Ha  3JIEKTPUYECKUE
XapaKTEPUCTHKU 3JEKTPONPUBOJOB, H3MEHEHHMS TOKa HAarpy3Kd Ha OTIEIbHBIX
AJIEMEHTAaX 3JIEKTPUUYECKUX CXEM, U3MEHEHMS JJIEKTPUUYECKOrO HAIPSHKEHUS W TOKa B
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3aBUCHUMOCTH OT M3MEHEHMsSI Harpy3ku T.J. K yuciay OCHOBHBIX MpPOILIECCOB XHWMHKO-
TEXHUYECKUX OOBEKTOB OTHOCATCS XHUMUYECKOE [MpeBpalleHue, IMepeMelleHue
BEILIECTBA, IEPEHOC TEMJIAa U MACCHI.

{151 OCBOEHHUS aHATUTUYECKOTO METO/IA BIBOAA YPABHEHNUW CTATUKUA U TUHAMUKHU
XUMHUKO-TEXHOJIOTUYECKUX  OOBEKTOB  TpeOyeTcss  3HaHME  3aKOHOMEPHOCTEH
MpeBpalieHue, MepeMENICHUE BEIECTBA, 3aKOHbl THAPOJAMHAMUKA W MHOTO(]a3HbIX
Cpell, 3aKOHOMEPHOCTH TIEPEMEIICHUS Ta3a MW 3aKOHbl H3MEHEHUS MEePEMEIICHUS
onHO(Ma3HBIX (T.€. TOMOTEHHBIX) MHOTO(a3HBIX (T.€. T€TEPOTE€HHBIX) Ta30BBIX CPEI,
3aKOHBI Ta30BOM M BOJHOBOW JIMHAMHKH B pa3iuyHbIX cpenax. [locnegnee Bkiroyaer B
ce0s ¥ pacrpoCcTpaHEeHUE CEeHCMUYECKUX BOJTH HA MOPE | Ha CYIIIE.

HecMoTpst Ha Hanmuuue OOraTtod JMTEpaTypbl IO MaTeMaTUYeCKOW (U3MKe
KBATH(UITUPOBAHHBIC CHEIUATUCTHI M WHKEHEPHI, padOTAIONIUE B MPOMBIIIICHHOCTH.
UCIIBITHIBAIOT CEPhE3HBIC 3aTPYJHEHUS B MOAOOpPE PYKOBOJCTBA IO AITOW BEIUKOU
OTpaciii TIPUKIIAJIHOW MEXaHUKU. B yHHBepcuTeTax Ha3bIBAlOT KypC YpaBHEHUS
MaremaTudeckoi pusuku. Ho OHM JalOT TOJBKO KJIACCUYECKHE METOJIbl MCCIEIOBAHUS
00OBEKTOB, YTO HH B KOEM CcCllydae HE JaeT BO3MOXHOCTh HX HEMOCPEICTBEHHOIO
MIPUMEHECHMUSL.

[Ipy HamucaHWM NaHHOTO KOHCIEKTa aBTOPbI MCXOIUIU M3 TOTO, YTO YUTATEIb
3HAKOM TOJIBKO C OOBIYHBIM KYPCOM BBICIIIEH MaTeMaTHUKU, U3y4aeMbIM B HAIIIMX BYy3aX.
ABTOpBI YWIM TaKXe, YTO YUTATEIb MOXET MHTEPECOBATHCS HE 0053aTEIIbHO BCEMH
3a/layaMy ¥ METOJIMKaMU MaTeMaTU4YeCKON (M3HMKH, pACCMOTPEHHBIX B JAaHHOM TPYIE,
a TOJIBKO TEMHU, KOTOPBIE UMEIOT HEMOCPEACTBEHHOE OTHOILIEHHUE K €r0 CIEIHAIBHOCTH.
VY MaructpoB, HampuMmep, OJHUX MOTYT MHTEPECOBaTh TOJHKO BOIMPOCHI KOJIEOAHWUIA,
OPYTMX — 3ajlaya TEIUIONPOBOAHOCTH, TPEThbUX CHUTHAIM3AlMUs B KPUTUUYECKHUX
cutyanusax. [Io3Tomy aBTOpBI HE MPETEHAYIOT 32 MOJIHOTY M3JIaraéMbIX MAaTEPHUAIIOB.

B cooTBeTrcTBUM C  OTKPBITHEM MAarMCTpaTypbl BO MHOTMX BY3aX CTpaHbl,
OOJBITIOC BHUMAaHHUE YJEJICHO METOJOJIOTHUYECKOE CTOPOHE HCCIICIOBAaHHE OOBEKTOB.
Hapsimy ¢ aTim GombIlioe BHUMaHWE YACICHO W (PU3NYECKON CTOpOHE Jerna. BBIBOABI
OCHOBHBIX YPaBHEHUH HM3JI0KEHBI JJOCTATOYHO MOJPOOHO, a MOTydyaeMble PEIIeHUs, KaK
MpaBUJIO, HMCCIEAYIOTCS ¢ (pusmueckod Touku 3peHwms. [locmegHee HE OTHOCHTCS K
OOIIIECTBEHHBIM W TyMaHUTapHBIM HAayKaMm, B YaCTHOCTH, MCCIEIOBAHUSM B 0OJACTH
MEJarOTUKA W TICUXO0JIOTUU. YUuTaTenb, MHTEPECYIONIMICA BOMPOCAMHU TaKOTO poja,
JIOJDKEH OOpaTUTHCSI K 0OJiee MOJHBIM U CIEIHAIBHBIM PYKOBOACTBOM. OHAKO Iaxe
IIPU 3TOM YHUTATENb JOJDKEH OCBOUTH JJIEMEHTHI BBIUYMCIWTEIBHBIX MAIIMH U MX
pabotel. lMcnonb3oBaHHME KOMIIBIOTEPHOM TEXHUKH MOXKET TOJIBKO YCKOPHUTH
MTOJTYYEHHBIX TEOPETUUECKUX PEUICHU.

Tema NeS. ITa/10HBI HAYYHOCTH 3HAHU I

Briciieit marematumyeckoil Ha3bIBalOT aud@epeHIuanbHOe U UHTETrpalibHbIE
WCYMCIICHUS, B OTJIMYHE OT aiareOpbl, FTEOMETPUU U TPUTOHOMETPUH. ToXKe SBISIOTCS
HAyKOM, HO NIEJaroru4ecKou 1o ceMy M METOJMKA OCBOCHUS U U3YUCHUE 3aKaHYMBACTCS
B CPEHEU IIKOJIE.
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OcCHOBHbIE TOHSTHS BBICIIEH MaTeMaTUKA TMPOM3BOAHAS U  HHTErpa-
HEOOXONUMBI JIJISi ONMUCAHUsl (PU3NYECKUX SIBICHHUM, MJI1 TOYHOM (HOPMYIMPOBKHU
3aKOHOB MPUPOJIBI.

OTU OCHOBHBIE TIOHATHUSA CTajdd HEOOXOJMMOM YacThl0 3HAHMM KaXJA0ro
KyJIbTYpPHOTO YeJIOBEKa Hapsay, MOHUMAHUEM TOT0, YTO HEU3BECTHYIO BEJIMYUHY
MOXHO 0003HAYuTh OYKBOW X u MPOUZBOAUTHL C JTOM OYKBOM airedpandeckue
neictBud. [loHaTue BhicIIe MaTeMaTHUKXA HEOOXOIUMBI BE3Jle, I/I€ Mbl UMEEM JIEN0 U
M3MEHSAIOMUMUCS BEIMYUHAMHU, (QYHKIIMOHAJIBHONW 3aBHCHUMOCTBIO OJIHUX BEJIIMYUH OT
TIPYTHX.

HayuHnas unes yCBOeHUs MaTeMaTUYECKUX MOHSATHM, IO CIIOBAM aKaJaeMuKa AKoB
BopucoBuya 3enpaoBruya, U3yuyeHUE 3JIEMEHTOB BBICHIEH MaTeMaTUKU Yyepe3 HarjsAHbIe
oOpas3bl U MPUIIOKEHUSI MaTEMaTHKH, a HE MTyTeM (POpMaJIbHBIX JOKa3aTeIbCTB. DTOMY B
00JIBIION CTENEHN CIIOCOOCTBOBAJIO MOSIBICHUE U MIMPOKOE BHEAPEHUE KOMITBIOTEPHOM
TEXHHKH.

DTO ujes ceryac CTaHOBUTCS OOIIECTTPUHATON BO BCEM MUPE.

[lepen nanpHEHIIMM H3JI0KEHUEM MbI OyZeM MpearnoaraTh, 4YTO YUTATENb yiKe
3HAKOM C OCHOBaMH TE€OPHH OOBIKHOBEHHBIX IU(PPEpeHIINaNbHbIX YpaBHEHUH, T.€.
YpaBHEHUH, CBA3BIBAIOIIMX HEU3BECTHYIO (DYHKIMIO OJTHOM HE3aBHCUMOW MEPEMEHHOM,
€€ IPOU3BOJIHBIE U CAMY HE3aBUCUMYIO IEPEMEHHYIO.

Teneps naguM HEKOTOpbIE CBeAeHUS O AU(epeHIUaNbHBIX YPaBHEHUAX C
YaCTHBIMHU TNPOU3BOAHBIMU. [luddepeHnnanbHoe ypaBHEHHE NEPBOro MOpsKa BUia

y=f (X\y) nMeer GeCUHCICHHOE MHOXECTBO DEILICHHIi, ONMpeIeIieMbIX (OPMYIIOi,
COZIEPIKALILYIO OJIHY HPOM3BOAHYIO TMOCTOAHHYIO: Y = ¢ (X,C) . Ananornyno obmee
pemrenne nudQepeHIransHOro ypaBHeH s BToporo mopsiaka: Y = f (XYY ,) comepxut
nse mpousBogHbie: Y = ¢ (X,Cq,C,). BhlmencHHe 4YacTHOTO PEIICHHUS MOXET OBITh
IIPOU3BEJCHO MYTEM 3aJIaHHsI HAYaJIbHBIX YCJIOBUW, KOTOPBIE JJIsi YPABHEHUI BTOPOIO
nopsiika OOBIYHO UMEIOT BU/]T

x=x0" yO yl|x:x0= yO

y

TTOACTABIISAS 3TH 3HAYCHUS X,y K Y B 00lIee PEIICHNE U B €ro MPOU3BOAHYIO, TIOTyIHM
JBa ypaBHEHUS JUIsl OTBICKAHMS MPOW3BONIBHBIX MOCTOsHHBIX C; m C, . ecnu mpasast
yacTh ypaBHeHHA-QyHKuEsA f (XYY ) — HempephIBHA B HEKOTOPOH OKPECTHOCTH
3HAYCHHIA X, Yo M Yo ¥ HMEET TaM HEelPEPhIBHEIC YACTHBIE IIPOU3BOIHbIC

S I

oy oy
TO CyIJleCTByeT CAMHCTBCHHOC 4YaCTHOC peHIeHI/Ie, YI[OBHeTBOpﬂIOH_[ee JAHHBIM
HadYaJIbHBIM YCJ_IOBI/IHM. B 9TOM C.quae FOBOpHT: HUMECT MECTO TeOpeMLI CymeCTBOBaHI/Iﬂ
M €IUHCTBEHHOCTH pemieHus. Ilouemy? Jla MOTOMY, YTO, 3TO YpPaBHEHHE HMMEET
yIOBIETBOPSIONIEE HAYAJIBHLIM YCIOBHAM pemenus. Iloatomy oHo, cymectByer! Tak
KaKk »3TO ypaBHEHHE HMEET OJHO €IWHCTBCHHOE pEIICHHE, YIOBJIETBOPSIOIIEE
Ha4dYaJIbHbIM YCJIOBI/IHM €0 Ha3bIBAKOT CO6HIO,Z[aIOHH/IX TeopeMy CANHCTBCHHOCTHU
pelIcHuUS.
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B nayynom moucke yacto OyayT BCTpedarbes JIMHEHHBbIE nuddepeHranibHble
ypaBHEHHS BTOPOTO MOPSIIKA.

J1Jis1 OMHOPOIHOTO ypaBHEHUS

y +a(x)y +b(x)y=0
o011ee peleHue ecTh JIMHEHHOE KOMOUHAITUS JIBYX €TI0 YACTHBIX PEIICHUN Y1(X) U Vo (X)
€CJIA TOJILKO 3TH PEIICHUS JIMHEWHO HE3aBUCUMBI (T.€. Y # KV1, T/l K - KOHCTAHTA):
y=Cuwy1+ Coy;
oO11ee pelieHrne HeOJHOPOTHOTO YPaBHEHUS
V" +a)y + by =fx)
- eCTh CyMMa KakOro-ubO €ro 4YacTHOTO pEIIeHHsS U OOIIero peeHus
COOTBETCTBYIOILETO OJTHOPOJHOTO YpaBHEHUSI.

B nayunoM TBopuecTBe BcTpedaroTcs aud@epeHIuanbHbe YpaBHEHHUS C
YaCTHBIMH TPOU3BOAHBIMHU, T.€. YPAaBHEHMs, COAEpXKAllhe HEU3BECTHYIO (DYHKIIMIO
HECKOJbKHX TMNEPEMEHHBIX U e€ YacTHbIC Mpou3BoAHbIE. OOBIYHO TIPUXOIUTCS
UMETh JIEJI0 C YPaBHEHHUSIMH I (PYHKIIUN BYX WM TPEX HE3aBUCHUMBIX TIEPEMEHHOTO
BUA:

ou  ou you_ou _yg
—+t——=0 ox 0 '
ox oy y
2
‘)_“_‘)_“Jr‘)_“:o, o’u 02u yu
ox’ 02 Ox sty =U
Y ox 0y oz

31eck x,),Z - He3aBUCUMBIC TIEPEMEHHEIE,
U — Heu3BecTHas (pyHKIIHS.

