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1. BeedeHue

JAnanekTndeckoe mojie OMHAPHBIX YHUCEJ

Hannume  ka4eCTBEHHO  NPOTHUBOIIOJOXHBIX  CBOWCTB  SIBIISIETCS
(yHIaMEHTAIBHBIM 3aKOHOM MamepuaibHo-udeaivriol BeereHHon.

N B ouanexmuuecrkou ¢usuxke (BomHoBoit Mopgenu, BM), koTopyro Mbl
pa3pabarpiBacM, OWHApHOE TIOJi€ CONPSDKEHHBIX IMapaMeTpoB  (Yucen),
SBJISIONIUXCS 00a peallbHbIMU, YUYUTHIBACTCS 3TOT (PaKT.

JIBe nuaMeTpasibHO MpOmuUBONON0NCHble TI0 3HAKY ancedpst BM, KOTOphIM
MOMAYUHSIIOTCA JIB€ KAU€CTBEHHO MPOTUBOIOJIOXKHBIE KOMIOHEHTHl OMHAPHBIX
yuCell, SABJISIOTCA CICICTBUEM OUAIEKMUYEeCKo20 3aKOHA  YTBEPKICHUS-
OTPUIIAHUS JJIsi KAYECTBEHHO MPOTHUBOMOJIOKHBIX OWHAPHBIX CYXACHUU O
IpUPOJIE JIFOOOTO 0OBbEKTA WIIU TIpolecca.



B ouanexmuueckom none ouHapHsix uncesn BM «wwnumviey yncia
HE CYIIECTBYIOT.

Bce conpspk€nHble uuciia peanvruvi. Ho mo Qopme mpencraBieHus
OuHapHvle ouanrekmuyeckue Yyucaa nojJoOHbl OOBIYHBIM KOMHIEKCHbIM YUCIAM.

B YaCTHOCTHU, KOMIIJICKCHAs BOJIHOBAas (I)YHKI_[I/IH, ABJLOMIAACA PCIICHUCM

BOJIHOBOTO YPABHEHHUS .1 8%
A 5 5 :O
c” ot
COCTOMUT, KakK IPUHATO CUMTATh B MaTeMaTUKe, M3 “‘OelicmeumenbHblX W
KUHUMBLX» YTEHO8 .

Comtacio BM, packpeiBiieil gpuzndyeckuili cMbicil BoiaHOBOW ‘W-(yHKuu,
NOCHEAHSAL  COCTOMT  MOAbKO W3 OeucmeUmenbHulX  KOMIIOHEHT
THAJTEKTHYECKOTO M0JIsI OMHAPHBIX YHCEJI.

OTpaxass TMOTCHIUAIBHO-KUHETUYECKUN  XapaKkTep  IMOKOsS-IBUKCHHUS,
BOJTHOBasl (PYHKIIMSI, KAaK Mbl BBIACHWJIM, COAEPXKUT uHOpMaIuo 00
000JI0YEYHO-Y3JI0BOM (MOJICKYIISIPHO-TTOT00HOM) CTPOSHUH aToMOB [1].



llepuoo oOuanekmuueckoco nonsi OMHAPHBIX YHUCEN A TNPU OecAMUUHOM
OCHOBaHMM HUMEET (YHJAMEHTAIbHOE 3HAYeHUWE M, KaK HaMH ObLIO
YCTAHOBJIEHO, PaBEH

A=27lge=2.72875.... (1)

HecMoTpss Ha JOCTUTHYTOE€ B JUAJEKTHYECKON (PU3MKE TMOHWMaHUE
OPUPOJBI «MHHUMOM» COCTABJISIIONIEH KOMIUIEKCHBIX YHCEN, CHUTyalus B
COBpEMEHHOH (HM3UKE C «MHHMOi» eamHHIeH “i" (paBHOH i=+/-1), a
CJIEIOBATENIbHO, C KOMIUIEKCHBIMU YHCJIaM{, HE U3MEHUJIACh U HAXOAUTCS Ha
TOM € CaMOM yPOBHE HEMOHUMAHMS UCTUHHOW CYTU «MHUMBIX YHCEID», KaK
aT0 ObLT0 Oosiee uem 300 et TomMy Haza.

Hamommro. I'. JIeitouun (Leibniz, G. Wilhelm, 1646-1716) B 1702 nucaur:

«Muumbie wucia — 3mo npeKpacHoe u yyoecHoe yoercuuie
Oodicecmeenno2o oyxa, noumu 4mo am@puous bvimus ¢
HeOblmuem».



A BOT 4uTO0 mucai mo 3tomy rosoxay Jleonapa Jisaep (Leonhard Euler)
B KHUTE “Aneeopa” (1770):

“Keadpamuvie KOpHU U3 OMPUUAMETbHBIX YUCEN He PABHbL HYI0, He
MeHbvle U He boibule HYIA.

Omcroda sAcHO, Umo KeaopamHuvle KOPHU U3 OMPUUAMENTbHBIX YUCE
He Mmoaym Oblimb cpeou BO3MONCHBIX (0elucCmBUmenbHblX, pPealbHblX)
yucer.

CredosamenbHo, ¥ HAC Hem HUKAKO20 OpYy2020 Nymu Kpome Kak
NPUHAMb YMU YUCIA HEBOIMONCHBIMU YUCTIAMU.

Omo npusooum HAc K NOHAMUIO HYUCEL, HEBO3MONCHBIX NO CYUIeCmE),
KOmopbvie O00bIYHO HA3bIBAIOMCS MHUMbBIMU ((PUKMUBHBIMU) YUCTAMU,
NOCKOJIbK) OHU CYULeCMBYIOM MOJIbKO 8 HauleM 8000paxdceHuu’” .



OmHocsCb K MHUMbBIM YUCIAM KAK K

«HepeabHbIM», «GPUKTHBHBIM,
(U3MKK B HEKOTOPHIX CIIy4yasx I@pU TEOPETUYECKUX TOCTPOCHUSX CTajlH
M30aBIISITECA OT HUX, YTO MPHUBEJIO K CEPHEIHBIM HETaTUBHBIM MOCJEACTBUSIM.

Bor sapkuit npumep. HM3-3a HENOHUMAaHUSA CMBICIIA «MHUMO20» 4YJIEHA B
KOMITJICKCHOUW BOJIHOBOHM W-(yHKITNH, MosBUIach KBaHToBas MexaHuka (KM) ¢ eé
OIMMOOYHBIMU KOHLICTIUSMH, OCHOBY KOTOPBIX COCTAaBJISIFOT MHOTOUMCIICHHBIC
aOCTpaKTHO-MAaTeMaTU4eCKUE (BBIMBIIUICHHBIE) TOCTYJIATHI.

Hanprenmee pazButue KM, BBeleHHME HOBBIX MNOCTYJIATOB, IPHUBEIO K
MOSBJICHUIO  KBAaHTOBOM  JJIEKTPOAMHAMHUKUA —  JIOMUHUPYIOLIEHW  TEOpUU
COBPEMEHHOU (PUBUKH.

JIEUCTBUTENBHO, W3-3a HAIUYUA «MHUMO20» YJIeHa, (U3NYECKUH CMBICI
[Ip€nMHrepOBCKOM KOMIUIEKCHOM BOJIHOBOM YW-(yKunu HE ObLUT MOHAT (PU3UKAMMU.

N uTo6B1 n30aBUTHCS OT Hero, bopa B 1926 romy mpeaaokui BEPOSITHOCTHYIO
MHTEPIIPETAINI0 3TOH pyHKIMH [2].



CornacHo JaHHOW MHTEpIpeTanuu GU3NIECKU CMbICT UMeET He cama V-
(YHKIYS, MPOCTPAHCTBEHHASI COCTABJISIONIAs KOTOPOU UMEET BU/I,

\I/n,l,m = Rn,I (r)®l,m (e)(i)m ((P) (2)

a KBagparT €€ Moaysa (mpou3BeAcHHE (QYHKIMM Ha €€ KOMIUIEKCHO
CONPSKEHHYI0), KOTOPBIM OMNpENENSeT IUIOTHOCTh BEPOSITHOCTH, T. €.
BEPOSTHOCTh HAXOXKJICHUSA 4YaCTHUIbl B €AUHHUIIE O0bE€Ma B OKPECTHOCTHU
TOYKH, UMEIOIIEH KOOPAUHATHI X, Y, Z:

\]\jn,l,m‘j\j;,l,m = Rr?l (r)®|2m (9) (3)

[IpuHuMas BO BHUMaHHE, 9T0 O (p)=€™ a @ (p)=e ™ , MBI BUAUM, YTO
Pe3yJILTATOM BO3BEACHHs B KBAJparT e& MOAYJs SBHIOCH n30aBICHUE OT
«MHHIMOID» COCTaBISIOmEH B W | m — a3UMyTaIbHON (DYHKIMH D, (¢) c eé
MHUMOH ¢IUHHUICH i=+/—-1



Coszmareneti KM 3710, mo-BuauMMOMY, HE OdYeHb BOJHOBaO. Cyns IO HUX
JACUCTBUIO OHM AyMaju CISAYIOMUM o0pa3oM: “IIockonbKy MHUMblEe YUCIA
(6enuuumnbl) He umerom QU3UYeCcKo20 CMbICAA, MO HYHCHO U3DABIAMbCL OMm
HUX”, 9T0 M OBLIO, KaK MBI BHJIHUM, CICIAHO, NPOCMO C TIOMOINBIO BBEICHUS
MIOCTYJIaTa, MaTeMaTHICCKH BBIpaXKEHHOTO oreparueii (3).

BcemencrtBue 3TOro mpuUIIOCh  OTKA3arbCsl OT IOHATHUS  TPACKTOPUU
IBWKECHUS JJIEKTPOHOB B arOME, T. K. OHO HE€ IPUMEHUMO IIPU ONUCAHUU
noBeAcHUs AMEKTPOHOB B KM B paMKkax nNpuHSITON BEPOSITHOCTHOW KOHIIECTIIIHAH.

Tako#l mar, cocTosIMi B yJAJCHUU HEYJOOHBIX a3UMYyTAJIbHBIX (YyHKIUNA

®_(¢) n3 pemenwii, BbI3BaT psj mpodnem 11 KM mpu omicannn BHyTpeHHEH
CTPYKTYPbl M DHEPreTUYECKHUX CIEKTPOB aTOMOB M TMOPOAWI KBaHTOBYIHO
anekrpoauHamuky (K3/I) (6asupyromryrocss B cBoe ocHoBe Ha KM), koTopas
BCE BpeMs 00peTcs ¢ OECKOHEYHOCTSIMU.

HecMoTps Ha 3T0, OONBIIMHCTBO (PU3MKOB, BEIPOCHINX HA YHUBEPCUTETCKUX
kypcax no KM, Bcé emi€¢ MojJHOCTbIO yOCXKICHBI, HAIPUMEP, B TOM, UYTO aTOM
BOJOPOIa XOPOIIIO ONMUCKIBaeTCA BOJIHOBOM (pyHkuuen [lpenunrepa.



CnencTtBrueM aOCOIIOTHOTO HETIOHMMAaHUS CMBICIAa MHUMOW COCTaBJISIONICH
KOMIUIEKCHOM BOJIHOBOM ‘W- (hyHKIIMU sIBUJIAaCh HEBO3MOXKHOCThH B pamkax KM
OMMUCATh MPOCTPAHCTBEHHYIO (OOBEMHYIO) GHYMPUAMOMHYIO CIPYKMYPY, T. €.
TEOMETPHUIO PACIIOJIOKEHUS HYKIIOHOB B aTOMaX.

Abcypauabie mipotuBopeuns, npucymme KM [3] (Ha xoTophie ykas3bIBain
MHOTHE€ UCCIIEIOBATENIN), SIBISIIOTCS PE3YJbTAaTOM MPUHATUS YIOMSHYTOTO
BBIIIIE BEPOSITHOCTHOTO TOAXOAAa U u30aeieHusi OT a3uMYTalbHOW (YyHKIUU
(TpeTbeii koopauHarhel). OgHAKO, B HAYYHOU JUTEpaType u yueOHuKax mo KM
TH NPOTHUBOPEUMST 3aMaTYMBACTCA, KaK €ciau Obl B TEOpHM ObUIO BCE B
MOPSIKE.

[ToaTOMy, B 4YacTHOCTH, Ha IPOTKEHUU CYIIECTBOBAHUS KBAHTOBOM
MEXaHHKH  TPpeXMepHoe  pachnpeaeneHue  dKcTpeMyMoB  W-gyHkiui
[IpenuHrepa HUKOTA HE OBLIO MpEACTaBiIeHO. BoT mpumep.

Cnenys KM, BEpOSITHOCTh HaXOXICHUSA JJIEKTPOHA B arOME BOAOPOJA B
ONPEAEIEHHOM TOYKE U B OINPEACIEHHBI MOMEHT BPEMEHU IPONOPLHUOHAIbHA
2
IUIOTHOCTH BEPOATHOCTH || .



[TosTomy, Hampumep, ipu | =1 u m = 0 MbI MeeM JBa SKCTpEMyMa TUIOTHOCTH
BEPOSTHOCTHU W[ = R%(r)®%(6) , HE 3aBUCAILEH OT (0, IIOCKOILKY |@, () =1 .

Oxcmpemymbl  HAXONSTCA HA MPOTUBOMOJIOKHBIX CTOPOHAX cQeprudecKon
IIOBEPXHOCTH, ONPEACIIIEMON PELICHUSIMU PAAUAIbHON COCTABIIAIOLIEH BOJIHOBOTO
ypaBHeHus Ry(r), B mouxax nepeceuenus pemennit mns Ry(r) n ©,,00) — S;u S,
Kak rmoka3ano Ha Puc.1.

0s,

a) b)
Puc. 1. I'paduueckuii 06pa3 nonapHoi GpyHkuuu 0,,(0) (a) — moBepXHOCTH
BpAIICHUSI, OTIPEEIISIIOIIEH TOJI0XKEHUE IBYX MOJIIPHBIX SKCTPEMYyMOB S, u S, (D)
IUIOTHOCTH BEPOSTHOCTH \LP\Z Ha panuanbHoit chepe R,(r); p — ycnoBHoe
0003HaUYCHHUE aTOMHOTO sJipa — IMPOTOHA.



O4eBHUIHO, 4YTO TaKOE€ npedcmasieHue O CTPOCHHHM aroma BOJOpPOAA,
cienyromiee u3 KM Teopum, ecium Mbl OyneM CTpPOro clegoBaTh €€
MOJIOKEHUSAIM M PELICHUsIM, Hecoemecmumo ¢ skcnepumernmom. IlogodHOE
HECOOTBETCTBUE IMPUCYILIE BCEM JPyruM (YHKIUSIM PEHICHHUS YpaBHECHUS
[IpenuHrepa, COTBETCTBYIOIIMX BCEMY OCTaJIbHOMY HA0OpY KBaHTOBBIX
grcen | ¥ M, uro ObLI0 yOEIUTEILHO MOKA3aHO B CEPUU IMyOIMKAIUA HaA ATy
TeMy (CM., Harpumep, [3-5]).