Mbl He crTaBUM Tiepen coOoM  3ajmauy  M3ydaTh  CIIOCOOBI  pelIeHU
muddepeHanbHbIX  YpaBHEHUH C  YacTHBIMM  MPOU3BOAHBIMH. Mpbl  Oynem
paccMaTpuBaTh TOJBKO T€ KOHKPETHBIE YpPaBHEHUS, J1a M TO JAJIEKO HE BCE, KOTOPHIC
CYIIECTBEHHBI i (U3UKU, MEXAHWUKA M TEXHUKH. VIMEHHO 3TH ypaBHEHUS B
yHUBepcUTeTaX (MO CHENUATbHOCTH TPUKIAJAHOW MAaTeMAaTUKH U MEXaHUKH)
Ha3bIBatOTCS AU epeHITnaTIbHBIMU YPAaBHEHUSIMH MaTEMaTHIECKON (PU3UKH.

OO6mmit Bua nmuHeHHOTO AU dEepEeHITNaTFHOTO YPABHEHHUS BTOPOTO MOPSIIKa TpU
YCJIOBHUH, YTO HEM3BECTHA (DYHKITHS 1 3aBUCUT OT JIBYX MIEPEMEHHBIX X U J , TAKOB:

2 2 2
A0 B2 +cO l;+D0“+Aau+FU=f(x,y) M
ox 0xQy oy ox dy

Msl npennosiaraeM, 4to Bce  KOd((UUMEHTH ypaBHEHUH MNOCTOsHHBL. Ho
OpUBOJAMMAs HUXKE KIacCU(pUKalUs JIMHEHHOTO YpaBHEHUs IIEPEHOCUTCS M Ha
YpaBHEHHUs C NEPEMEHHBIMU KO3()(pULIMEHTaMU, KOTOPbIE HAMH HE PACCMATPUBAIOTCSI.

bonpmHcTBO MU depeHIInaIbHbIX  YpaBHEHUNM MaTeMaTH4eCcKoW  (U3UKH
MPEICTABIISIET YACOBBIE ciTydyan 001ero ypaBHenus (1).

Tak, ecnu s equHOOOpa3us 00O3HAYEHUM BMECTO MepeMeHHbIN t (BpemeHM)
nucaTh MEPEMEHHYIO ¥, TO ypaBHEHHE CBOOOAHBIX KOJI€OaHUN CTPYHBI IPUMET BU/T

2 2
20U U o @
oX2 oy
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a ypaBHEHHE JIMHEWHOM (a He cepruyeckoit) 3aaaun TEIJIOMPOBOIHOCTH (3a/1a49a
Komm)

a2 0 u _ou _ 0 3)
oX2 oy
Haxkowel, ypaBHEHHE Harmaca B ,Z[BYMepHOM CITy4ae UMEET BUJL
d u d U _p (4)
X2 ay2

B ypaBHenun (4) oOe dYacTHble NPOU3BOAHBIE BXOIAT B JIEBYIO 4YacTh C
OJIMHAKOBBIMM 3HAKaMHU, B YpaBHEHUM (2) — C IPOTHUBOIIOJIOXKHBIMM 3HAKaMH, a B
ypaBHeHUH (3) — BTOpas MpOU3BOJHAS 10 OJHOM U3 IEPEMEHHBIX BOBCE HE BXOUT.

JI. Diinep noxkazan, uto jo0oe mauddepeHnmanbHoe ypaBHeHHEe Buja (1) c
MOMOIIIBIO 3aMEHbI HE3aBUCUMBIX MIEPEMEHHBIX X U J MOXKET ObITh MPUBEJICHO K OJHOMY
U3 TpeX CIEAYIONINX BHUJIOB.

)24

1. Ecru AC —T>0, TO TOCJI€ BBEJEHUSI HOBBIX HE3aBUCUMBIX MEPEMEHHBIX & U

N ypasHenue (1) HpHMeT BH/]I

0 u () u -Ds ou Eld U2+|:1u:f1(/;‘,77) (5)
0 on’ tog on
B »sTom ClIy4ac€ YpaBHCHHC HA3bIBACTCA O I M I TH Y CCKHM, Hanoosee
ITPOCTBIM 3JUTMIITUYCCKHUM YPABHCHUCM SABJIACTCA YPABHCHHC Jlarmaca (4)

B

2. Ecmm AC' —T-<O, TO ypaBHeHue (1) npumer BUJ

au ()u Dau

05 077 Y +Fau=£,(&7) (6)

Y Es ou
Takoe ypaBHEHHE Ha3bIBACTCA TUTEPOOTHUUYECCKUM.

[IpocTeiM mpUMEpPOM €ro SBJSETCS OJHOMEPHOE YpaBHEHHE CBOOOIHBIX
KoJiebanuii (2).

3.Ecrm AC —%zO, TO ypaBHeHue (1) MpuBOAUTCS K CIEAYIOLIEMY BUIY:

o’u ou OU  .y=f 7
0c? Dige "Eey, F 3(&77) (7)

Takoe ypaBHeHHE Ha3bIBaeTCs Mapa b o ude cKu M. [I[pumMepom ero ciyxur
ypaBHEHHE JIMHEHHOMN TEIIONPOBOIHOCTH (3).

Takue Ha3BaHUs ypaBHEHUH OOBSICHSIIOTCS TeM, YTO MPH KCCIECIOBAHUHU OOIIETO
YpaBHEHUS KPUBBIX BTOPOTO TOPSIKA

,4)(2+ Dxy+ Cy2+ Dx+ Ey+ F=0
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BZ

OKa3bIBACTCsA, 4TO B ClIydan AC—T>0- KpuBasd INpPEACTABIISACT JJUIMIIC, B CIydac

2 2
ac-B B

Vi 0 runep6oiy U B ciiydyae AC ae 0 - mapabody.

OxoHuaTenpHO JT000e ypaBHeHHE BUA (1) MOXKET OBITh MPUBENCHO K OJTHOMY U3
CIIEYIONUX KAHOHUYECKUX THUIIOB:

ou o4 .
7 =+ 2 +CU = g — i iunmuydecKkuu mun
8E2 " an
ou 0% .
—— — = *+CU = g — eunepbonuueckuti mun,
0&” On
o°u  ou .
7 4+ — = g — napa60ﬂuquKuu mun..
0&” On

31ech ¢ — MOCTOSIHHOE YHCIIO
g — GyHKIMS IEPEMEHHBIX X U ) .

Tema Ne6. ®usnveckuii ryMaHUTAPHBINA, IPOLEAYPHO-METO0JI0THYECKHE
3TaJIOHbI HAYYHOCTH. BuaAbl KpUTEpUEB HAYYHOCTH.

B npupone, B TexHHKe, B MaTEMaTHKE Mbl YaCTO BCTpeYaeMcsl ¢ PU3NIECKUMU (U
MPUPOIHBIMU) SIBJICHUSIMH TJ€ (PYHKIMOHAIbHAs 3aBUCHUMOCTbH OJIHOM BEJIMYHHBI } OT
APYroM X 03HA4YaeT, YTO Ka)XJI0My 3HAUEHHIO X COOTBETCTBYET OIPENEICHHOE 3HAUCHUE
y. Bce pusnueckue sBIeHUs MTPOUCXOASIIMX B 3TUX 00JACTIX HAYKH MOKHO MPUBECTU
K OJJHOMY U3 BbILIE IPUBEACHHBIX OCHOB YPaBHEHUH.

['yMaHuTapHbie Hayku TpeOyIOT MpEeABAPUTEILHOIO O0O03HAUYEHHS 3JIEMEHTOB
JNEUCTBYIOUIMX B OOBEKTE€ M, TOJBKO 3aT€M HX MOXHO MaTEeMaTU3UpPOBATH IS
UCIIOJIb30BaHus1 ypaBHeHUH Thna (1).

[TpouienypHO-METOAMYECKUI 3TAaJOH HAYYHOCTU HE JOJDKEH BBIXOAMUT 3a PaMKH
OJIHOTO OrpaHHueHHOro oObekTa. [Ipy 3TOM HEOOXOAMMBII MUHUMYM NapaMeTpoB
JOJDKEH OTBeYaTh TPEeOOBaHMSIM NPUMEHSEMON METOOUKH. A HX XapaKTePUCTHKHU
JOJKHBI COOTBETCTBOBATh 3aKOHAM (DM3MKH, TEXHUKH, IPUPOJBI UTO MOATBEPIKIAET UX
JOCTOBEPHOCTH U MPUEMJIIEMOCTD TIOJyYEHHBIX PE3YyJIbTaTOB.

Tema Ne7. Buabl kpurepueB HAy4YHOCTH

[Ipexme yem paccykaaTh 0 KpUTEPUH HAYIHOCTH MBI 00paTUMCS K MPEIbITYIICH
TeME W TPHUBEAS TPUMEPhl W3 PA3NTMYHBIX 00JaCTeld HAYKH CUYHMTAEM BO3MOKHBIM
PEIINTH MOCTABICHHYIO 3a/1a4y.

N Tak, ypaBHenue (5), (6) u (7) emé OoJiee JErK0 yIpOCTUTH BBEIEHHUEM HOBOM
HE3aBUCUMOCTH TepeMeHHOW. HoByr0 H3BECTHYIO (YHKIMIO JIETKO 0003HAYaTh I10
bopmyie

U () =Emer i ®)
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B a1oli dopmyne MBI Bcerma MokeM TOmoOpaTh ducia o W Tak, 4TO B
AITUNTHYECKUM M THIEPOOTMYESCKUM yYPaBHEHHUSAX MCYE3HYT UYJICHBI C MPOW3BOJIHBIMU
MIEPBOTO TMOPsIIKA, a B MapabOJMYECKUM — WIEH C MEepPBOM MPOM3BOJAHON Ha OJHON U3
HE3aBUCUMBIX TEepeMEHHBIX ( Hampumep, B ypaBHeHHH (7) mo ¢ ) U WiI€H C caMoM
GYHKITUH COAepIKAIIUN ATOT dJIeMeHT. Torjaa Hem3BecTHas QYHKITUS IMEET BU/L:

U (0,7)=9(0.7) "7 9)

Brenenune BcrnomoratenbHON (QyHKuMu mo dopmyne (8) MOXHO 0e3 0COObIX
3aTpyAHEHUI KCIONb30BaTh MPU U3YYEHUH TeJerpa(Horo ypaBHEHHS sl JIMHUUA Oe3
MCKa)KEHU MepejaBaeMbIX CUTHAJIOB.

YuuThIBasi, 4YTO YUTATENIb CTAJIKUBAJICS C MPUMEHEHHUEM TEOpUH OOBIKHOBEHHBIX
muddepeHIaNbHbBIX YpaBHEHUM C TMOCTOSHHBIMH KOA(PUIIMEHTaMU K pacuéry
ANIEKTPUUYECKUX 1IEeTIeH MTePEMEHHOr0 TOKa, COIEPKAIUX COCPEOTOUCHHBIC TTapaMeTPhI
MEePEXO00M K TOSICHEHUIO 3a/1a4u.

BaxneimuM mpuMepoM TakoW IemM SBISETCA KOJeOaTeNnbHBI  KOHTYD,
COCTOSIIIMI U3 MOCIEA0BATEIbHO COCIUHEHHBIX COMPOTUBIICHUHN, EMKOCTH U KaTyUIKH
caMouHaykuuu. Ilpu 3TOM  cuMTaeTcsi, YTO BCE€ COMNPOTUBICHUS  KOHTYypa
COCPEIOTOYEHO TOJBKO B peocTare, T.€. UYTO MM KaTyllKa CaMOWHIYKIHH, HH
COEIMHEHUE MPOBOJA MPHU MPOXOKIACHUU FJIEKTPUUECKOTrO TOKA HE BBIICTSAIOT TEIUia.
To4HO Tak e MepeMEHHbIII MATHUTHBIN MMOTOK UHAYKTUPYET 3IEKTPOABUKYILYIO CUITY
(3.4.C.) TOnpKO B KaTyIIKE, a TOKH JJIEKTPUYECKOTO0 CMEIICHHS] BO3HHMKAIOT TOJBKO
MEXIy OOKJIaJKaMU KOHJeHcaTopa. B anexkTpoTexHuke moJpoOHO H3ydaeTcsl Takue
MPEANOIOKEHHUS.

Ecau npoTsk€HHOCTH 1ienu BeluKa (Hampumep, TenerpadHbie JUHUU, JTUHUU
AJIEKTpONepeaaum), TO TaKyl0 IEMb YK€ HENb3sl XapaKTepPU30BaTh COCPEIOTOUCHHBIMU
napametpamu. O 1ENsSX KOTOPhIE UMEIOT OOJIBIIYIO MPOTAKEHHOCTD, TOBOPSAT O JIMHUSIX
C pacrpeenéHHbIMU TapaMeTPAMH.

OTMeTHM, UTO €CJH JIJIMHA 3JEKTPOMAarHUTHOW BOJHBI HACTOJIBKO Maja, YTO OHA
CpaBHHMMA C IOINEPEYHBIMU pPa3MEpPaMu MNPOBOJHHKA, TO 3TU YPABHEHHUS CTAHOBSTCS
HEMPUMEHUMBIMU. B 3TOM ciydae HE0OXoAMMO MpUOEratb K PElICHUI0 YpaBHEHUUN
AIIEKTPOMATHUTHOTO T0JIS, YTO HE BXOJUT B HaIlly 3a/a4y.