CornacHO nocmynamy cywecmeosanus JUaneKTUdeckoil duimocopuu u
noruku [6], Mup sBIIsIeTCS MamepuaibHo-udeaibHbIM.

MarepuajabHO-UaeaJdbHAas CYIHOCT, Mupo3nanus
MPEACTABISACTCA CUMBOJIIMYECKH JIOTUYECKUM OMHOMHUAIOM

M =M +iR (4)

rie M u IR, COOTBETCTBEHHO, MamepuaibHble N UdealbHble KOMIIOHCHTHI
Mupa; 3HaK «+» BbIpa)kaeT UX B3aUMHYIO CBSI3b, 3HAK «”» HaJl M 0003Ha4yaeT
KOMITJIEKCHOCTB M IIPOTHBOPEYHBOCTH (080ticmeennocms) Mupa.



[To3znanue Mupa npoUCXOOUT HA OCHOBE CpagHeHus U MyTEM CpaBHEHUs. B
NEepBOM MPUOTUKEHUU JHOOON SJIEMEHT COCTOSHUSI WU SIBJICHUSI TPUPOJIBI
UMEET no KpatiHeu mepe 08e CHOPOHbl CpagHeHusi. ITO TpeOyeT ONHUCcaHus HUX
OAAIEKTUYECKUMHA CUMMETPUYHO-ACUMMETPUYHBIMUA CYXXJICHUSAMU BUAa /Jla-
Hem. Yto 310 3Ha4UT?

B nuanextudeckor joruke M Quiaocopuu a, ClIenoBareibHO, U B (PU3HKE,
CyXJeHue Jla SBISETCA KauecmeeHHOU MEPOU YTBEPKIECHUSI KaK TAaKOBOIO 00
o0ObeKTE WM Tmpolecce. YUYTO Kacaercsi €ro KoaudecmeeHHou MEphl, TO
IUAJICKTUYECKOE CYXKIECHUE /[a omnpenensieTcsi SIBHO MEpaMH HCCIIEIYyEeMbIX
IPOIIECCOB U OOBEKTOB.

Takum oOpa3oMm, TI0J HESIBHBIM JTUAICKTUYECKUM CYyxXJIeHueMm Jla
MOAPa3yMEBACTCs] KOHKpPETHAas (Pu3Myeckas BEJIMYMHA, KOTOPYK CUMBOJI Jla
BBIPAXKAET JIOTUYECKHU.

Cyxnenne «/la»-«Hem» npencraBisgeT coO0OMl CHMMETPUYHYIO —Mapy
CyXKIeHUU «/[a» u «Hem», KOTOpPBIE MO CYTH SBIISIFOTCS ITPOTUBOIOJIOKHBIMU
CY)KJICHUSAMH, TaK 4YTO B O3TOM CMbICIIE 00a O3TH CYXACHUS SBISIOTCS
acCUMMETpHUYHBIMHU [6].



[TockoJibKy CBOMCTBA MPOLIECCOB U OOBEKTOB, BHIPAKEHHBIE THATEKTUYECKAM
CyXKJeHueM /la, B 0OIEeM ciydae IEepEeMEHHbIC, JaHHOE CYXKICHHE TaKkKe
SBJISIETCA TEPEMEHHON BEJIMUMHOMN, TIPEACTABICHHON (PYHKIIMEH €€ apryMEeHTOB.
Hampumep, ecnu /fa BpIpa)kaeT KUHETUYECKYIO DHEPIrUI0 MATEPUAIBHON TOYKHU,
TO 3HaYCHUE /[a PaBHO 3HAYEHUIO KUHETUUECKON DHEPTUHU.

B oOmem cnydae [la u Hem — €CTECTBEHHbBIE CYXJECHUSI 00 OOBEKTE MBICIIH.
OTU CYXJIECHUS BBIPAXKAIOT KAK KOIUYeCmBeHHbvle, TaK U KaAueCcmeeHHble
npeacTaBiIeHUs] 00 OOBEKTE.

IIpumepbl NOJAPHBIX CyKACHUN (MIOHATHI):

O8UIICEHUE-NNOKOII, NOMEHYUATbHOEe-KUHEMUYecKoe,
aAOCONIOMHOE-0MHOCUMETIbHOE, HeNnpepbl8HOe-NPePblEUCOe
mamepuaibHoe-udedibHoe, Ovimue-nebvimue
¢opma-codeporcanue, bazuc-Haocmpotixa,
KOIUYEeCmeE0-Ka4ecmeo, NPUYUHA-CTIe0CMBUE,

00beKmueHoe-cybveKmusHoe,  npoutioe-oyoyusee,
HeobX00UMOCMb-CIYYAHOCb, KOHEUHOe-OeCKoHeuHoe,
peanbHoe-MHUMOoe, BOIHOBOU-KBAHMOBHII,
yacmuya-aHmudacmuyda, NIeKMPUYECKULI-MACHUMHDBLLL
npPoOobHOE-NONEepeyUHoe U T .



JInsd  onucaHusg KA4EeCTBEHHO PA3JIMYHBIX HPOMUBONOTONCHLIX CBOWCTB
OOBEKTUBHON PEeaIbHOCTU YOOHO UCIIOIb30BATh 080UYHbIE YUCIA TIOIOOHBIE 110
(dbopme OOBIYHBIM MAaTEMATUUYECKUM BBIPAKEHUAM, UCIIOIb3YEMbIM B MATEMaTUKE
KOMILUIEKCHBIX YHUCEIL.

Ho B ommmume OT KOMIJIEKCHBIX YHCENI Oudiexmuyeckue TBOUYHBIC YHCIa
COCTOAT TOJIbKO U3 OeucmeumesibHblX YUCENl, KOTOPbIE, KpOME TOro, Kak OBLIO
YIIOMSIHYTO BBIIIIE, UMEIOT MOJISIPHO IPOTHBOIOJIOKHBIE CBOMCTBA. Bo3bMmeM, K
pUMEpPY, TaKue MOJISIPHO-IIPOTHUBOIOIOXKHBIEC TOHATHS, KaK JJCKTPUUYECKOE M
MarHuTHOE, MOTCHIIMAJIbHOE M KHHETHYECKOE.,

[IpeobpazoBanne  Kunemuweckoco  TONSL B  NOMEHYUAIbHOe  WIH
«QJIEKTPUYECKOTO» TIOJISI B «MAarHUTHOE» Ha S3bIKE KOMIUIEKCHBIX YHCEN
O3HAYaeT MNpeoOpa3oBaHUE MaTepuadbHOro (“IEHCTBUTEIBLHOIO”) YMCIOBOTO
nojss B wuacanbHoe (“MHHMOE ') M HAOOOPOT, XOTA 00a MO SBISIOTCS
JNEWCTBUTEIBLHBIMU (pEaTbHBIMM ).

Takum 00pa3zoM, Jj1si OMHAPHBIX YUCEN JUAIEKTUYECKON (PU3UKH, (hopMaIbHO
110 BHEIIHEMY BHUAY HJCHTHYHBIX KOMILJICKCHBIM, MAaTEMAaTUYECKU KOMILIEKCHOE
IpeACTaBICHUE (C «MHHMBIM YHCIIOM» M MHUMOW €IWHHUIICH 1) HAIOJHSCTCS
HUHBIM CMBICJIOM.



B nmanextuueckol (¢u3MKe, HECMOTpPS Ha KOMIUIEKCHOE 1o Qopme
NPEJCTABIICHUE TPOTUBOIOJIOKHOCTEH, KHHETUYECKOE (PIEKTPUUYECKOE) U
NOTCHIMAIbHOEC (MAarHUTHOE) IIONIA SIBIISIIOTCS peaivHuimu TolaMmu [1], HO
KauecmeeHHo pa3andHbIMUA. COOTBETCTBEHHO, B OHWHApHOM YHCJIOBOM IIOJIE
enuHMIA “I" HE SBIACTCS «MHHMOI», 3TO TAKXKE peanbHas eOuHuyd. A Kakou
MMEHHO CMBICJI B JICUCTBUTECIBHOCTHM OHA HMMEET B JHAJICKTHYCCKOM IIOJIC
OMHAPHBIX YUCEII, MOKAXKY HUXKE.

Ntak, B nManekTU4eCcKor (PU3NKE Mbl UMEEM JICJIO C peanbHbiMu BETUYMHAMHU
(conpsisicennblMuy 9UCIaMH), CBA3aHHBIMH Ka4eCTBEHHO Pa3IMYHBIMU IOJISPHO-
IPOTUBOTIONOXKHBIMU cBoicTBamMu [/, 8]. IlocTaparoch OOBSCHUTH OCHOBHBIC
COOOpaKeHUs, MPUBEIINE HAC K HEOOXOAMMOCTH BBEJACHHS B (DU3UKY MOHATHUS
ouanexmu4ecko2o OUHApHO20 YUCTEHHO20 NOJAL.

PaccMOTpuM OCHOBHBIE MOJOXKEHUS alreOphl JHAICKTHUKH, OTPaKaroIlei
IPEACTABICHUS JUAJCKTUYSCKOM JIOTUKH, KOTOPOM MbI MpHACPKHUBACMCS B
HaIlIMX UCCIIEOBAHMSX, U KOTOpas Oblla 000CHOBaHA U CO37aHa HaMH.



2. /lee NOASAPHO NPOMUBONOA0HCHBbIE AN12e0Pbl

ComtacHo AuaIeKTUKE, YUCIo Z SBISIETCS CUCTEMOM ba3uca B v naocmpotiku
{S}:

Z=B" (5)

Ecnu Heo0XoauMOo MOIUEepKHYTh, 4TO B siBnsieTcsa 0a3zucom uncia Z, nuiem
B=bas(Z). Haocmpouxa {S} mupencrasmser coOoii ar00BIE Ka4eCTBEHHEIE,
KOJIMYECTBEHHBIE WJIM KOJIMYECTBEHHO-KAU€CTBEHHBIE CHMBOJIBI W/WJIM 3HAKH,
XapaKTepU3yoIre Yuciao Z ¢ 3TUM 0a3UCOM.

CHUMBOJIBI ¥ 3HAKU HAOCMPOLKY MOTYT OBITh pa3MeIleHbI 70, ITOCIIe, BHIIIC U
nox ero 0aszucoM. OCHOBHBIMU CHUMBOJIAaMHU HAOCMpOUKU K 0a3ucy SIBISIIOTCS
3HaKM ILUTFOC-MHHYC, TOKa3aTeld CTEICHH, HHACKCH U T. . Mbl IpeacTaBisieM
11000# CUMBOI WK 3HAaK Haocmpotiku {S} uncna Z caeayonuM paBeHCTBOM

{S}: SUpg (Z) (6)
PaBencTBo (6) o3Hauaert, uto {S} sBiseTcs raocmpotixo k 6a3ucy B uncia Z.
Ecom z=B", TO
m =sup;(Z) (7)
WJIU, IOCKOJIBKY m=log, Z , MBI MOJKEM HAIUCaTh TAKXKE, YTO
log, Z =supg(2) (73)



B npocretimem ciydae 6a3uc yuciia Z MOXET OBITh MPEJACTaBICH MEpaMu
Ja wm Hem. B nnanextuke [6], amreOpa Takoro 0a3uca BBIpa)kacTcs
CIICTYFOIITUMU PAaBCHCTBAMM

Jla X Jla = /]a, Hem X Hem = J]a,
Ha x Hem = Hem, Hem x Jla = Hem (8)
Auaredpa naocmpotiku “+” u “—, BeIpaxkaeMmasi paBeHCTBaMU
H-H=+ u H@F=- 9)
Ha3bIBACTCSA MOJIOKHTEJbHON ajaredpod HajacTpoiiku (HaaCcTpouku Jla).
3HaKu HAACTpOMkU Jfa, “+7 u “—”, ABISAIOTCA 3HAKAMH YmMEepOUmenibHO20

xapakrepa.

CormacHo auMaJIeKTHYeCKOM JIOTHMKe, €CIIM CYIIECTBYeT ajireopa
HancTpoiiku Jla (9), To, HECOMHEHHO, CYIICCTBYeT M ajredpa HaICTPONKH
Hem, ecTecTBeHHO, MPOTUBONMOJIOKHANA anreOpe HaacTpouku /la (9):

F-F=- =u (F)- () =+ (10)




Anrebpa naocmpotiiku Jla (anredpa yTBep:KIAeHHUN) NPUMCHSICTCS TIPH
ONMCAaHWHM MPOAOGJBLHBIX ToNel. Hampumep, omnmchiBasg 3j1eKTPpHYECKHE
B3aWMOJICHCTBUS: MPOU3BEIICHUE 21EKMPUYECKUX 3aPs008 OTHOTO M TOTO JKE
3HaKa OIpeAeIIIeT OTTAIKUBAHUE, a TPOTUBOIOJIOKHBIX 3HAKOB — MPUTKCHHE,
KOTOPBIC BBIPAYKAIOTCSI COOTBETCTBYIOIUMU 3HAKaMU «+» ( OTTAJIKUBAHUE) UITH
«—» (IPUTSDKECHUE) B TIPABOM YacTH ypaBHEeHHI (9).

Hamportus, anredpa naocmpoiiku Hem (anredopa oTpumaHus) npruMeHUMa
Opyd OINKUCAHUM TONEPEeYHbIX TIOJICH, KOTOphIE MPEACTABIAOT COOOM
MPOTUBOIIOJIOXKHBIE TOJISI (IO CBOMM CBOMCTBaM) OTHOCHUTEJIBHO MPOJIOIBHBIX
nosicii. OHa ONMUCHIBAET MATHUTHBIE B3aUMOJICHCTBUSL MOKO6. TPOU3BEIICHUE
TOKOB OJIHOTO 3Haka (HaIlpaBJICHHS) OINPEACICT MPUTSKCHHE (3HAK «—»), a
MPOTUBOIOJIOXKHBIX 3HAKOB (HANpPaBICHWN) OTTAIKUBAHHUE (3HAK «+», CM.

(10)).
KoHeuHo, BEIOOP 3HAKOB PE3YIBTUPYIOLIETO B3aUMOAEHCTBUS B HEKOTOPOUM

CTCIICHN OTHOCHUTCJICH, HO JUaMCTpaJibHasA IIPOTHUBOIIOJOKXHOCTL alJIr e6p
3apsa10B U TOKOB, OIIMCBIBAIOIINX UX BBaHMOHeﬁCTBHH, SIBJISIETCSI A0COIIOTHOM.