[Ipy wu3MydeHUW JWMHUNA C pacmpeleNi€HHbBIMU MapaMeTpaMu YYUTHIBAIOT
COTNPOTHUBJICHUSI TPOBOJOB, WHIYKTUBHOCTh JIMHUU, YTE€UKYy TOKa B atmocdepy B
CJIEICTBUM OTCYTCTBUS H30JBSILIMM MPOBOJA WM €€ HECOBEPIICHCTBA, a TAaKylo
B3aMMHYI0 €MKOCTh MEXJIY MPOBOJAMH (WM MEXKIY MPOBOJaMU U 3eMii€il). Mbl ke,
pPacCMOTPUM OJHOPOJIHYIO JIMHUIO, T.€. JIMHHUIO, COMPOTHUBIICHUS, WHIYKTUBHOCTD,
yTeuka M EMKOCTb KOTOPOM paclpefesieHbl BAOJb NPOBOJA HENPEPBIBHOTO U
PAaBHOMEPHOTO; /IJIsl HATJISIIHOCTU OYyJIeM CUUTATh JIMHUIO IBYX MPOBOJIHOM (CM.. puc.1)

N i OFf .
! / ox ax
ou .
u ox ax

Puc. 1
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[Tpumem HampspKEHHE MEXKIy MPOBOJAMHU M TOK HAa PACCTOSHHM X OT Hadaia
JUHUM B MOMEHT t paBHBIM COOTBETCTBEHHO U(X,t) u 1 (X,1). DT QYHKIMH U ABJISIOTCS
HMCKOMBIMH. . .

ITycth R — conpotusnenue, L — koagdunuent camonnaykiuu, C — emkocth U G —
KOA((UIIMEHT YTEUYKH, PaCCUYMTAHHBIE HAa €IUHUIYY JUIMHBI MpoBoaa. OTMETHUM, dYTO
ko3punreHT camouHAyKIMu L ectp  k03ddUIMEHT MNPONOPIHMOHATBHOCTH,
CBSI3BIBAIOIINH 3.]1.C. CAMOMHIYKIIMU CO CKOPOCTHIO U3MEHEHUS TOKa, T.€.

U, = LQ;
ot

Emkocts C ecTb KOOPPUIMEHT MPONOPIUOHATBLHOCTH MEXKIY TOKOM CMEUICHHS U

oc
CKOPOCTBIO HM3MEHEHUS HAIpsDKEHUS, T.€. :Cd_; 9TO PAaBE€HCTBO II0JIy4YaeTcs
t

ICM
auddepenurpoBanreM cootHomeHuss = CU , rne  — KoJW4ecTBa 3JCKTPUUYECTBA,
OCTaBIIIErOCs Ha yyacTKe MPOBOJa, pacCMaTpPUBAaeMOro Kak oOKJajka KOHAEHcATopa, a

U — mHampsokenwe. Hakonen, koddgdunuent yreuku G ectb  KodhuImeHTt
IPONOPLMOHATILHOCTH MEX1y TOKOM YTE€UKU U HAMPSHKEHUSI.
i, =Gu

J
Hnst  coctaBnenuss auddepeHIuanbHbIX YpPaBHEHUM, KOTOPHIM  JIOJKHBI

ynoBiaeTBopATh GyHKIMU U (X,t) m i (X,t), BBIACIMM yd4acTOK MPOBOJA OT TOYKH C
abcruccolt X 10 Touku ¢ adcrpccoit X + dx . Ecmu 0603Ha4nTh yepe3 U U | HanpsHKEHHST

U TOK B TOYKE X B MOMEHT BpeMeHH t , To B Touke X + dX B TOT kK€ MOMEHT BPEMCHH
Oi . di
3HAYCHUS dTUX BEIMYUH OyIyT paBHBI U +— u  i+—dx
dx dx
[loBeneHne  HampspKEHHS Ha paccMaTpUBAEMOM Yy4YacTKe OYJIeT BBI3BIBATHCS
moTepeil HampspKCHUS B IIPOBOJE, T.€. BEIWYMHOM R dXi, ¥ BO3HHKHOBEHHEM
MPOTUBOJICUCTBYIOIIEH 3./1.C. CAMOMHAYKIIUHU

Ol 01
U. =Ldx— = Ldx—. [TorTOM
¢ ot U ot y

u-(u +a—u6x) = RoX, + de@,
OX ot

T.C.

R+l -0, (10)
ox ot

Tema Ne8. Tenerpagubie ypaBHeHHS.

Jlanee, n3MEeHEHHE TOKA HA ITOM y4acTKe OOYCIOBJIEHO TOKOM YTEYKH M TOKOM
cmemenus. CieaoBaTenbHO,

i—(+ ﬂdx) =Gox + G@xa—u
OX ot
OTKyZa
0l ou

—+Gu+C—=0. (11)
ox ot
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[Tonyuyennsie ypaBHenuss (10) m (11) mpexncraBisier cHCTEMY YpaBHEHUW C
YaCTHBIMM IIPOU3BOJHBIMU MEPBOr0 mopsjika. M3 HUX JEerko HCKIIOYUTH JIIOOYI0 U3
HEU3BECTHBIX (DYHKIUU, HanmpuMmep Tok. Juddepennupyem ansa storo ypaBHeHus (10)
1o x , a ypaBHenue (11) ot :

2 . 2
oY 9, 0Ty,
ox~ 0x otox (12)
2. 2
o | ou ~o°u
+ +C—-=0.
oxor Cor C
2. 2
N3 BTOpOro paBeHCTBA HAXOUM: 0| --G ou__ C o°u _
0xot ot ()t2
Breipaxas emé % u3 ypaBHenus (11): 37' =-Gu _Caiu . U MOAICTABIIsIs BCE B
ot
nepBoe u3 paBeHCTB (12), momydaum
2 2
0" u ( ou J ou o
CS-R|Gu+CE-|-4 G +C“ [0
ox’ ot or o

HUJIN OKOHYATCJIIBHO
0’y RC+LGou RG 1 d%
>+ —+ u-— > =
ot LCot ot LC  LC ox

(13)

[lonyyeHHoe ypaBHeHHE Ha3bIBaeTcsl TejerpadHbIM ypaBHeHHEM. PekoMmeHiyeM Bam
IPOBEPUTH CAMOCTOSITENBHO, UTO, UCKITIOUask PYHKIUIO U , MBI IPUJEM K TOUHO TAKOMY
K€ YpaBHEHUIO | JUIs1 QYHKIIHH I

C)Zi RC+LGOIl . wi _ 14

2 " HLATY R (14)

ot LC ot

[Tonnoe uccnenoranue ypaBHeHus (13) (unu (14)) TpeOyeT crienMaIbHBIX METOJIOB, YTO
HE BXOJUT B aHaIW3 3amady. JJis KOHKpPETH3aIMh U SCHOTO IMPEACTaBICHUS 00paTHM
BHUMaHWE YHUTAaTeNs K PpACCMOTPEHHIO YAaCcTHOTO CiydYas, KOTOPBIA HWIpaeT
3HAYUTENIBHYIO POJIb B Kypcax 3JeKTpoTeXHHKH. C Hayaio OTBJIEUEMCS OT KpaeBBIX
yCJIOBHM, U OyZieM CUMTATh JIMHUIO OECKOHEYHO MPOCTHPAONICHCS B 00€ CTOPOHBI, T.€.
KpuBbIe (TPAaHWYHBIC YCIIOBUS) OTCYTCTBYIOT JUOO PaBHO HYJIO. DTO HAIEe IMEPBOE
MPEANOJOXKEeHNEe. A, BTOpOE€ MPEANoNoKeHne, OyJaeM CUYuTaTh, YTO B HAYaJIbHBIN
MOMEHT T.€. 1ipu t = 0 BOJIb TMHUY 337]aHO paCIpe/iesIieHEe HAMIPSKEHUS U TOKa B BUJIE

%:o: e = (X (15)
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ou i

[Tonw3ysack ypaBHeHusimu (11) u (10) nerko moxkem HaWTH ——— n — .WU3
ot Otj;_q
t=0
' ou
(11) momyuum ﬂ + GU‘ +C— =0
Ox;_g 0 " ot|

ITockonbky ﬁ =¢'(X) , TO

ot|,_,
0
M= BTk (10
ot C C
t=0
al. R 1 1
AHAJIOTMYHO —| = ——gp(X) —=f (X) (17)
ox|_, L L

Mpbl paccMaTpuBaJIM  SBJICHUSA, MPOUCXOMAIIME B JJIEKTPUYECKUX  LEIISX.
OCHOBHBIMHU 2JIEMEHTAMH JIEKTPUYECKOW LIETIM SBISAIOTCS CONPOTUBIICHUS, EMKOCTH,
WHJYKTUBHOCTH, UCTOYHUKMA TOKa M IOTEPU B DJIEKTPUYECKUX LEMAX. YacTo JIUMHUA
paccMaTpuBaeTcs C TOTeped pas3iIMyHOoro pojaa. A nuHHS 0e3 MoTeph He
paccMaTpHuBaeTCs, CYUTAIOT, YTO UICAIBHON JJMHUN B MPUPOAE HE CyliecTByeT. Ho Tem
HE MEHEE 3TOT BOMPOC SBJISETCS HEOOXOJUMOM AJIEMEHTOM M3Y4YEHUSI U MCCIIeIOBAHUS
Hay4YHbIMU PAOOTHUKAMH U TEXHUYECKUM MEPCOHATIOM CBSI3aHHBIX C AJIEKTPUUECTBOM.

Tema Ne9. J/Iunus ¢ norepssMu u 6e3 MoTeph

Ecnu conpoTuBieHre MPOBOIa OYEHb MAJO U OH XOPOIIIO M30JUPOBAaH, TO MOKHO
MIpeIoaaraTh

R=G=0.
Torna ypaBuenue (18) oOparmiaercs B 0ObIYHOE YpaBHEHHE KOJICOAHUSI HUTH:
ou  , 0%
—=a’"— 18
ot? ox’ (18)

Pemienne »Toro ypaBHEHUs TpeOyeT HEKOTOphle OrpaHuveHusi. Bo-mepBbix
ypaBHeHue (18) momKHO OBITH OJHOPOAHOE, T.C. JUHUS HE JIOJDKHA Pa3AeNAThCs TI0
4acTAM IO THUIy TMPOTAHYTOM MPOBOJIOKKM (Menb, aJIOMHHHUHN, CTallbHAas,
OuMmeTayuiiyeckas W T.JO) I COONIOZCHUS  HOPMAJIBHOTO  pacmpeeicHUs
ANEKTPUUYECKUX TMapaMeTpoB. Bo-mephiX, JUHUS AOJKHA UMETh HAYaJIbHBIE YCIIOBHSI.
Hano ormetuTh, 4TO HHKaKue KpacBbie Ha pyHKIMIO U (X,t) He HakmaapiBaroTcs. Takas
3a/laya Ha3bplBaeTcsi 3ajJavyei ¢ Ha4YyalbHB MU YyCIOBHUSMU WU
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3agauvein Komu Merog pemeHus €€ Ha3pIBaeTCI M €TOAOM O€erynux
BOJNTH mwmMeTtonom Jlanambepa.
Jlis ypaBHeHus (18) MoxkeM NpeacTaBUTh HaYaJIbHbIE YCIIOBUS THIIA

au
= f , — 19
4,_o= 0 il =FO 19)

Torna pemenue (18) Bua

u(x,t) =p(x—at)+w(x+at) , (20)
rae QyHKIUH @ Uy TOpeanojiararoTcst ABaxapl JuddepeHIUpyeMbIMU: 110 X U
1o t:

U'x: gpl(X— df) +W|(X-I- c’lf),
Un=0¢ (X—al)+y (x+al),
Ui=—ap (x—al)+ay (x+al),
U;f: azgp”(X— ﬁf) + azl//n(X—l- at‘),
Orcroza sIcHO, 4TO
2 2
0 lZJ _ azc) lg
ot 0x
cobmomaerca. OTo o3HayaeT 4uro oOmee pemeHue (20) mpeacTaBiseT pe3ysbTar

IMOJIOKCHH ABYX BOJIH, paACIIPOCTPAHAIOINXCA B IIPABO U BJICBO CO CKOPOCTBIO

1

JLe

[IpousBenennbie n3Mepenus Beauuud L u C i1 BO3MYIIHBIX JIMHUNM MMOKa3aiH,
YTO CKOPOCTH PACIPOCTPAHEHHUs BOJIH B ATUX JMHHUSAX NPAKTUYECKH COBIAJAET CO
CKOPOCTBIO CBETa B BO3/IyXE.

[Iponomxaem BoisicHeHUs cyTu MetoAa [lamamOepa s pemienus ypaBHeHus (18)
C HaYaJIbHbIMU ycioBusiMH (19).