B npooonvrom mone MOXHO W3BIEYb KBaJpaTHbIM KOpEeHb U3 «+1», HO
HEBO3MOKHO U3 «—1». +/+1 CyIIECTBYET, HO /-1 HE CYIIEeCTBYET.

Hanpotus, B nonepeurom noae MOXHO U3BII€Yb KBAIPATHBIN KOPEHB U3 «—1»!
V-1 cymecTByer.

TakoBa nmpupoa npomueononoxcHelx Nonen. B cynmHocTu, B 000ux ciydasx,
(99 u (10), MBI mMeeM [0 C KOMILUICKCHBIM HPOA0JbHO-TIONEPEeYHbIM
(HampuMep, SIEKTPOMArHUTHBIM) IojieM. JIBe NCHCTBHUTENBbHBIC €IUHULEI, 1 U I,
NpPUHALICKAIIME JIBYM HNPOTHBOIOJIOKHBIM ajareopamM 3HAKOB, BBIPAXKAIOT HX
Mepy.

Yucma, oTHOCAIMECA K ajredOpe HaACTPOUKHU /[a, Mbl HAa3bIBAEM YHMCJIAMU

YTBEpP:KAeHUAA, TIPU TOM EIMHULIA YTBEPXKICHHUS 00O03HAYaeTCs CUMBOJIOM 1.
JIr000€ KOMYECTBO YTBEPKIACHUS /[a XapaKTepU3yeTcsl YUCIOM-Mepor Z BU/A:

Z=a-l wm Z=a (11)
ric a— IMPONU3BOJILHOC I[CﬁCTBI/ITCJ’IBHOC YUCJIO0 CANMHUIL YTBCPKACHUAL.



Yucma anaredopsl HaacTporiku Hem, Mbl Ha3pIBacM YMCJIAMU OTPULIAHUSA.

Enunauny orpumanus o0Oo3HadyaeM cuMmBoiioM 1. Jlioboe KoaudecTBO
oTpullaHuil Hem omnpenenseTcs yucioM-mepor Z BUjA.
Z=Db-1 wm Z =1ib (12)

rac b— ITPONU3BOJIBHOC I[CfICTBI/ITCJIBHOG qUCJIO0 CANMHUI OTPHUIAHUAL.

Takum o0OpazoM, AUAJEKTHYECKHE YHUCIA-CYKAeHust /[a-Hem MoOryT
OBITH TPEACTABJIIEHBI OMHAPHOUN CTPYKTYPOH CIEAYIOIIETO BUAA

Z=a+ib (13)
3HaK “A” HaJl YACJIIOM yKa3bIBA€T HA €r0 MPOTUBOPEUNBBIN /[a-Hem xapakrep.

OueBuaHO, YTO 00a YKclIa @ U 1D ABIAIOTCS ACHCTBUTEIBHBIMM YHCIIAMH,
HO C MOJISIPHO MPOTHBOMOJIOKHBIMH aJIredpaMu 3HakoB. TakuMm oOpa3om, B
npeactapieHny  (13) MHOXHTENb | sBISETCS yKa3zaTejdeM ITOTIMHCHHUS
JAHHOTO JICHCTBHTEIBHOTO 4YHCIIA, NpPH KOTOPOM OH CTOHT, aJjireope
OTPHIIAHHS.



JIBOMYHBbIE YMCJIA YTBEPKIACHUSI-OTPUIIAHUS 7 OTPAXKAIOT JUAIIEKTUYECKYIO
CUMMETPHUIO-aCUMMETPHIO, Tpucyllylo mnpupoae. OHU 00pa3yloT moje
OMHApHBIX JAEeMCTBUTEJbHBIX YHCEN, T. €. IOJIE€ JICUCTBUTEIIBHBIX YHCE,
NOMYUHSIONIMXCS YIOMSHYTBIM BBIIIE JBYM TOJSIPHO IPOTUBOIOJIOKHBIM
anreOpam.

Mbl Ha3plBa€M TakHW€ JABOWYHBIC 4YHCIA OHWHAPHBIMHM 4YHCJIAMH, A
(hru3rnUeCcKre apaMeTPhl, OMUCHIBAEMBIC UMU «OUIIApAMETPAMMI.

KonnuecTBeHHBIN MOAYJIb ' IBOMYHOTO YUCIIA Z OIIPENIENSAECTCS PABEHCTBOM
r=|Z|=va®+b? (14)
a Hopma (0T Jar. NOrma = konuyecmeo) — No(Z), paBHA CyMMe unce a u b,
No(Z)=a+b (15)
Eciu BBECTH (@Q-TIapaMeTp, YAOBIETBOPSAIOLINN PABEHCTBAM:
cosp=alr yu sing=b/r

T0 Z (13) MOXeT OBITh IPECTABICHO TPHTOHOMETPHIECKON (hyHKITHEH:
Z =rcos@+irsing (16)



A

O6a koMIoHEeHTa Z MOTYT UMETh MPOU3BOJIbHBIC HAINPABICHUS WU OBITh
HEHANPABJICHHBIMU BEJIIMYMHAMH, MOITOMY, BOOOIIE TOBOPS, HEBO3MOMNCHO
paccmampusams Q-TIAPAMETP KaK Veol, NOO0OOHO MOMY, KAk 3mo umeem
Mecmo 8 meopuu KOMNJIeKCHbIX Yucell.

Kak wu3BecTtHO, mr00as aHamuTH4YecKas (QYHKUIUS  MOXKET  OBbITh
IpeIcTaBIeHa BOIM3U TOUKU X, psaaoMm Teiutopa. Ha ocHoBaHMM mocienHero
quciao Z =e'® mpuHUMAaeT BUJT

e'* =cos@+ising (17)
DTO paBEHCTBO, aHAJIOTMYHOE (opMmylsie Dilliepa B TEOPUH KOMILJIEKCHBIX
YuCeJl, MO3BOJIAET BhIPA3UTh J000€ OMHAPHOE YUCIO Z =a+ib cleayronum

00pa3oM:
Z =a+ib=re" =r(cosp+ising) (18)

IJe (¢ mapaMeTp — JEUCTBUTEIBHOE YKCJIO €IMHUI[ OTPULIAHUS HAJICTPOUMKH,
(aza OMHAPHOIO YMCJa, BhIpakarollas NePEeMEHHbBIA XapakTep JaHHOTO YUCia
U CBSI3b KOMIIOHEHTOB YTBEPKACHUS U OTPUIIAHUS.

OueBUIHO, YTO
tgp=b/a_ ¢@=arctg(b/a) (19)



[TockonbKy npupoda GU3NUECKUX MPOIECCOB HOCUT BOIHOBOU OUNOIAPHDLLL
XapakTep, BOJHOBOE OUYUCI0B80€ NOJEe MOXKET TMPEACTaBIATh CTPYKTYpPY
(bU3NYECKUX BOJIH.

Ecnu (¢a3oBag IIIOCKOCTh COBMAAAET € (PU3MYECKOM TUIOCKOCTBIO
KoJieOaHWM, a HampaBJICHHE PACHPOCTPAHEHUS BOJIH MNEPHEHIUKYISIPHO
IUIOCKOCTH KOJIeGaHM, TO reoMeTpus OWHApHOrO moist ¢ Sup,(Z) =iot
COBMAJaeT C peaJbHOW KoneOarenpHOW BoiHON (Puc.2) B dusmyeckom
IPOCTPAHCTBE:!

Z =a+bi=re" =r(coswt +isin wt) (20)

Puc. 2. BoaHa yTBEepKICHUSA-OTPUIIAaHNS OMHAPHOTO IMOJIS.