Hama 3amaga cocTOMT B TOM, 4YTOOBI, TOJIB3YSICh HAYaIbHBIMU YCIOBUSMH,
ompenenuTh HeusBecTHbie (QyHKIMU @ u . llomoras B (20) t = 0 u moxacTaBss
BeIpakeHus 17 U (X,0) B mepBoe u3 yciaouii (21) momydanm

o(x) + y(x) = f(x) (21)

Teneps mosoras t = 0 B BeIpaX€HUU JJIS U ¢ ¥ TIOJB3YSICh BTOPHIM ycioBueM (19),

NpUIEM K YPABHEHHIO

—ap(Q+a¥ (¥=F(Y (22)

WuTerpupys 310 paBeHCTBO B npeaenax ot 0 10 x, HOJy4uM COOTHOIICHHE

—dp(X9)-p0)]+ ¥ (9 -Y(0)]= (f:/:(X) ax

a=

[Tockonbky GyHKIUHU @ U Y ipu x=0 paBHBI HYJIO TO
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—p(X+¥ (9= *I [F(Xax+C (23)

rae C=—-¢(0) + v (0) - HeKOTOpasi HOCTOSIHHAS BEJIMUMHA.
N3 cucremsl ypaBHenuit (21) u (23) HaxoauMm uckoMbie GYHKITAN @(X) U (X):

1 1 x C
== f()-~— TF(Xax-"2;
P0=, M= ) F o, (24)

_1 1x ¢
W= F+ TR

3aMmeHsisi apryMEHT X COOTBETCTBEHHO Ha x—at u x+at w moxacraBiss
HCII0JIb30BaHHbIC BEIpaKeHUs B hopmyity (20) Haitnem QyHKIuUIO u(X, t):

UxD =; F(x— af)—l‘f’F(x)cm
a0

L fxran+ L +atF(X)0’x
2 24 0
HpI/IMCH}I}I MATEMATHUUCCKUC l'[epeCTaHOBKI/I UMEECM
—Xf”F(x)dx+ | ‘F(ax=[F()ax+" ; ‘FOyax="7" F(x)ax
Xx=at x=at

U, TOraa pemeHHe u (x, t) MIPUMET CIEAYIOLINN BU:
f(x-af)+ f(xyaf t
UxD = (x-af+ f(xval) | 1 xa

2 25’? X~ at
Beipaxxenue (25) HaspiBaeTca pemienueM JlamamOepa 3amaun  Kowmm s
YpaBHEHUS KOJEOAHUS CTPYHBI.
Jnis nuHuil 6€3 moTeps HaYalbHBIE YCIOBHS MOTYT OBITh HANMUCaHbl coryacHo (15)
u (16) (HannomMHuM, uto ko3 duument yreuku G=0) B Bue:

au 1 .
ju f y I - —_— 26
Geg= T g = o @ @)

F(Xdx  (25)

Hcnons3ys oOuryro ¢popmyiy JanamOepa noaydnM BBIpaKEHHUE AJIS HANIPSHKEHUS:
f(xyah+ f(x-a 1 X+az‘
U xh= (Xra)+ foal _ o (R ax (27)
2 24C x- at

C C
Breraucnss HHTCTpaI U YIYUTbhIBAsA, 4YTO aC= W = z MOKEM HaIIMCATb

u(x,t)= f(x+at)zf(x_at) n £¢(X_at)+¢(x+at)

(28)

Jnst dynxmun 1 (X, t) ypaBHeHuu (28) coxpaHsieT CBOW BHI, TJe HavaIbHBIMH
YCIIOBUSIMU OYIyT
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0i 1.
I =, | =—71(x)
- o , L
Omnsth ucnons3ys Gopmyny Hanambepa nmomyduum

i(x,t)zqo(X+at)+¢(x_at)+ L f(x-—at)—f(x+at)
2 C 2

Boipaxkenus (26) u (27) marot pelieHHs MOCTaBIeHHOW 3aaaun. OTMETHM, YTO B

o . L
JIF000# TOYKE JIMHUU OTHOIIICHUE HAIIPsAKCHUS K TOKY IS IMIPSIMOM BOJIHBI PaBHO E )

o [L L
a o O6paTHOI/I BOJIHBI — E . Benuumnna E Ha3bIBACTCA BOJIHOBBIM COIIPOTUBJICHUCM

JMHUH.

Bo3HuKHOBEHHE BOJH B JIMHUM OYE€Hb 4acTO OBIBAET CBSI3aHO C aTMOC(hepHBIMU
paspsaamu. Ecaym B JMHUM Ha HEKOTOPOM €€ NPOTSHKEHMHM BHE3allHO BO3HUKAET
WHAYLUUPOBAHHBIN 3apsii, TO BIOJb JMHUM HAUYMHAIOT PACHPOCTPAHSATHCS BOJHBI
HANPSDKEHUS U TOKA ¢ OJJMHAKOBOM CKOPOCTHIO.

Tak kak HayaIbHBIA TOK paBeH HyIt0, TO ¢(x)=0. ®ynkius f (X) Oyzxer oTnyHa
OT HyJIsl HA HEKOTOPOM y4acTKe, IMEHHO Ha TOM, TJIe BOSHUK WHAYIIMPOBAHHBIN 3apsij,
T.e. f(X)#0.

JlommycTuM, 4TO HayalbHbIE CKOPOCTH PACIPOCTPAHEHHUS AIIEKTPUUECKHUI BOJIHBI
(WM TOYEK CTPYHBI, HUTU T.[. JUIS 3a/Ja4 MPUKIAJTHON MEXaHWKU) PaBHBI HYNIIO U
HalpsOKEHUW Ha JUHUA (WM CTpYHE) KoseOieTcs pe3yapTaTe Ha4daJbHOIO
oTkJoHeHus. B aToM citydae B popmyite (25) namo nmonoxkuts F(X)=0. Toraa mosryunm

f(x—ad+ f(xyal
U Xt = , (29)

Tak kak ¢yskius f(X) ©3BECTHBI, TO MBI MOKEM BBIYUCIIUTH 3HA4YeHHE U (X, 1) s
mo0ObIx x u t. CornacHo ckazaHHOMY BBIIIE 00 aTMOC(EPHBIX pa3zenax KojJeOaHus u (X,

t) cnaraeTcst U3 IBYX BOJIH: ITEpBasi BOJIHA 1 f(x—at) PACIPOCTPAHAETCS CO CKOPOCTHIO a
2

BIIpaBO (IpsiMasd BOIJHa),a BTopas BOJIHA 1 f(x+ af) PacIpOCTPAHSCTCSA C TOU XKe

CKOpOCTBIO BJI€BO (0 OpaTHAas BOJHA).
B navanbubIii MoMeHT BpeMenu t=0 npoduiin o0enx BOJIH COBMAAAIOT (Ha puc. 2).
t>1/a

-e ‘ e -l-at ‘ ‘—I+at |+at
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Tema Nel(0. MicciienoBanme rereporeHHbIX H TOMOT€HHBIX Cpejt

Mpb1, 0OBSICHSISI METOJOJIOTHIO PEUICHUS TEXHUYECKOU, SKOHOMUYECKON 3aaul U
3a/layd TBOPUYECKOTO MOJAX0/a K 00pa30BaHMIO, MOCTOSIHHO CTAJIKMBaeMas CO CIOBaMU
pacnpocTpaHeHue, KoJjieOaHue, HadajdbHblE W KpaeBble YCIOBUS, OJHOPOJHOCTH U
HEOJHOPOJIHOCTh, TOMOTEHHAsl M TeTepOreHHas cpeia, YCTOWYMBOE pelIeHUE 3aJayuu
WM, IPYTUMH CIIOBaMU, 3ajJlaya MOCTABJIEHA KOPPEKTHO U T.1a. st obneryenus tpyna
MOJIOJIOTO HAYYHOTO COTPYAHUKA U MHKEHEPHO-TEXHUIECKOTO pabOTHHKA TTOCTapaeMcs
PACKPBITh CMBICTIE 3THX CJIOB.

OpnHa W3 BaXXHEWIIMX 3a7ad B TOM, YTOOBI HAWTH, WIM BBIOPATh, METOOJIOTHIO
COCTaBJICHUS YPaBHCHHUS KOTOPOMY IOJDKHA YIOBIETBOPATH (QyHKIWIO u (X, t). s
ATOTO CENAaeM HECKOJIBKO YMPOIIAIIIUX Mpeanoioxenuil. Hanpumep, Oynem cuutathb
CTpyHY (HUTb) a0 COMT IO THO T U 0 K 0 i, T.€. HE COMPOTHUBJIAIONIEHCS N3N0y, a B
ANEKTPOTEXHUKE, JIMHUIO ©0e3 TMmoTeph. OTO O3HAYaeT, 4YTO CTpyHa (HHUTH)
npeanosjaraeTcs ynpy T o i M MOTUUHSIONENCS 3aKoHy ['yKa, a B 3JIEKTPOTEXHUKE
JIMHUIO C BBICOKOM MPOBOJMMOCTBIO 3JIEKTPUYECTBA U MOAUMHAIONICHCS 3akoHy Oma.
N3meHeHue BENWYUHBI CUJIbl HATSDKEHHMS] TIPU 3TOM MPOMOPLIHMOHATIBLHO W3MEHEHHIO
IUIAHBI CTpPYHBI. IlprMeMm, 4YTO CTpyHa OJHOPOJHA, & JIMHEMHYI IUIOTHOCTh €€
o00o3HaueHnn OykBoil p (“po” — rpedeckoil andaBuT, Macca €IMHUIIbI JJIMHBI CTPYHBI).
B anexTpoTeXHHUKE 3TO PaBHOCWIBHO YHCTOW MEIW WM YHMCTOMY ATIOMHHHIO, T.K. B
Metautyprun Hammuue B Metasuie 0,1 % moOo4HBIX MPOYKTOB PE3KO YBEIMUYUBACT €TI0
AIEKTPUYECKOE COMPOTUBJICHUE U TMPOBOJIOKA HAYMHAET HArpeBaThCsl BbI3bIBAS
OoJBIITNE TIOTEPHU B IPOBOJIOKE (B BUJIE TEIUIA).

[Ipeanonoxxum, 94TO Ha CTPYHY (TIPOBOJIOKY), B TNIOCKOCTH KOJIEOAHUS JEHCTBYIOT
CWJIBI, TTapayuienbHbie ocu OX, KOTOpPbIE MOTYT MEHSTHCS BJIOJIb CTPYHBI M CO BPEMEHEM
9TU CWJIBI OyJIeM CUMTATh HEMPEPHIBHO PaCHpE/IeICHHBIMHU BOJb CTPYHBI; BEIHUYUHY
CUIIBI, HAIlpaBJCHHBIA BBEPX, YCIOBHMCS CUYHTATh IOJIOKHUTEIBbHOW (+), a BHH3 -
orpuniatenbHoil  (-). ITlomoOHO wW3MeHeHHMiO (a3pl B MNEPBOM  MOJIYNEPHOJIC
MOJIOKUTENIBHOM (+) W Ha BTOpPOM — oTpuiareibHoi (-). [LIOoTHOCTH pacnpeneneHus
ATUX CHJI BIOJIb CTPYHBI sIBJIA€TCA (PyHKIMEH abcuucchl X U BpeMeHu t; 00o3HauuM eé
yepes g (X, t). 3mech § — yCKOPEHUE CHITBI TSHKECTH.

CunaMu CONpOTUBIICHUS CpeJlbl, MBI MOKa npenedperaem. Cpena MOXKeT ObITh U
I'PaBUTAIIMOHHOM, T.€. CUJIbHBIM 3€MHBIM TATOTEHHUEM, TOMOT€HHON WJIM T€TePOTreHHON
(t.e. omHO(Da3HOM WM MHOTO(DA3HOM).

B MexaHuke OJHOPOAHOCTH YacTO O3HA4YaeT, YTO HCCIEAYyeMbIii OOBEKT
MOUMHACTCS 3aKoHy ['yka. A B MaTeMaThKe OJHOPOIAHOCTh O3HAYAET, YTO PEIICHUE
YpaBHEHUSI 3aBUCHUT TOJHKO OT OJHOTO TapameTrpa, Hampumep, OT X, HE CUHTas €ro
3aBUCUMOCTh OT BpeMeHu. Mmm ke caMo ypaBHEHHWE COCTOMT W3 OJHMHAKOBBIX
CJIara€MbIX U 3aBUCAIINX U3 OJHOM HE3aBUCUMOM NIEPEMEHHOM X, V WIIH Z.

Korga oObekt sBisiercs ogHO(a3HON >KUAKOCTbIO TO TOBOPAT O T'OMOI'€HHOMU
cpere.

B npoTuBHBIM ciy4ae, T.e. €CIM KMJIKOCTb COCTOMT JiBa M Oojiee pa3InyHBbIX
AJIEMEHTOB, TO 3TO SBJIAETCS T€TEPOreHHas Cpeaa.
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Tema Nell. YcToiUMBOCTD M KOPPEKTHOCTH OCTABJIEHHBIX 32124
HCCJIEIOBAHUSA TEXHHYECKUX 00bEKTOB

Ecnu peleHue 3amauum €UHCTBEHHO W HEIMPEPHIBHO 3aBUCUT OT HAudaJbHBIX
YCIIOBHUM, T.€. Mallble M3MEHEHHs MOCIEAHUX BIEKYT 3a €000 Majloe H3MEHEHUE
pelieHusi, TO TOBOPST, YTO PEIICHHE 33Ja4yl Y C T O U 4 U B O WM 4YTO 3ajaya
MOCTaBJIEHAa KOPPEKTHO.

Ecnu ypaBHeHue koneOaHus BRIPAKASTCS B BUJIC

2 2
O _ 200 Ly (30)
ot ox- p

TO OHO HAa3bIBAETCSI OAHOMEPHBIM BOJHOBBIM ypaBHEHHEM. B Hayke K Hemy
CBOJIUTCA HE TOJBKO paccMaTpuBaemMasi 3ajiaua, HO 1 MHOTHE JIPyTHE.

Ecim g(x, t)=0, To ypaBuHenue (30) Ha3pIBaeTCs OJHOPOJHBIM, OHO OIHCHIBACT
CBOOOJHBIE KoOJieOaHWSd HUTH 0O€3 BO3JAEHCTBUS BHEIIHMX CUI. B 31eKkTpoTexHuke
O3HAYaeT CBOOOJHOE TMPOXOXKACHHE JJIEKTPUUECKOr0o TOKa 0Oe3 BO3ACUCTBUS
aTMOC(EepHBIX, KOHTAKTHBIX cui U cuit JIDII.

Eciu g(x,t) He poBHO HYIIIO, TO YpaBHCHHE HA3bIBACTCI HE O I HO P O T H bl M. B
ATOM CJIydae pacCMaTPUBAIOTCS BBIHYXKJICHHBIE KOJicOaHUsl. B MeXxaHuKe Ha CTEp>KEHb,
HUTh UJIM CTPYHY JACHCTBYET TOJBKO CHJIA TSXKECTH U HATSKEHHE B HUX B € JI U K O, T.€.
qf>>0 u, cnenoBaTeabHO, MBI MOKeM Hamucath P(x, t)=Qf, To MbI BrpaBe mpeHeOpeyb
BTOPBIM CJlaraéMbIX B MpaBod 4acTu ypaBHeHHs (30) Mo CpaBHEHUIO C MEPBBIM
(HEOTHOPOAHBIM) M pacCMaTPUBATh KaK CBOOOIHBIE KOJICOaHUS CTEPIKHSI MUIH HUTH.

Msi, B 9TOM ciydae, paccMaTpuBaeM YpaBHEHHUS KOJ€OaHUS C LETbIM PSIOM
JTOMYIICHUI KaK MEXaHUYECKOT0, TaK U T€OMETPUUYECKOTO HOPSIKOB.