KonebarenpHas BoaHa (20) Hepa3pbIBHA ¢ BOJIHOM, pacpOCTPaHSIONICHCS B
bu3rUecKoM MPOCTpaHCTBE. B yacTHOCTH, mpocTeiiiias OnMHapHas BOJHA-IIYY
MMEET CIEAYIOLIUN BU/L:

Z =a-+bi=re'™™*) = r(cos(wt —ks) +isin(ot —ks)) (21)
e K=2n/)\ ecrs BOIHOBOE YUCIIO JyYa S.

Ecii BBeCTH OMMOAYIB YncIa-BOIHBI (21) COrTacHO paBEHCTBY

F=re™ (22)
TO YKMCJIOBas OMBOJIHA IPUHUMAET OPOCTYIO0 (GOpMy
Z =fe"" = P(cosmt +isin ot) (23)

PaBencTBo (23) npeacrasiaser coOOi dIIEMEHTAPHYIO YHCIIOBYIO OMBOJIHY C
0a3zucoM €, onpeacisomuM e€ hyHIaMeHTaIbHBIN MEPUOA B 27 €AMHUILI.

BepuéMmca k OuHapHbBIM umcnaMm Oasuca B=e. Yucno Z = B® Belpaxkaer
KOJIMY€CTBEHHbIE U3MEHEHUS, €CIU  SUP,(Z) =9 €CThb YUCIIO YImMEepiHCOeHUs.

Yucnao Z =B" onuchIBacT KauyeCTBEHHbIe U3MECHEHUS, TOCKOIBKY SUP,(Z) =i
€CTb YUCIIO OMPUYAHUSL.



B obwem ciydae uncio Buma Z =B® mpencTaBiseT KOJIMYECTBEHHO-
KAaYECTBCHHBIE IIPOLECCHl; W B OTOM CMBbICIIE OWYMCIA  SABISIOTCA
KOJIMYECTBEHHO-KA4€ CTBEHHBIMU YU CIIAMMU.

B nepemennvix nporeccax sup,(Z) =9+ip IpeacTasBiseT coboii mapamerp,
IPOIMOPLHUOHAIBHBI BPEMEHH, T. €. sup,(Z)=(n+io)t. buHapHOE umMCIIO,
COOTBETCTBYIOIIIEE TAKOW HAJICTPOUKE, UMEET BU/I!

2 — B(n+ico)t (24)

H ic
B cimydae xorma bas(B)=a+if=B_e'° , CTpykTypa OM4HClIa CBOOUTCS K
CIEAYIOIIEMY KOJIUYE€CTBEHHO-Ka4€CTBEHHOMY OMYHCITY,

2 — Bm(fmGJriﬂG)t WU 2 — Bm(—p.+iQ)'[ (25)

Jlaniee, MOCKOJIbKY

a*=e" =1+ (le!)l + (Xzy!) +ot (x:l(!)” +. (26)
g _q, )Xy ()" (27)
1! 2! n!

nt000e OMHapHOE YKCio ¢ 0a3ucoM B MOXKET OBITh CBEJACHO K CTaHAAPTHOMY
0a3rcy € OCHOBaHMS HaTypaldbHBIX JIOrapu(MOB.



Tak yto OuHapHOE YKcIo (24) MOXKET OBITH IPEACTABICHO B BUJIE
2 —_ B(n+ico)t — (ey)(n+ico)t (28)

IJIe Y €CTh MoKa3arelb cBsi3u 0a3uca B ¢ 6aszucom €, y=InB (uto cienyer u3
ONpeeJICHUs HOHATHS Jorapudma).

B 5TOM ciy4ae JoKanbHas OMBOJIHA, IPEACTaBIEHHAs Ouuuciaom Z =rB™,
MIPUHAMAET BU]]

Z =rB"™" =re"®"! = r(cos(In B- ot) +isin(In B- wt)) (29)
a TIPOCTPAHCTBEHHAs OMBONHA-Myu Gasuca B, Z =rB'@™  —
Z = rB'@*) = rg"®1) — ¢(cos(In B - wt) +isin(In B - wt)) (30)
r7e
",.\ — re—iln B-ks (31)
AI[I/ITI/IBHa}I M MYJIBTUIUINKATHBHAs anredpa OMUYUCEN YTBEPIKICHMSI-
OTpULIAHUSA, Z, =a, +ib, M Z,=a,+ib, , ONpeAeasIeTCs CleayOIUMU
paBCHCTBaMI/I. o
Z,+7Z,=(a +ib)+(a,+ib,)=(a, +a,)+i(b, +b,) (32)

Z,-Z,=(a,+ib)-(a,+ib,) = (a,a, —bb,)+i(ab, +ba,) (33)



Takum o0pa3oM, uHCIa YTBEPKACHUA-OTPUIIAHUS OO0pPa3yloT IIOJIE
OMHApHBIX JCUCTBUTENBHBIX YHCEI C Pa3IUYHBIMU ajlreOpamMu 3HAKOB.
KoMIoOHEHTHl OMHApPHBIX YHCENT OTPaXarT OUIMOJIAPHYIO CUMMETPHUIO B

IpUpPO/IE.

3. 'apmoHuueckan eduHuua

OCHOBBI KJIACCUYECKOM MAT€MaTUKU CTPOATCSA IO 3aKOHAM @hopmaibHOU
JOTUKH, OTBepras JJr0ble MNPOTUBOPEUYUS, B TOM YHUCIE€ W MCTUHHBIEC.
dopmanbHas (MaTemaTuyeckasi)  Jiormka  paboTaeT Cc  MepaMmu
delicmeumeibH020 YUCI0BOI0 MOJIs, KOTOPhIE MOTYT OBITh IIPE/ICTABIICHBI KaK

Z=a (34)

JIBa DUCKPETHBIX AJEMEHTApHBIX CyXJeHus ¢ Mepamu 1 u 0 Tombko, O
NPaBAMBOCTA MW JIOXKHOCTM JIFOOBIX YTBEP)KACHMM, JIe)KaT B OCHOBE
(bopMaTbHOM JIOTHUKH.

CyxaeHus OUANeKMU4ecKkoul JIOTUKH OTPEIICIISAFOTCS MepaMu
KOJIUYECMBEeHHO-KAYeCMEEHH 020 IHAJICKTUYECKOI'O YHCJIOBOT'O 104,
OTPKAIOIIMMU JIUAJIEKTUYECKUE IPOTUBOPEUHUS; OHH HMMEIOT OOIIUN BU/I

MOJIOOHBIH, JIUIIIB IO POPME, MO0 KOMIUIEKCHBIX YHCEII,
Z =a+ib (35)



CraenyeT emie pa3 MOTYEPKHYTh, YTO 00a YUCIIOBBIC MOJSA (KOMIUICGKCHOE M
TVAICKTHYCCKOE) SBIISIOTCS PA3IMYHBIMU, B TPUHIUIE, W (HOpMaIbHOE
NIEPEHECEHUE MOHATUI, AKCHOM M TEOPEM OT OJHOr0 HabOpa YHCEN K JPyromMy
HEJIOITY CTUMO.

ITokackeM Ha  3TOT pa3  (PyHAAMEHTAJIBLHOE  pa3jduMe  JBYX
IMPOTHUBOIOJOXKHBIX ((pOpMAIILHOM W JIMAJCKTUYECKOW) JIOTMK Ha IIpUMEpe
JOrHYeCcKOr eJUHHUIILI.