Tenepp paccMOTpPUM 3TOT K€ BONPOC MPUMEHUTENBHO K AJEKTpoTexHUke. Eciu
310 ypaBHeHue (30) mMeeT MeCTo, TO JMHUS WIM DJIEKTpUYECKas IeMb IMOoJydaeT
JIOTIOJIHUTEIIBHOE DJIEKTPUYECTBO CO CTOPOHBI BHEITHUX BO3JICUCTBUNA. ITO MOXKET OBIThH
aTMoc(epHbIN pa3psl, TeHepaTop Wiau TpanchopmaTop HanpspkeHus. [lomMmumo 3Toro B
HEKOTOPBIX AJIEKTPUUYECKUX ILEMSIX CHUCTEMbl aBTOMATHKWA MUTAHUE OCYIIECTBISETCS
OydepHbIM crtOCOOOM, T.€. M OT CETH MUTAHUS U OT OaTapeiiku (akKymyJsiTopoB). Toraa
AIEKTPUUYECKYIO JTUHUIO MOKHO pacCMaTpuBaTh MaTeMaTH4YECKU ypaBHEHUEM Toka (30).
Ecnu ke nuHus (Maum 3JeKTpUYecKasi CeTh) UMEET KOJIeOATEeIbHBIN KOHTYP € OOJBIION
€MKOCThI0O M BCE HCTOYHUKM MUTAHUA OTKIIOYAIOTCS, TO 3aps] HAKOIUICHHBIA B
KOHJICHCATOpE KO0JIEOATETLHOTO KOHTYypa MHUTAeT JJICKTPUYECKYI0 JHHUI0. B 3TOM
cillydae OJJIeKTpUYecKas JIMHUS TIEPeXOJAUT B CXEMy IMHUTaHHS CO CBOOOJIHBIM
KoJieOaHueM.

Takoe monoxeHue, pazymMeeTcss UMEET MECTO MpH BbIBojAe AuddepeHInamIbHbIX
ypaBHEHUN KaK B YACTHBIX IMPOU3BOAHBIX, TaK U OOBIKHOBEHHBIX. JTO 3aBHCHUT OT
uccieayeMoro oobekTa. Bompoc o TOM, HAacKOJBKO TOYHO YpPAaBHEHHE OIMCHIBAET
bU3MYEeCKUN TIPOIeCC, MOXKET OBITh PEIIeH TOJIhKO CpPaBHEHUEM PE3yJbTaTOB,
MOJIYYEHHBIX TMPU PEIICHUU YPaBHEHUSI SKCIEPUMEHTANbHBIM MyTeM. BOT TyT MoOryr
MOHAJO0UTCSl KPUTEPUU AICKBATHOCTH YPABHEHUM.

B cBA3M cO CKa3aHHBIM YMECTHO CJEJIaTh CIEIyIoUlee 3amedyaHue. XOpoulo
M3BECTHO POJIb M O J € J1 € U MpH KM3YYECHHH PA3IMYHBIX BOMPOCOB TEXHUKHU. ITO
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OJIMHOKO OTHOCHUTCS MOJEJSIM KaKk MaTeMaTHYeCKHM TakK U JabopaTopHbIM. B cBsizu ¢
IIMPOKOM BHEIPEHUEM COBPEMEHHBIX KOMIIBIOTEPOB BO BCE€ C(hephbl NESITeIbHOCTH
Hallel JKU3HU OCHOBHOM METOJIOJIOTHEN MCCIIEIOBAHUS U PEIEHUs 3a/lady CTAaHOBUTCS
MaTeMaTU4YeCcKoe MOJICIIMPOBAHUE C UCIIOJIb30BaHUEM KOMITbIOTEpOB. Ho 1aboparopHbie
MOJIeJIA HE MOTEPSUIN CBOIO 3HaueHue. Hanpumep, THAPOTEXHUKHU IPU MPOEKTUPOBAHUU
IJIOTUHBI YacTO CTPOSIT B 3HAYMTENIbHO YMEHBIIEHHOM pa3Mepe €€ Mojellb, 4TOObI,
MPOM3BOJS OMBITHI HaJ HEH B JaOOpaTOPHBIX YCJIOBHSX, CHENaTh HEKOTOPHIE
3aKJTFOYEHUS O XapaKTepe YCUIIUH, TEUCTBYIONIMX HA PEATbHYIO IIOTHHY.

Takyto ke poib UrparoT MOJACIU MPOCKTUPYEMBIX MOCTOB, KPBUIBLEB U (Dro3erska
camosieToB u Jap. Pa3zymeercs, maHHBIE, MOJyYEHHBIE MPU HCCIEAOBAHUU MOJCIICH,
HEeJIb3s MPOCTO TEPEHOCUTh Ha peayibHble O0BEKTHl. Benp B mabopaTopuu Henb3s
CO3/1aTh BCE YCJIOBHUS, KOTOPbIE MOTYT BCTPETUTHCA B JielcTBUTENbHOCTH. Kpome Toro,
SIBJICHUSI, TIPOUCXOJIAIINE MPU UCCIIEIOBAHUUA MOJEIH, JAJIeKO HE BCErja B TOYHOCTU
KOIUPYIOT COOTBETCTBYIOUIUE SBJICHUS B mpupoae. OqHako Hanbosee CyleCTBEHHbIE
4YepThl IMpollecca BCE-TAKM 4YacTO YJAeTCs yIJIOBUThb, W JajbHEWIIas 3ajaya
MPOEKTUPOBIIKKA B TOM U COCTOUT, YTOOBI YBSA3aTh HAOMIOIEHHBIC HA MOJEIH (AKTHI C
TEMH, KOTOPBIE BCTPETATCS B HATYPE.

[TonoOHy0 K€ poJib UrpaeT U uzydeHue AuddepeHIranbHbIX (MOXET ObITh, B
3aBUCUMOCTH OT BHJa OOBEKTa W WHTETPAJbHBIX) YpaBHEHWW. YUWUTHIBas OCHOBHBIC
3aKOHOMEPHOCTH (DU3MYECKOTO MPOLIEcCca, Mbl CO3/1a€M €r0 MaTeMaTHUYeCKYI0 MOJEIb.
N3yuyeHue 3TOM MOJENH M IO3BOJIAECT JENATh ONPEACIICHHBIE CYXKIEHHUS O XapakTepe
nporiecca.

Kak ™Mbl ormeuanu Beie, auddepeHnuanbible ypaBHEHUS C YaCTHBIMU
MPOU3BOJHBIMU BTOPOTO TOPSAKAa HMMEIOT OECYMCIEHHOE MHOXKECTBO pEIlICHU,
3aBUCAIIUX OT ABYX MPOU3BOIBHBIX (GYyHKIMA. UTOOBI OMpenenuTh 3TH POU3BOJIbHBIC
GbyHKIMH, T.€. YTOOBI BBIICTUTh HEOOXOIMMOE YaCTHOE PEIICHHE, HY>)KHO Ha UCKOMYIO
byHKIM0O u(X, t) HaJIOXKHUTH JOMOJHHUTEIBHBIC YCIOBUS. MBI yKe BCTPEYAUCh C
AQHAJIOTUYHBIM  SBJICHUEM TP PEHICHHWM OOBIKHOBCHHBIX JH(GEpeHITHATBHBIX
YpaBHEHUH, KOT/Ia BbIIEJIEHWE YACTHOTO PEIICHMs U3 OOIIEro 3aKiIvaloch B IpoLecce
OTBICKAHMS TIPOU3BOJILHBIX MIOCTOSHHBIX IO 3aJaHHBIM HaYaJIbHBIM YCIOBHSIM.

[Ipu paccMoTpeHuH 3a7ayul O KOJEOAHUSX B JIMHUSX MEpeNadd 3IEKTPOIHEPIHH,
CTPYHBI IOTIOJTHUTEIILHBIC YCJIOBUS MOTYT OBITh JIBYX BHJIOB: Ha4al b HBI € U
KpaeBble (WM PAaHUYHBIE).

HavanpHbie yCIOBHS TOKAa3bIBAIOT, B KAKOM COCTOSHMM HaXOJWJIach CTpyHa B
MOMEHT Havalia KojebaHus. YI00Hee BCEro CcYHMTaTh, 4YTO OSHEPrus Hadaia
nepeaaBaThes (WM CTpyHaA Haudana KosieOatbes) B MoMeHT BpeMenu t=0. HawanbHOe
MOJIOKEHUE TOUEK JTMHUU (CTPYHBI) 33/1a€TCS YCIOBHEM

Y =1 (31)

4 HavdaJibHas1 CKOPOCTb

au
il P =% 32
a’t (X (32)

=0
rie f(X) u F(X) — 3amanabie GyHKINN.
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3anuch uli-p 03HavaeT, yTo GyHKIHs U(X,t) B3siTa MPU POU3BOIIBHOM 3HAYCHHUH X U

npu t=0, T.¢.
%:o: UX0);
aHaAJIOTUYHO ﬂ/ = ;(x0)" Takoe dopma 3anmucu MOCTOSIHHO MPUMEHSIETCS B
[ 7
at 0
JTaJbHEHNIIIEM.

VYenosus (31) u (32) aHamoruyHbsl HayajdbHBIM YCJIIOBHUSIM B MPOCTEHIEH 3aaade
JUHAMUKHU MaTepuaibHOM TOUKU. B Takux cirydasix Juist onpeesieHus 3aKOHa JBUKEHUS
TOYKU (JABMKEHUSI 3apsiga dJIEKTPUUECTBA), MOMUMO TuddepeHIInaibHOro ypaBHeHHUS,
HY>KHO 3HATh HayaJbHOE MOJIO0KEHNE TOUKH U €€ HayaJIbHYI0 CKOPOCTb.

A KpaeBbIC YCIIOBHUS IMOKA3bIBAIOT, YTO MPOUCXOJUT HA KOHIAX CTPYHBI BO BCE
Bpems Koyiebanuil. B mpocreliem ciydae, KOHIIBI CTPYHBI 3aKpeIjieHbl (B Hauaje
koopaunat (0,0), u B kon1ie Touke (¢,0) byHkuus U(X,t) OyaeT mOTIMHSATCS YCIOBUEM

%(:o: 0 %&l =0 (33)

®dwusnveckuii cMbIca TOro ¢akra, 4TO 3aJaHWe HAYaIbHBIX W TPAHUYHBIX
(KpaeBbIX) yCIOBHI MOJHOCTBIO OIMPEAEISET MPOIECC, MPOIE BCETO MPOCICIUTH IS
city4asi CBOOOIHBIX KOJIeOaHUN TUHUHN (CTPYHBI).

[Tycth, Hampumep, CTPYHYy, 3aKpeIUIEHHYIO Ha KOHIAX, KakK-TO OTTSHYJH, T.C.
saganm  ¢yHkimio f(X)- ypaBHeHHMe HadaiabHOH (OPMBI CTPYHBI, U OTIYCTUM 0€3
HaYaJIbHOW cKopocTd. OT0 3Ha4uuT, 4yro F(X)=0. ScHO, 4Yro 3TUM, HadbHEHIINI
XapakTep KojeOaHuW OyJeT MOJHOCTHIO OMNpeaeia€H M Mbl HalIéM €IMHCTBEHHYIO
dyukimio U (X,t), pemas o JHOPOIHOEC YPAaBHEHHE MTPH COOTBETCTBYIOIINX YCIOBHUSIX.

Tema Nel2. UcciienoBanne 1 MaTeMaTHYeCKOE ONUCAHUE JIEKTPOHHBIX CXeM
tuna Rl mu RC

Tenepp, paccMOTpUM Kak 3TO BBINNIAAT B JJIEKTpoTexHUKe. JluHus
AJIeKTpornepead He UMEET HU MCTOYHUKA U HU TOTPEOUTENS SJEKTPOIHEPTHH, TO €CTh
KOHIIAX JIMHUM HUYEro He uMmeercs. Ho B KakoW-TO HayajbHBIA MOMEHT BPEMEHU MBI
MTHOBeHHO 3amanu ¢ynkmuio f(X) B BHae mMOTEHIMaa SJeKTpuUYecTBa. bynem
paccMaTpuBaTh MEPEMEHHBIA TOK OMPEAEIEHHON YaCTOThI . M3BECTHO, UTO YacToTa
CBSI3aHA C NIEPUOJOM COOTHOLLIEHHEM
==

Tok  peicTBylOmMI Ha JIMHUIO MOXET OBITh C pa3IUYHBIM [EPUOJIOM B
3aBUCHUMOCTH OT TOr'0, KAKOM UCTOYHMK TOKA COIPUKOCHYJICS C PACCMaTpUBAEMON HaMH
AIIEKTPUYECKON JIMHUEH. DTO MOXKET ObITh OT MPOBUCAHUS JTUHUH AJIEKTpOIIepeaay Uiu
CO IIPUKACaHUs JIMHUM B CIEACTBUM CHUIIBHOI'O BETPA, II€ UMEETCSA TOK IMPOMBIIUICHHOU
YacTOTbl; WJIM K€ BIHSHUS HHIYKTHBHOIO IIEPEMEHHOIO TOKAa KOHTAKTHOM JIMHUU
AJIEKTPOIIOE3/I0OB; M B TPEThbUX, MOXET ObITh TOK EMkocTHOW memu. JIDII rae
HaKaIJIMBaeTCs OOJIBLION 3apsi] 3JEKTpUUecTBa. [ Bcex mepeyncieHHbIX

w 24
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CIIy4aeB Mbl MOXEM IPEJICTABUTH CIEAYIOUIYI0 cxemy. B

LENb BKJIFOYECHBI aMnepMmeTp A, O ]
MOKa3bIBAIOLIMIA CWJIy TOKa I, W -
BOJIETMETP V, U3MEPSAIOLINN

HarpasjeHue (pa3HOCTh MOTEHIMAIOB L ||
Mexy ToukamMu A u B). [TonoxutenbHoe .

HamnpaBJICHUE TOKA MOKA3aHO CTPEIIKOM.
Boasr™metp V nsmepser BennunHy U = U, = Up (a Tounee ¢ = pa - ¢p). Brimrouas
TOT WM WHOW PYOWIBHHUK, HCCIEIyeM TMPOXOXKIACHUE TOKAa Yepe3 COMPOTHUBIICHUS,
MHJIYKTUBHOCTb UK EMKOCTb.
[IycTh TOK MEHSETCSA CO BPEMEHEM 110 3aKOHY
I =iy cos (wt + a)
Ecau »ToT TOK MAET no conpoTusiieHnto R, To no 3akony Oma
or =R 1 =R ig cos(wt + a)
Jlnst OOIIHOCTH CO CKa3aHHBIM O CBSI3U CO BpeMEHEM (C IMEePHUOJIOM) 3amMIlIeM 3TO
PaBEHCTBO TaK:
or ()= @1 cos(wt + a,),
rac ¢ = R io,I/IOCZ a1
[TycTh TOK UAET yepe3 nHAYKTUBHOCTH L. Torna

di -
Q; = La:—La)losm(a)Ha)

IHonoxum
@i = @2 cos(wt + aj)

. T o
Torma ¢, =L, wip,u gr=¢ +E' JleCTBUTENBHO, U3BECTHO, UTO

cos(f + %) = —sin S TIpu JI000M 3, TTOATOMY COS(@w?+ o + g) = -sin(ot+a).

OTnMyurve MHIYKTUBHOCTU OT COMPOTHUBIIECHUS MPOSBISETCS B TOM, YTO KpHUBas
HaIpsOKEHUs! CABUHYTA OTHOCUTENIBHO KPUBOW TOKA HA YETBEPTh MEPUO/A.

o . . a
Paccmotpum cityvait émkoctu. B aTom ciydan 7= C%,

nosToMy (= %J'idt = %J.iocos(a)t +a)dt = C'—Osin(a)t +a)
w
®
MHJIEKC ¢ 03HAYaeT, YTo 3TO MOTEHIHAI B 00KiIaakax émkocta C.
3anmcaB ¢, B BUIE ¢, = @3 COS (wt + a3), MOTyIHM
— 1 - — 7[
(e alo d a3 =~ E
CremoBareiabHO, B LENH IEPEMEHHOIO TOKA COOTHOIIECHHE MEXAY aMIUIATYI0M

TOKa " aMHHHTYI[Oﬁ HaIIpsHKCHUS HA €MKOCTH TaKOe€ JKC, KaK Ha COIMPOTHUBJICHHUU, PaBHO

ITocTenenHoe HHTCTPUPOBAHHUC B IICPEMECHHOM TOKC BCETrAa paBHA HYJIIO. 3,Z[CCI>

1 .. -
R= o Beoipaxkast éMKOCTb B hapajiax U 4acTOTy B OOPATHBIX CEKyHIax (T.e. ceK ),
()

nosyyum R; B omax.
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KpuBas HanpspkeHus B EMKOCTH CIIBUHYTa OTHOCHTEIIBHO KPUBOW TOKa BT € P € 1T
Ha YETBEPTh MEPUO/A.

Bor Takumu, mnpumepHO, (QYHKIHAMH MOXeT ObITh BbIpaxeHo f(X), T.e.
MTHOBEHHOE BIIMSIHME BHEIIHEH JJIEKTPUYECKOM »HHEPrud B paccMaTpUBAEMYIO
ANEKTPOTEXHUYECKYIO LEITb.

BosBparasch k MEXaHHYSCKUM KOJIcOaHHUSIM CTpyHBI moj BiausHueM f(X) moxxem
OTMETHTbh, YTO MOYKHO 3aCTaBUTh CTPYHY K0J1eOaThCsl MHAYE, a IMCHHO TPHJIaB TOUYKaM
CTpYHY HEKOTOPYIO HaydajJbHYH CKOpPOCTh. (DU3MYECKH SICHO, YTO B OTOM CIIy4ae
JTanbHEHIMA mporecc KojebaHuii OyneT BmodHE ompeneneH. l[lpumanve Todykam
CTPYHBI HAYaJIbHOHW CKOPOCTH MOKET OBITh OCYIIECTBJICHO IMPHU MOMOIIU yAapa Io
cTpyHe (Hanmpumep, croco0 MpoOyKIEHUS CTPYHBI TUTAPHI).

PaccmoTtpum Teno, Ha KOTOpOE JEUCTBYET CHIIa

F =kx
Takoii cuie COOTBETCTBYET IMOTEHIIUATBLHAS SHEPTHS

-k
2

Hauano koopauHaT sIBIsSIETCS MMOJI0KEHUEM YCTOHYHBOTO PAaBHOBECHS.

JIBuokeHMe Tesa MoJ IeUCTBUEM CUJIbI ITPENCTABISIET COOON KOJIeOaHNe B BIIEBO U
BIIPAaBO OT IIOJIOKEHUS paBHOBecHA. MOKHO NPEACTaBUTh ce0e HIapuK, KOTOPHIH
CKaThIBAE€TCs C OJJHOW BETKHU NapadoJibl, HAOUPAsi CKOPOCTb, 110 UHEPLIUU 3a0UpacTCs Ha
BTOPYIO BE€TBb, cKaTbiBaeTcsi ¢ He€ u T.1. CorsmacHo BTOpoMy 3akoHy HproToHa
YpaBHEHHE ITHX KOJIeOaHUI UMEET BUJ

m= 9% _
dt?
Mps1 He OyneM pemarh ero o0ImuM, HO JIOBOJBHO CIIOKHBIM CIOCOOOM, a BMECTO
ATOro Kak Obl “yragaem” BUJ PELIEHHUS U COCPEIOTOYMM BHUMAaHHE HA MCCIIEIOBAHUU
CBOMCTB 3TOr0 pELICHUS.
[Ipenmonoxum, 4To

—kx (34)

X = a cos wt (35)
Takoit Buj pemieHuss BBIOpaH IOTOMY, YTO KOCHHYC SBJISE€TCS OJHOM W3
MIPOCTEHIITNX MEPUOIUUECKUX QYHKITUH.

[ToncraBum BeipaxkeHue (35) B ocHOBHOE ypaBHEHHE (34); Tak Kak
2

dx ) X
V=—=—aosinet, —— =-aw@’cosat
dt dt
TO
- maw®cos wt = - ka cos wt (36)

CootHorernne (36) OyIeT COpaBHIMBO HpH T000M t, ecitn mw =K. Ilostomy
dbyukius (35) nelCTBUTEILHO YIOBIETBOPSET YPAaBHEHUIO, €CITH
Kk

2
mo =K OTKYyJa =4
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Torna x=acos(z ;/(7) (37)

OTMeTM, YTO KBaJApPATHBIM KOPEHb B BHIPAKEHUH HE MPUBOJAUT K JABYM PEUICHUAM, TaK
Kak COS wt = cm(-wi)

Ecnm mac wHTepecyer mepuoj KojeOaHWii, T.e. BpeMs, 4epe3 KOTOpOoe Tejo
BO3BpAIAETCI B MCXOAHOE IOJOXEHHUE C HCXOJHOW CKOPOCTHIO, TO MOCTYIHUM W3
cieayrmux coodpaxeHul. yHKIUS cos@ BO3BpAIIAeTCs K HavyaJlbHOMY 3HA4YEHUIO,
KOTJla yroJl ¢ JeNaeT MOJIHBIA 000pOT, T.e. MEHseTCcsl Ha 27. 3HAYWT, B BBIPAXKCHUU
acos wt BeIWYMHA ot 3a OAWH nepuoi T Takke OoJKHA MeHAThea Ha 27. [loatomy T
HAaXOJIUM U3 YCIIOBUS

o(t+T)=wt+ 2n

oT=2nr, T= 27 _ Zﬂ\/% (38)

(4

OTKyZa

1 . o
OTMeTHM 4YTO BEJIMYHHA f=7_ Ja€T YHuCIIO0 KoJicOaHMil B CAWHNIY BPCMCHHU H

o o . 1
HA3bIBAETCS 4acToTOM Konebanuil. Pasmepnocts €€ —— (oOpaTHast cekyHaa). Enununa
CEK

YUCTOTHl — OJ0 KoJIeOaHUE B CEKyHJy MMEET CIelUalTbHOE Ha3BaHUE 2epy B UYECTh
Hemerkoro ¢usuka ['enpuxa ['epua. 13 dopmynsl (38) BuaHO, 4TO
w
f=2,
2
Onnako Bo Bcex (hopmynax ynoOHee UMETh Jesl0 MMEHHO ¢ @, a He ¢ f , uHaue

27 o
MOBCIONTy MOABATCS KO3(PGUUUEHTHI 27 U 47. BennunHa o =~ HasbIBaeTCs KPyroBok

Y4aCTOTOM.

Tema Nel3. MeTo10/10rusl MCCJIEIOBAHUA XUMHUSA -T€XHOJOTHYECKUX
00bEKTOB

B nmpuBenéHHbIX TpuMeEpax MbI pacCMaTpPUBAIM  BOMPOCHI METOJOJOTHUHU
CUMBOJIMYECKOIO  OIMCAHMSA,  SI3BIKOM  MATEMATUKH, 00bekmoe  MEXaHUKH,
AIIEKTPOTEXHUKH U JBMKEHUS CTPYHBI. [locneaHee oTHOCUTCS HE TOJIBKO MEXaHUKE, HO
M BIOJHE CEPbE3HBIM OOpPa30M MOXKHO TMPUMEHATH M3JI0KEHHYI0O METOJUKY B
TEKCTHJIBHOW TIPOMBIIIJICHHOCTH, B U3TOTOBJICHUN CHHTCTHYCCKUX HUTEH, B 00paboTKe
XJIOKAa W JaXe B HCCIEAOBAHHUAX cOOpa XJIOMKA XJIOMKOYOOPOYHBIMH MallMHAMHU
OapabaHHO-IINTUH/ICTFHOTO THIIA, & HE TMTHEBMATUYECKOTO THMAa. A B ITHEBMAaTHYCCKUX
XJIONKOYOOPOUHBIX ~MalllMHAX B NPHHIMIE Takas METOJOJIOTHS IOAX0Ja K
HCCIEIOBAHUIO OCTAETCI HEM3MEHHOM, HO OTHOIIECHHE OOBEKTa MOXKET MEHSTHCA B
3aBHCUMOCTH OT JaBJICHUS BO3yXa, CPEIBI M TIOCTAHOBKH 3aJ[a4H.

Tenepb HECKONBKO CIOB O METOAOJIOTHH HCCIASAOBAHUS XUMUS — OMOJIOTHICCKHUX
00BEKTOB. XUMHS — OMOJIOTHUYECKUN OOBEKT B OTJIMYMHU OT XUMHUS — TEXHOJIOTHYECKHUX
HMeeT cBocoOpa3HbIi crioco0 ucciaeaoBanus. s pa3paboTky, HapuMep, KaKOTO-TO
XUMHUYECKOTO  TMperapara  BHaydaje  COOMpAaloT  aHAJIOTH  MPHUOJIU3UTEIBHO
COOTBETCTBYIOIICH CTPYKTYphl M JeJal0T aHalli3 WX BO3JCUCTBUA IIPH HX
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ynoTpeOJIeHNH Ha KUBOW opranu3M. Bo Bpems aHanmn3a BBISABIAETCS HEAOCTATOYHOCTH
B CTPYKTYpE KaKOIro-TO BaXKHOI'O 3JIEMEHTa HEOOXOJMMOIO IJIsi BBEACHMS B KUBOU
oprann3m. Mmyrcs nytu 0e3 ocoboro TpyAa Cco34aHMs O0XKHJAEMOTO HOBOTO
XUMHUYECKOTO IpenapaTta. B pe3ynbprare MouckoB NOMy4yaroT 3 Wi 5 pa3HOBUIHOCTEH
TaKUX XUMHUYECKMX coequHeHui. Kaxaplii M3 3TuUX MpernapaToB anpoOHpyrOTCs
BBEJICHUEM B TEJO PA3IUYHBIX XUBOTHbIX M NTHUL. COOpaB 3TH JaHHBIE CHATBIX C
’KUBOTHBIX aHAM3UPYS U CPAaBHUBAS BO3MOXKHYIO UX JOCTOBEPHOCTH O TOM, UTO TOCTE
€ro BBEJICHUS B OPTaHU3M HE TOJBKO OCTAETCS B COCTOSHUU MPEXHEN )KUBYUECTH, HO U
MPOSIBUT CBOM 3 (EKT, TO €CTh MOJOKHUTEIbHBIE CUMIITOMBI yIIydlIeHUs! 00J1€3HU (ecu
ATO IEUCTBUTENILHO OOJILHOM opraHu3M ). BooO1ie TepMuH “00JIbHON OpraHu3M’ TakKe
ABJIIETCS TOHSATUEM OTHOCUTEIBHOCTH. MBI UMEeM B BHUIY, UYTO OTKJIOHEHHUE
apaMeTpoB OpraHM3Ma OT HOPMATHBOB JIaHHOTO BO3pacTa 3TO U ecTh 0oJe3Hb. Mcxonas
U3 3TOTO MOXKHO Pa3/IeaUTh OOJIbHBIX Ha JIBa TUMA!

1) TpeOyroImuX CTAIMOHAPHOTO JICUSHUsI (JIeXKAIIUE)

2) HE TPEOYIOIUX CTAIMOHAPHOTO JICUCHHUS (XOISIITHE)

B s11000M ciryyae npenapar J0JIKeH AaTh MOJI0KUTENbHbIN I deKkT npu
c00JII0IeHMHU BCeX PeKMMHBIX YKA3aHUM HcciegoBaresisi. UYnrarearo NOHITHO, YTO
B JAaHHOM CJIy4ae, HCCJIeA0BaTe/Ib ITO B TO 5Ke BpeMsl, CKOpee BCero M, Jieyalui
Bpay4

Ecnu npemapar He maer mojokuTenbHOTO 3(ddekra, TO UccienoBareib CHOBA
aHAIM3UPYET aHAJIOTUM U BBIOMPAET HOBBIM MYTh CO3JIaHUS OXKHUJAAEMOTO Mperapara.
Teneps 3TOT TyTh OyAer Oosiee CIOXKHBIM 4eM mpenbiayuii. Ilocne momydeHus
npenapara 3Ta Ipoleaypa moBTOPSETCS.