ComnacHo Juanexmuuecxoul guszuxe (BM), npupona Gpu3ndeckux mporeccon
HOCHT BOJIHOBOU OUNOJIAPHBIL XapaKTep U MPEACTABISICTCS OUYUCIOBbIM TIOJTIEM.
DJieMeHTapHas 4YMciioBasi OMBOJIHA C 0a3MCOM € UMEET BU/I

iks Lot

Z =a+ib=re e = e (36)
rne f=re. Ilepuonnueckas komrnoHeHra B (36), 0603HayaeMas Kak
1=¢"" = cos ot +isin ot (37)

IPEICTaBISICT COO0M TapMOHWYECKYIO €IMHUITY. B cBeTe Takoro o003HaYeHUS
ypaBHeHHE (36) mpUHUMACT BU/I

A

7=f1 (38)



A

3HaueHue Z OJIHO3HAYHO OMNPEAENSETCS TapMOHWYECKON eIUHMIEeHd, HO
3HAUYECHUE MOCICTHEN HEOHO3HAYHO, TTOCKOJIbKY TapMOHUYECKAs €AUHULIA 1
OMMUCHIBAECT €IUHUYHYIO BOJIHY YTBEPKICHUSA-OTPUILIAHUS — BPAIIAKOILYHOCS
KOJINYECTBEHHYIO eIUHMILY, CTIMpalib ABUxKeHus (cM. Puc. 1 Ha

https://shpenkov.com/pdf/DialecticsL-4.pdf) u T. 1.

Kaxxnoe cocTosHuEe €IWHUIIBI TOBTOPSAETCS MHOTO pa3 ¢ MEPUOJIOM 2T, U
HEOOXOIMMO YUYWUTHIBaTh KavyeCTBEHHbIe W3MeHeHus1 ecauHunbl. Kak
IUCKPETHBIE COCTOSIHUS TAPMOHUYECKOW E€IVHUIIBI, CIUHULBI YTBEPKICHUS
ONMCBHIBAKOTCS JUCKPETHBIM YPABHEHUEM

i _ gi2m (39)
roe N — HOPHI[OK CINHUIIEI.

Kak xonuuecmeennvie eqUHALBI, BCE YTBEPAUTEIIBHBIC CIIMHULIBI PAGHbBI

HO KaK KauecmeeHHble, OHU pa3Hble,



[ToCKONBKY KoMuuecmeeHHvie W KauecmeeHHvle XAPAKTCPUCTUKHA ECIUHUIL
Hepaspuvl@Hvl, PABEHCTBO JOTUX E€OUHUIl MO YUCICHHOMY 3HAUYECHUIO
(KoJMYeCTBEHHOE PABCHCTBO), (, M HX KavYeCTBEHHOEe HCPaBEHCTBO, K,
XapaKTEpU3yKT JAaHHbIE EOUHUIBI OJHOBPEMEHHO. OTO [AHAJEKTHYECKOe
MPOTHUBOPEYHE, KOTOPOE MOKET ObITh MPEACTABICHO JIOTUYECKON aHTUHOMUE,

d=1), Ad=1D), (40)
B IIOJIHOM comiacuu ¢ (opmynoit «/[a-Hem» nauaneKTUYECKOW JIOTUKUA. MBI
MMEEM B BUJY CIEAYIOIIEE ONHOMHUAIBHOE CYKJICHUE,
(Yes =Yes) A (Yes # Yes) (41)

PaBeHcTBO-HepaBeHCTBO (40) cornacyercss ¢ 00BEKTUBHOW PEaIbHOCTBIO, M
MIO3TOMY OHO BEPHO.

B cnyuae IByX COCTOSSHUM €IMHUIIBI
1 =e®™ m 1 = (42)

MBI IMEEM JIBA COOTHOIICHUS
L =10), A7 #1),  (npu PeZ) (43)
u A A A A
& #L)e A =5 (upu peZ) (44)
(Z — MHOXXECTBO MOJOKHUTEIBHBIX U OTPHUIATCIIBHBIX IEIBIX YHCEN).
Cootromenune (44) coOTBETCTBYET auajekTuueckon popmyne «Hem-Hem».



Takum o0Opazom, XOTs B 00JacCTH KOMILUIEKCHBIX YMCEI MHOTHE (PYHKIIUU
MHOTO3HAYHBI,  OUANEKMUYECKOe  HepaseHcmeo  OJHOTO U TOTO  XKe
MPEICTABIICHUS YHUKAIbHO. DTO PA3INYNE NPUHIIUITHAIBHO.

Hanpumep, K-it kopeHb U3 ¢THHHAIIBI

(e (45)

ABIISIETCS YHUKAJIbHBIM, TaK KaK OJUH U TOJIBKO OJWH KOPEHb COOTBETCTBYET
JTAaHHOU €IUHUIIE B COCTOSIHUHU N.

Pa3zHbie KOpHM COOTBETCTBYIOT Pa3HbIM COCTOSIHUSIM E€IWHUIBI, KaK 3TO
MMEET MECTO, HaIIPUMED, €CJIU B3ITh N 1 M cocTtostHus (N = m).

Yucmo € ABiseTcss OCHOBOM TapMOHUYECKON €UHUIIbI, €€ IyOOKUH CMBICI
3aCy’KMBaeT 0co00ro BHMMaHusl. Mbl He OyleM paccMarpuBaTh 3TOT BOIPOC.
J1eqio B TOM, 4TO JJI PACKPBITUA YKA3aHHOIO CMBICIIA, KAK 0KA3aJ10Ch, HYKHO
pacipuTh PyHIaMEHTaIbHbIC MATEMATUUECKUE TTOHATHSI.



A WMEHHO, COBPEMEHHAasg HayKa SBHO ONEPUPYET C ANAUTHBHOM
HENPEePbIBHOCTBIO, KOTOpas IMPEIACTABISACTCS HEMPEPHIBHO IEPEMEHHBIMU
cymmamu. Harpumep, B pusuke, mpoiiienHoe pacctossaue | mpu paBHOMEpHOM
IBIDKEHUU SIBISIETCS a00umueHo HEPEPHIBHOCTRIO, | = vt,

HenpepblBHO NEepeMEHHBIE CYMMBbI  OIHMCBHIBAIOTCS  KJIACCUYECKUMU
nuddepeHnmanamMmy, NpOU3BOIHBIMA U MHTETpAJIaMH, KOTOPbIE€ MBI Ha3bIBaEM
aJINTUBHBIMH U PepeHImaiaMmu, IpOu3BOAHBIMU U UHTETPAJIAMHU.

C npyroil CTOpOHBI, MHOTHE IIPOLIECCHI BBIPAKAIOTCS 4YE€PE3 HEIMPEPHIBHO
U3MEHSIOIIHECS NMPOU3BeAeHUS 0€CKOHEYHBIMHU MIPOM3BEACHUSIMHU
MHOXKHUTEJIEH HEMPEPHIBHOTO psjfia. DTH CYXKICHUS-TIPOU3BEICHUS BBIPAKAIOT
MYJbTHIUIMKATUBHYI)  HeNmpepbIBHOCTL.  [IpocTeimuMu  mpumepamu
MOCJICAHEN SIBJISIIOTCS AKCIIOHEHIIMAJIbHBIE (QyHKIMH a* u e* (rme X —
NepeMEHHasl), a TAKXKe JUAJCKTUYECKHUE JTIOTUUECKUE KOHCTPYKIIUM (CYKICSHUS )
ONpPEASICHHOIO BUJA U T. 1.