B koHedyHOM uTOre HEOOXOAMMBINA Mpenapar MOJIy4yaroT MyTeM KaTajlu3aluH C
AKTUBHBIMU 3JIEMEHTaMU U HarpeBanueM. [lociie TOCTUKEHUU 1IeNU C TTOJI0KUTEIIbHBIM
s dexTom mpenapar peKOMEHIYETCS B CEPUHHOE TTPOU3BOACTBE ISl JICUCHUSI OOTBHBIX
C KOHKPETHBIM JUarHo30M.

Tema Nel4. Merono10rusi uccjiei0BaHUA PaJM0AKTUBHOIO
pacnajaa u JeJieHus siep

BHauane KOpOTKO O BO3JECHCTBUY M3JIyYCHUN BBICOKOW dHEPruu. B COBpeMEHHOMU
TEXHHUKE BO3MOKHBI TAKHE YCIOBHS UCIIOIb30BAHUS JIEKTPOAIIAPATYPHI, IPH KOTOPBIX
OHa OKa3bIBAETCS IMOJ KPAaTKOBPEMEHHBIM WIJIA JUIATEIBHBIX  BO3JEHCTBUEM
KOPIYCKYJISPHBIX, TMO0 BOJTHOBBIX PAIMOAKTUBHBIX M3ITy4eHHUU BhICOKOU sHepruu. [Ipu
ATOM Ba)XHO 3HATh CTENEHb YCTOWYMBOCTH MAaTEPHUANOB K BO3JCHCTBHUIO H3ITyYCHHH,
COXpaHEHUSI UMHU CBOMX DJIEKTPUUECKUX U MEXAaHUUYECKUX CBOMCTB, T.€. paouayuoOHHy0
cmotikocmob. [103TOMy K HW3BECTHBIM (U3UYECKUM, SJIECKTPUUECKUM W XUMHYECCKUM
XapaKTEPUCTHKAM MaTepuaia JOHKHO TOOABISATHCS U TPEOOBAaHHUE €ro pagraIliOHHON
CTOMKOCTH.

OTMeTHM, YTO K KOPNYCKYIAPHbIM U3LYYEHUAM OTHOCSITCS OBICTPHIC U MEIJICHHbIE
HEWUTPOHBI, OCKOJIKH SIIEP, & - YACTULBI [ - Ty4H (3JEKTPOHBI PA3IMYHBIX CKOPOCTEN).
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K 6onnogvim uznyuenusm NpUHALIEKAT U, KECTKUE U MITKUE PEHTTEHOBCKUE
n3nydeHus. WHTEHCHBHOCTD H3IyYeHHs M3MEpSAIOT B Bm/M’, a 1is HEHTPOHOB 4aCTO
YKa3bIBAIOT IUIOTHOCTh MOTOKA OBICTPBIX MM MEUICHHBIX HEHTPOHOB CKBO3b Ii’.
WNHorna nans XapakTEpUCTHKU Ipouecca OOIMy4EeHMsI MCIONb3YIOT MPOU3BEICHUS
IUIOTHOCTh IOTOKAa HEMTPOHOB, CKOPOCTH M BpeMeHM oOsydyeHusa. Hamomuum, 4To B
cucreme CH 5KCIIO3UIIMOHHAS 1032 PEHTTEHOBCKOTO M TaMMa-U3Ty4YEHUs U3MEPSETCS B
Kn/ke, a MOITHOCTB 3TOM 03I — B A/ke. CyniecTByeT Mexay eauHunamu cucremsl CU
YU paHee BBEJCHHBIMM M JO HACTOSIIET0 BPEMEHU €UI€ IIUPOKO HCIOJIb3YEMbIMU
€AMHULAMU CJIEIYIOIEe COOTHOLICHUE:

1Kn [ ke=3870 P,

rne P - penTreH, enuHuia n3MepeHNs U3ITy4eHUH.

Takoe ’ke COOTHOIIICHHE MEXKy aMIIepOM Ha KHJIOTPaMM U PEHTTEHOM B CEKYHITY.
JlJiss OPUEHTHPOBKUA YKaKE€M, YTO TpH OOJYyYEeHHUH TramMma — WM PEHTTEHOBCKUMU
Jy4yaMHu TpeneibHas AOMyCTHMas AJis 4eloBedeckoro opranusma jgo3za pasna 0,05
P/yeys, 9TO TIPH TIECTUYACOBOM paboueM JHE cocTaBisieT 2,3 mxP/cek.

OHeprus HM3JIy4eHHMs], MOMajaB Ha MOBEPXHOCTh Teila (MaTepuaina), yObIBaeT IO
Mepe MPOHUKHOBEHUS B TIIYOWHY I10 3aKOHY:

Py =P, exp (- ), (39)
rne P, — MOIITHOCTH /03B B BO3/IyX€ Y MIOBEPXHOCTH TeJia, B PpEHTTEHAX;
X - r1yOuHA MPOHUKHOBEHHS, B MM,
1 - 3pdexTuBHBIN KO3PUITMEHT oCIabIeHHs U3TyYeHUs B Telle (MaTepuale).

Ippexmusnviii koagppuyuenm ocrabrenus 0as npocmuix seujecmes (He aKTHBHBIX
BEILIECTR)

u~k 2723 p, (40)

r7ie A - JJIMHA BOJHBI U3IIYYCHHUS, B M,

Z - HoMep dJieMeHTa B Tabauiie MeHeneena,
0 - TUIOTHOCT,
K- ko3 puimeHT nponopuuoHaIbHOCTH.

Takum 00pazom, OTIIONICHUE U3TYYCHHs B MaTepralie, Kak BUTHO U3 BBIPAKCHUS
(39), 3aBucHT OT MpUPOIBI TENA (MaTepraia) U KauecTBa CaMoro u3nydeHus. PaccesHue
SHEPTUM U3ITyYEHHUs TIPOUCXOANT B OCHOBHOM 3a CUYET MOHM3AIMH ((PU3UKHA HA3bIBAIOT
ee BHyTpeHHUM GoTodddexToM), BO3OYXKIAEHHUS aTOMOB, a MPH OYEHb OOJBIINX
DHEPrUsiX — 3a CUeT SJEPHBIX MpeoOpasoBaHmil. YacTh JHEPTHU PACXOIATCS Ha
BBIOMBAHWE aTOMOB WJIM MOHOB B MEXKIY y3JaMH, MPUYEM B PEIICTKE TMOSBIISIIOTCS
BaKaHCHUM U JeEKTHBIC IIEHTPHI (CM. puc.3 ).
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Puc.3 Ilyctoit y3en u coOOCTBEHHBIN HOH B MEXK]y y3JI0BOM IIPOCTPAHCTBE

B 3aBUCHMMOCTH OT CTPOEHHUS BHEIIHHMX 3JEKTPOMArHUTHBIX 000JOYEK aTOMOB
MOTYT 00pa30BbIBATHCS PA3JIMYHBIE BUIbI CBSA3H.

Kosanenmmnuiti Ha3pIBaeTCA CBA3b ATOMOB APYT C APYrOM, TOCTUraeMasl 3a CYET
ANEKTPOHOB, KOTOPBIE  CTa-
HoBsiTca oOmumu. Kosa-
JICHTHAs CBSA3b HAOIIIO1aeTCs
B MOJIEKyJaxX, 0Opa3oBaH-
HBIX METAJUIOBHIHBIMH aTO-
MaMH (Hampumep, B MoJe- Puc.4 Cxema
KyJie XJIOpa). JIByXaTOMHOM C

KOBAJICHTHOM CBSI3bIO

Bropou BuUI CBSI3U — UOHHAA C6:43b — ONPENEISIETCS CUJIIAMM MPUTSKEHUS MEXKITY
MOJIOKUTEIIBHBIMA M OTPULIATEILHBIMU HOHAMU. [IpuMepamMu HMOHHBIX KPHUCTAILIIOB
SBJISIETCS TAJIOUIHBIE COJTU IETOYHBIX METAIIJIOB.

TpeTbM BUIAOM CBSI3U SIBIACTCS MEMALIUYECKAs C6:A3b, TPUBOISIIAS TaKHE K
00pa30BaHUI0 TBEPIBIX KpUCTALIWYECKUX Tea. Hammuue cBOOOIHBIX 3JIEKTPOHOB B
ATUX KPUCTAIUIMYECKUX TEIax MPUBOJUT K BBICOKOM 3JIEKTPONPOBOAHOCTU U
TETJIONPOBOAHOCTH METaJlIa, & TAKUE SBJICHUS MPUYUHOMN OJIeCKa METaJIOB.

YeTBEPTHIM BHUAOM CBSA3U SBISETCA MOJNEKYAAPHAS €643b (€€ Ha3bIBAIOT TaKXKE
ceazvio Ban — Oep — Banvca). Takas CBsI3b CYHIECTBYET y psifla BEIIECTB MEXIY
MOJIEKYJIAMU C KOBAJICHTHBIMHA BHYTPUMOJIEKYJISIPHBIMU CBSI3SIMU.

BoszneiictBue  M3aydeHHME  MOXKET INPUBECTH K  PALY  MOJICKYJISIPHBIX
npeoOpa3zoBaHuil. MeToanYecKUe HCCICAOBAHUS MOJICKYJSIPHBIX MPeoOpa3oBaHUl U
XUMUUYECKUX PEaKIUi, B OCHOBHOM, OCTAETCSI TEM K€ YTO ObUIM OMKCAHBI BHIIIIE.

Cuutaem MOJE3HBIM 3HATH MPUOJIMKEHHBIE COOTHOILICHUSI MEXKIY Pa3IMuUsIMU
€IMHUIAMU U3MEPEHHUS TTOTJIOMIEHHOM 103bI U3TyYECHUS:

Buo uzmepenus Yacmo ucnonvzyemas Ixeusanenm, pao.
eouHuya (paouayus)
DIEKTPOHBI Anexrpos (1 MaB) Ha 1 e 0,4-10"
Y — U3JIy4YEHUe y — kBat (2 M3B) Ha 1 cm’ 0,7 -10°
PeHTrenosckoe u3jy4yeHue
U Y — U3J1y4eHue Pentren 0.93
Helitponsl TemoBoit HelTpoH 1 cm 1-107
BbricTphIit HEUTPOH 0,3-10°®
(2 M»3B) Ha e

Mownocms no2nowéHHoU 0036l U3TYYEeHUs
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1 pao /cex = 0,01 6m / ke = 10°° M pao / cex.

Tema NelS. BepositHocTh pacnajga. HayanbHble M TPaHUYHbIE YCIOBHS.
Cpeanee BpemMsl »KU3HU PAAHOAKTHBHBIX ATOMOB

Teneppr mnepexoguM K METOJNOJOTMM CHMBOJHAYECKOIO MaT€MaTUYE€CKOIO
ONMCAHUS PAITUOAKTUBHOIO pacIara.

OCHOBHOM 3aKOH PaJMOAKTUBHOTO paclara COCTOUT B TOM, YTO OTHOULIEHUE
YHCJIa PACIaBIIMXCS 332 €IMHUIYY BPEMEHU aTOMOB K OOIIEMY YHCIIy aTOMOB SIBJISIETCS
IIOCTOSIHHOM  BEJIMYMHOM, 3aBUCSLIEM TOJBKO OT Buaa aromoB. Ilpu stom
MO/Ipa3yMeBaeTCs, UTO OOIIIee YUCIO aTOMOB BEChbMa BEJIMKO.

DTa BeNMYMHA HA3bIBAETCS BEPOITHOCTHIO pacnajga. OO003HAYUM KOJIMYECTBO

aTOMOB, KOTOpBIE €I He pacnaiuch K MoMeHTy Bpemenn t, uepes N (t). B moment
Bpemenu [ + d U me pacmasmmxcs atomos 6ymer N(t + d ). TTostomy 3a Bpems d t,
T.e. or 1 mo t+dt, pacmamaercs N() - N(t + d f) = - dN aromos. BepostHOCTS

pacriaga @ = —% :

aN
Otcrona ot -oN,

M3 »storo COOTHOHICHUs, BCIIOMHHAsA, YTO PasMCPHOCTb % TakKasd XC€, 4YTO H
N 1
COOTHOIICHHUA 7 BUOUM, YTO BEPOATHOCTH pacnagza W HMCET pa3MCPHOCTH —— .
CCeK

HavanpHOe ycCllOBHE COCTOMT B 33JaHMM YHCJIAa aTOMOB B HayajbHbIi MOMEHT
spemenr: mpu L =0, N =Nj

OnpeneneHre BEpPOSTHOCTH pacnaja Kak COOTHOUICHUS YHCIA paclaaoB B
€AVHUI]y BPEMEHU K HAYaJbHOMY 4YMCIIy aTOMOB CIIPAaBEIJIMBO TOJIBKO B TOM Cllydae,
€CJIM YKCIIO PacIaioB B €IMHUILY BpEMEHU (B CEKYH/y) COCTaBISIET MayIo JAOJIO Yucia
aToMmoB. To4HOE onpeiesieHue BEPOATHOCTH pacnana JaéTcsi UMEHHO (GopMyion

1 aN
N (@)

T.. BEPOSATHOCTh pAaCHaja paBHA COOTHOLICHHUIO YHCIA paclazoB 3a Mablid
MPOMEXYTOK BPEMEHH K 00ILIEMY YHCITy aTOMOB M K BEJIMYUHE MPOMEKYTKA BPEMEHH.
Pewas ypaBHenue (41) mosnb3ysich HAUAJIBHBIM YCIIOBUEM HAXOJIUM:

N = N, e’ (42)

W3BecTHO, 4TO MPOU3BOIHAS MMOKA3aTeIbHOW (PYHKIIMH MPOTOPIIMOHATbFHA CaMOU
byHKIUH, T.C.
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X
M = Const - aX ,
dx
OTCHO1a

ace™ cke™
ax

ecmu  C u K - mocrosiHHBIE. MCmOnb3ysi 3TO CBOWCTBO IMOKA3aTeNbHOW (DYHKITUH,
MIPEANOJIOKUM pelieHre ypaBHeHus (41) umeer Buj

N=cCée (43)

3neck HyxkHO momobpatb C u K Tak, 4TOOBI yIOBJIETBOPSUIMCH YpaBHEHUS U
HayaJbHOE YCIIOBHE.