Kitaccuueckas MareMaTruka BBIpA’KACT MYJIBTUTLTUKATUBHY IO
HEMPEPHIBHOCTh  AJJIMTUBHBIMU AU PepeHmaiaM, MPOU3BOJHBIMU U
uHTerpaitaMu. OJHAKO 3TOr0 HEAOCTATOYHO I TITyOOKOrO M BCECTOPOHHETO
OMUCAHUS  MYJBTUIUIMKATUBHOM  HENPEPHIBHOCTM U MOHUMaHUS €€
(hU3UUECKOTO CMBICIIA.



bonee TouHOE OmNMMCaHWE MYJBTUIIMKATUBHOW HEMPEPBHIBHOCTH TOJDKHO
OBITH peain30BaHO MYJIbTHUIIIMKATUBHBIMHU muddepennanamu,
IPOU3BOIHBIMA M HWHTETpajaMy. JTH TOHATHS ObUIM BIIEPBBIC BBEICHBI U
nogapoOHo paccmorpensl B [6] (T. 1, ¢. 23-55). Bor ogun u3 pe3ynsraros,
IPEJICTAaBICHHBIX B [6], OTHOCUTENBHO Oa3nca e TApMOHUYCCKOM SMHUIIBL.

Kak cnemyer u3 yka3zaHHOW paOOThI, YUCJIO € HA CaMOM JEJ€ SABISETCS
MYTbMUNIUKAMUBHOU NPOU3BOOHOU TIEPEMEHHOW €IMHUIIBI, OIMUCHIBAIOIIEH
MYJIBTUILUIMKATUBHYO HEMTPEPBIBHOCTH

C (1+AlVM
e=I|m( )

(46)

Al1—0 1
rne Al — nuddepenunan nepemeHHON equHALBL, 1, =1+ Al.

B p€ajibHOM MHUPC AJAUTHUBHLIC U MYJIbTUIINIMKATUBHBIC HCIIPCPBLIBHOCTHU
O6B€I[HH$IIOTC}I B OAUH I[I/IaJ'ICKTI/I‘ICCKI/Iﬁ KOMIIJICKC, 4 UMCHHO B aAAUTUBHO-
MYJIbTHINVIMKATUBHY 10 HEIIPCPBLIBHOCTD. bonee TOTIO, aJUTHUBHO-
MYJIbTHUIUIMKATUBHAA HCIIPCPBIBHOCTL HCPA3PBIBHO CBA3dHA C aAAJAWTHUBHO-
MYHBTHHHHK&THBHOﬁ NPpCPLIBUCTOCTBIO, HAIIPUMCP, TAKUMHU KaK aIAUTHUBHO-
MYJIbTUIININKATUBHBIC PC3KHUC UMITYJIbCHBIC IICPCXO/bI.



4. 3axkaroueHue

HUrak, paccMOTpPEHO [IHANEKTUYECKOE YHCIOBOE IIOJIE, OTPAKAIOIIEE
OUTIOJISIPHYIO CUMMETPHUIO U BOJIHOBOM XapakTep (PU3MYECKUX MPOIIECCOB B

IPUPOZE.

B TeueHne Oonee ABYX ThICSAY JIET KJIACCHMYECKAs MaTEMATHKA MbITANACh
MOCTPOUTH HENPOTUBOPEUMBBIE Teopur. OmHAKO, B paMmkax (popmanabHOU
JOTUKH, HAa KOTOPOW OINHpANach W OIUPAECTCS MareMaruka MO CEW JICHb,
HEMPOTUBOPEUUBBIE TCOPUU HE MOTYT OBITh CO3/IaHbI B IIPUHIIUIIE.

KoHeuHo, Hannuue aOCypAHBIX TPOTUBOPEUMN B TEOPUU HEAOMYCTUMO, U
B 3TOM CMBbICIIE JIt00asi Teopus JOJKHA OBbITh HEMPOTUBOPEUMBOM. OHAKO
3TO COBCEM HE O3HA4aeT, 4YTo JK0asg Teopus HE MOHKHA COAEPXKarTh
VUCTUHHBIX IMAJIEKTUYECKUX MMPOTUBOPEUUH.

bonee Toro, ecnu teopus HE COAEPKUT AUATECKTUUECKUX ITPOTUBOPEUNH,
TO OHA SIBJIACTCA MPUOIM3UTEIHLHON U OIIMOOYHOM B ONPEACIEHHON CTEIICHH.
JlnanekTruueckoe OMYMCIIOBOE MOJIE YUUTHIBAET YKa3aHHbBIC MPOTUBOPEUUS.



Takum oOpazoM, HEOOXOAUMO MPUHUMATHL BO BHUMAHHUE TOT O€CCHOPHBIN
(dakT, 4TO MHUpP JUAICKTUYEH, U Mbl JOHKHBI TOBOPUTH C HUM Ha SI3bIKE
OAATNEKTUYECKOM  JIOTMKH,  SI3bIKOM  IIPOTUBOPEUUM-HENPOTUBOPEUUH,
PEACTABICHHBIM MaTEMaTUYECKU NHAICKTUUYECKUM OWHAPHBIM YHCIIOBBIM
TTOJIEM.

[IpencraBneHHBIN 37€Ch Marepuai SIBISIETCS PYCCKHMM BapHaHTOM S-i

Jlekiuu 1-ro Toma Jlekuwii, MOATOTOBJIEHHBIX ABTOPOM Ha AHMIIMICKOM B
2013 r.: http://shpenkov.com/pdf/\Vol.1.Dialectics.pdf

Ccvunku

[1] L. Kreidik and G. Shpenkov, Atomic Structure of Matter-Space, Geo. S.,
Bydgoszcz, 2001, 584 p. http://shpenkov.com/atom.html and
http://shpenkov.com/pdf/AtomicStructureChapter8.pdf

[2] M. Born, Atomic Physics, Hafner Publishing Company, New York, Seventh
Edition, 1962 (First published in 1935, Great Britain).

[3] L. Kreidik and G. Shpenkov, “Important Results of Analyzing Foundations of
Quantum Mechanics”, Galilean Electrodynamics & QED-East, Special Issues 2, 13,
23-30, (2002); http://shpenkov.com/pdf/QM-Analysis.pdf




[4] G. Shpenkov and L. Kreidik, “Schrodinger s Errors of Principle”, Galilean
Electrodynamics, 3, 16, 51-56, (2005); http://shpenkov.com/pdf/blunders.pdf

[5] G. P. Shpenkov, “Conceptual Unfoundedness of Hybridization and the Nature
of the Spherical Harmonics”, Hadronic Journal, Vol. 29. No. 4, p. 455, (2006);
http://shpenkov.com/pdf/hybridizationshpenkov.pdf

[6] L. Kreidik and G. Shpenkov, Alternative Picture of the World, Bydgoszcz,
1996, Vol. 1-3 (148, 156, 178 p.)

[7] L. Kreidik and G. Shpenkov, Material-ldeal Numerical Field, in Contact’95,
Proceedings of the General Scientific-Technological Session Contact’95, Vol. 1l
(Bulgaria, Sofia, 1995), pp. 34-39.

[8] L.G. Kreidik and G.P. Shpenkov, Philosophy and the Language of Dialectics
and the Algebra of Dialectical Judgments. Proceedings of The Twentieth World
Congress of Philosophy, Copley Place, Boston, Massachusetts, USA, 10-16 August,
1998; http://www.bu.edu/wcp/Papers/Logi/LogiShpe.htm

I'eopeutii I1. IlIneHvko8
05.10.2022
https://shpenkov.com/pdf/BinaryAlgebra.pdf