Huddepenunpys (43) nomydum:

AN _ Ckek = ki ;
ar ’
MOJICTaBUM 3TO B (41):
KN =—-wN |
orctona K = -@ . Tlomoras B (43) t = 0 ¥ mosb3ysich HAYaJbHBIM YCIOBHEM,

nonyuaeM C =N, . Urak, N =N, et

Benmnunna -wl Ge3pazmepHa, Kak U JOJKHO OBITh.

PanmoakTrBHBIE aTOMBI XapaKTEpH3YIOTCS MEPHOAOM Mojiypacmana T, KOTOPBIN
NpEeCTaBIsieT coOOM BpeMmsi, B TEYCHHHM KOTOPOTO 4mciio atromMmoB N  BcieacTBHe
pacrmajia yMEeHBIIIAeTCs BABOE MO CPAaBHEHUIO C HAYATHHBIM.

OnpenenuM nepuoA nosypacnana. M3z popmynsr (42)

N(T) — /\6 e—a)T

_1
C apyroii CTOpOHBI, IO OTIPEETICHUIO MT) = 2 N . [Toatomy

—0 1 : —o 1
Nye TZEM' ¢ TZE ' OTKyZa
In2 0,69
—a)T=—|n2, T=;z7 (44)

[epuon nosypacmaaa o0paTHO MPOMOPIIMOHATICH BEPOSITHOCTH PACIIaIa.

Kaxplii aToM, Mpexjae 4YeM pacracThCs, CYIIECTBYET HEKOTOPOE BpEMs, 3TO
BpEMsI Ha3bIBACTCS BpeMeHeM JKH3HU aToMa.

Cpennee BpeMs >KH3HH { pa3IMYHBIX PAaJUOAKTHUBHBIX aTOMOB pa3lIMYHO. Tak,
HaIpUMep, H3BECTHO HECKOJIBKO M30TONOB ypaHa. OJH U3 HUX ypaH C aTOMHBIM BECOM
238 (U *®), umeer cpemnee Bpems xus3uu t= 7- 10° ner. Jpyroii msoton (U %) umeer
cpeanee Bpems skusHE  t= 10° mer (mONMydeHHE ATOMHONH SHEpPrHH HA ATOMHBIX
SIIEKTPOCTAHIKSX TIPU JABICHHM ypaHa MPOMCXOIUT B OCHOBHOM 3a  cuér U ),
Cpenuee Bpemsi paous 2400 ner.
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OrmeTruM, d9YTO B (PU3NYECKHX CHOPABOYHUKAX YAaCTO TPHBOMAT TEPHO
nonypacrnana 7 = 0,69 t.

OpHako HEe HAJ0 JIyMaTh, YTO CPEIAHEE BPEMS )KM3HU BCEX PAJMOAKTUBHBIX aTOMOB
ucyucisieTcss TeicsdeneTusMu. Cpeau paJrOaKTHBHBIX BEIICCTB, BCTPEYAIONTUXCS B
npupoae W M3NTydC€HHBIX cynpyramMu Kroopu u DOprectom Pesepdopaom, mmeercs

MOJIOHUH CO CPEeTHHM BPEMEHEM XU3HU OKoJio 4 MuHYTH U paauid C ' co cpemHuM

BpPEMEHEM KM3HH oKkosto 200 IHei, paguii A cO CpPeIHHM BpemeHeM skm3un 2 - 107
CEKYH/BI.

B cBsa3u ¢ pasBuTHeM sAnepHOM (U3MKH W HCIOIB30BAaHHMEM AaTOMHOW SHEPIUU
OTKPBITO OrpoMHO€ KojudecTBO (6osee 400) pa3nuyHbIX pajMOAaKTUBHBIX BELIECTB C
CaMbIM Pa3JIMYHbIM CPEJHUM BPEMEHEM KU3HH.

Ecnu B MomenT Bpemenu { umeercst N(t) HepacmaBmmxcst aToMOB, TO B €IUHHILY

Bpemenu pacnanaetcs N(t) = o N(I) aromos. Beanuuna n(f) ects ckopocts pacmana
aTOMOB.

Ecnu sneMeHT nmeeT 0oJbIIOE CpelHee BpeMs KM3HU, MPOBEPpATh hopmyiy (42)
HA ONBITE HE YHAETCH.

OnHako, MPUBOJS OIBITH C PAAMOAKTUBHBIMU BEIIECTBAMHU, UMEIOITMMH HE OYEHb
00JIBIIIOC CpeHee BpeMs JKU3HH (OT HECKOJIBKUX MUHYT J0 HECKOJIBKUX JIHEH), yaaéres
¢ OoJbION TOYHOCTHIO mpoBepuTh (opmyny Nn(f), a TemM caMbiM MOATBEPIUTH
dbopmyisl (41) u (42).

Tema Nel6. O6 ncropryecKux nepexoaHbIX HOPMATHBAX
(Ha mpuMepe rYYMAHUTAPHBIX HAYK)

[lepBoHAYaIbBHO HOPMATUBOM HAYKH CUUTAIM TYMaHU3M SIKOOBI CYITIECTBOBABIINN
B KHS)KECKMX M JIBOPSHCKHX CJIOSIX HaceleHus. VcTopuss BO3HUKHOBEHUA W
pacnpoCTpaHEeHHs TyMaHU3Ma IPUMEPHO TAKOBA.

CJ10BO TyMaHHM3M — JIATHHCKHMI humanus — o3HadaeT 4ea0BeYHbIN, BOCITUTAHHBIMH,
KYJbTYPHBI, YTO CYIIECTBOBAJI B BEPXHUX CJOSIX DJIUTHI (BBICOKOIIOCTABICHHbBIC
rocyJapCTBEHHbIC YNHOBHUKHU, KHS3H, IBOPSIHE, U JApyrue 6orayu Toro BpemeHu). OHu
oOpammayiuch Apyr K Apyry coOJiofasi TMOJHOE YBa)XEHUE, BEPHEE BCETO BBICOKYIO
OCTOPOKHOCTh M Ha3bIBajdu APYr JApyra KyJIbTYpHbIMH JIIOAbMH. [lo3TOMY CIIOBO
TyMaHHU3M O3Hayas, KyJbTYpHOE. JTH K€ JIIOJM HAYAJIM MPUBIIEKATh HA CBOU BCTPEUU
MO3TOB M MHUCATEJIEH TOrO BPEMEHH, CIIYIIAIN OTPBIBKA MX MPOU3BEIACHUM, JABAIN UM
CBOM OLICHKU. BrociencTBuM CJIOBO TyMaHU3M TMPUOOPENT CMBICI JUTEpPaTypHOE.
[To3nHee net U caMH JBOPSHE YWTAIW KHUTU U OOCYXKIAdu CMBICH MPOYUTAHHBIX
npousBeAeHui. Takum 00pa3om, 3TO CJIOBO TPUOOPENT HA3BaHHUE HAYUHOE.

WNuorna B 3TUX Kpyrax oOCy»Janu OOIIECTBEHHBIM CTPOM M BBICKA3BIBAIM CBOE
MHEHHUE M0 MOBOAY JABMKCHUS HU3LINX CIOEB. Takoe ABUKEeHUE BOo3HMKIIEe B tanuu u
pacCIpOCTPAHUBIIEECS BIOCIEACTBUU Takxke B ['epmanum, ['otanguu, dOpaHiuu u
AHIIIMM TIpUBENM K OOOTalIeHUI0 TYMaHHUTAPHBIX, OCOOEHHO, (PHIOCOPCKUX HaYK.
['ymanu3M ObLT UIE€OJIOTHENH CPABHUTEIBHO Y3KOTO OOpPa30BaHHOTO Kpyra M BO3HUK U3
noTpe6HOCTH 00pbOBI MPOTUB (Peoganu3mMa u HeoqaTbHOTO 3aKPENOIICHUS TNYHOCTH.
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Takum o6pa3om, CI0BO 00pa3oBaHUE U KYJIbTYPhl CYUTAIICS TYMaHU3M, KOTOPBIA B
pa3zHoe BpeMs MpuoOpeTas pa3Hblii CMBICT MOBEACHUS U T'YMaHUTAapHble 00pa3oBaHuUeE,
U, JaXe, HAyKU.

CuurtaeM HEOOXOAMMBIM OTMETUTH, UTO HayKa 3TO UTOT, COBOKYIMHOCTh 3HAHHUM O
MpUPOJIE, OOIIECTBE M MBIIUICHUH, HAKOIUIEHHBIX B X0JI€ 0OIIECTBEHHO MCTOPUYECKON
xu3Hu. Hayka ctpemuTcs wu300pa3uTh MHUp, €€ Iedb-HAWTU 3aKOHBI SIBJICHHH,
oObsicHeHHe siBieHU. OHa pa3BUBAETCA U JIBHXKETCS BIEpE] BMECTE C Pa3BUTHEM
obuiecta. [Iporpecc ee 3akitouaeTcst B TOM, 4TO OHA BCE TOUHEE U IITy0)Ke 0TOOpakaeT
JNEUCTBUTENBHOCTh. Hayka BO3HMKAeT Ha OCHOBE IMPOM3BOJCTBEHHO-NPAKTHUYECKOU
NESITSIILHOCTH JIFOJEH.

B cBs3u moTpeOHOCTSIMU HOBOM TEXHUKH WHXKCHEpPHAS MPAKTHKA HAIUX JHEH BCe
Yanie ¥ yalle BCTPEUYaeTCsl C MaTeMaTUYECKUMH 33/lauaMH, TOYHOE PEUIEHHUE KOTOPBIX
BEChMa CJIOHO WJIM HEU3BECTHO. B 3TUX ciiydasix 0ObIYHO MpUOEratoT K TEM WJIM UHBIM
MPUOIMKEHHBIM  BbIUUCICHUSIM. [loaTOMY TpHUOIMKEHHBIE W YHMCJICHHBIE METOIbI
aHaJM3a NOJyYWIH IIHPOKOE Pa3BUTHE.

BriOupass 4uciaeHHBII METOJl Cpeld HU3BECTHBIX METOJIOB, WJIM pa3padarbiBas
HOBBIW, MBI JOJDKHBI YYUTBHIBATH CHEUU(PUKY MAIIUWHBI, HA KOTOPOM MpeArnoJiaraeTcs
perarh 3aaauy.

[Ipy npuUONMIKEHHOM pelIeHUWH 3aJad  HEOOXOJUMO OLEHKA MOrPEIIHOCTh
ITOJIyYE€HHOTO pe3yJbTaTa.

Jlureparypa

1. E.B. ITanemoB. Temneparypa mpoBosiokd B mporiecce BojoueHus. CO. «Pacuér u
KOHCTPYMpPOBAaHUE 3aBOJICKOTO oOopyaoBaHus», Brin.45. MockBa-CBepioBCK,
Mamrus, 1953.

2. b. Amumos, M. Mkpamos, 3.A.Marpynos. TemneparypHbie sSIBIICHUS PU BOJIOYEHUH.
C6. «Bompocsr kubepHeTukn», Boit. 48. ®AH. Tamkent, 1972.

3. W.I'. ApamanoBuu, B.W. JleBun. VYpaBHeHnuss martemaruueckoil ¢usuku. W3m.
«Hayxa» 1964.

4. A l. Kosonenko. OcHoBbl Tepmoympyroctu. U3n-Bo «HaykoBa ¢usuka», Kues,
1970.
5. b. AnumoB, M. HkpamoB. /luHamudeckue ycuiusl Ipu BojodyeHuu Metaia. CO.
«Bomnp. KubepHetuku u BeunciauTeabHo Marematuku» Boin.33, ®AH, TamkeHr,
1969.
. 3eapnoBny b.M. Maremartuka niist HaunHaromumx. @usmarrus. M. 1985.
. Bentuens E.JI. Teopus BepositHocti. M. @usmarrus. 1980.
. I'yxman A.A. Beeaenue B Teoputo noaooust. ['ocxumuznar. M. 1962.
. IToxoB A., MancypoB b. Dnekrporexuuka. M-JI. Dueprus. 1971.
10. Ilerymmn A.B., CtpaxoB C.B. OcHoBbl 3nekrporexuuku, | u Il. M. Dueprus,
1955.

11. @enpadaym A.A. DIEKTpUUYECKHE CHCTEMBbl aBTOMATHUECKOTO pPETyJIUPOBaHUS
M., O6oponrus, 1954.

12.  TI1LK. Axynemma U.A. Komnes, K.E. Kynsounkuii. Teopust cBsi3u 1o MpOBOJOM.
Ceszpuzaar. M. 1940.

13.  Ocnossl anekTporexuuku. [log pen. K.A. Kpyra, ['ocaneprousnar. M. 1952.

O© 00N

35



36



	КОНСПЕКТ ЛЕКЦИЙ
	Составители:    Б.А. Алимов,  М.К. Арипджанов

	Введение
	F = kx
	Такой силе соответствует потенциальная энергия
	Подставим выражение (35) в основное уравнение (34); так как
	Тема №14. Методология исследования радиоактивного
	Эффективный коэффициент ослабления для простых веществ (не активных веществ)
	Рентгеновское излучение




	Мощность поглощённой дозы излучения
	Тема №16. Об исторических переходных нормативах
	Литература




