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0. A. Ypmanuesn

CBsI3b CUCTEMHBIX TPEOOPA30BAHUN U AHTUIPEOOPA3OBAHUIM C
TpeyroiabHuKoM Ilackains,
ounoMoM HeroToHa, psgom ®@udoHaydu, 30J0ThIM ceueHueM Iludaropa
U GyHAaMEHTaIbHBIMU KOHCTAHTaMH (DPU3UKU

Bot yxe 37 net aBTopoM pa3BUBAETCSI OPUTHHAIBHBIA BAPUAHT OOIIIECH TEOPUHU CUCTEM,
nmn OTCY, kak ero uMmenytot B aguteparype. CHadana OTCY paszpabaTbeiBasiach Kak TEOPHS
BO3HUKHOBEHHUS, COXpPAHEHHUsI, TPE0Opa30BaHUs CUCTEM MPUPO/IbI, 00lIecTBa U MbllIeHus. U3
ckazaHHoro cienyet, uTo OTCY — yueHue 00 3BOIIOIUOHHBIX U HEAIBOIIOIIMOHHBIX CUCTEMHBIX
(C) npeoOpazoBaHusIX U aHTHIPEOOPA30BAHUAX 110 MECTY, POJIH, 3HaUeHuto B pamkax OTC —
HEHTpaJIbHOE, TTIaBHOE, (DyHIaMEHTaIbHOE. DKCIUTHKAIUS CBS3H ATUX MPEoOpa30BaHUiA ¢
HA3BaHHBIMH B 3ar0JIOBKE MaTeMaTUYECKUMH U (PU3nUeCKUMH QyHIaMEHTaIbHBIMU 00BEKTaMU
ABJISIETCS SKCIUIMKALMEN cBsi3u ¢ HUMH Takxke Bceld OTCY.

1. C-npeodpa3oBanue — 3T0 IpeodpazoBaHuEe 0OBEKTA-CUCTEMBI B ¢e0s1 (IOCPECTBOM
toxknectBeHHoro (T) mpeoOpa3oBaHus) WK B Jpyrue o0bEKThI-CUCTEMBI (TTocpencTBoM He'T-
npeoOpaszoBanus). C-antunpeoOpazoBaHue — 3T0 +, - Moaudukanuu C-mpeodpa3oBaHUs.
Hanpumep, antunpeo6pazoBanusimu konudectBeHHOro (Kir) mpeobpazoBanus SBISIOTCS
"crnoxxenue" u "Beruntanue", T.e. + Ki u - Kit antunpeobpazoBanus.

2. Yucao C-npeodpaszosannii (N) — onpenensercs gpopmynoit N=2", a uucno C-
anrunpeobpasosanuii (N..) — popmynoit N.. =3" (1 =0, I, 2,3,...).

3. CoaepxartesabHas nutepnperanust N u N, - npu n =0 - 8 Ha npumepe o0bekTa-
CHCTEMBbI, OIIPEIENIEMOT0 Yepe3 €ro JIEMEHTHI, CBSI3U MEXKAY HUMH, 3aKOHbI KOMIIO3MIINY,

MNOAYUHAACH KOTOPBIM CBA3U PCATIU3YIOTCA, a4 9JICMCHTBI O6’LCI[I/IHSIIOTC$I B €AUHOC LICJI0C (Ta6ﬂ.
1).

Ta6auna 1.
n N N.._ Humepnpemayusn
0 2°=1 =1 B atom citywae npusnaercs muiub T-npeo6pasoBanue u N=1. N, _Takxe

paBeH 1, motomy uTo aHTHIIpEeoOpa3zoBaHueM T-peoOpazoBaHus
SIBJSIETCSI CAMO 3TO NpeoOpa3oBaHue.

1 2t=2 3'=3 Otomy ciaydaro orBedaroT T- u HeT-npeoOpazoBanus 00bEKTa-CHCTEMBI
u N=2. N._ = 3, notomy uto HeT-npeobpa3oBanne 00bEKTa-CHCTEMBI
MOKeT OBITh "mipaMbIM" (A --> B) u "obpatabEiM" (A <-- B). T-ipeo6-
pasoBanue + nBa HeT-anTunpeodpasoBanus u patot N, . =3.

2 22=4 3¥=9 3TOMY CiIydaro COOTBETCTBYIOT peoOpa3oBanusi: T + anementos (D) +
otHoweHni Mexay anementamu (O) + 30; N =4. N.. =9, notomy
yto 9 = 1T+ 2 anTunpeoOpazoBanmsiM D + 2 anTunpeoOpazoBanmsiM O +
4 antunpeobpazosanusm D0 (moryT 66ITE + D + O, -3-0, + 3-0, -D +
O anTHIIpeoOpa3oBaHus 00BEKTOB-CHCTEM).

3 2°=8 =27 DToMy CiTydaro COOTBETCTBYIOT npeodpaszoBanust: T + koamuectsa (Ki)
+ kaugectBa (Kua) + orHomenuti (O) + KnKu + KO + K4uO + KnK4O
"MepBUYHBIX" 2JIEMEHTOB 00BEKTa-CHCTEMBI, 4TO TPUBOAUT K N= 8. s
BockMHU C-TipeoOpa3zoBaHmUii BO3MOXHBI 27 ¥ TOJIBKO 27
anTunpeoOpazoBanwmii: 1 — myst T, mo 2 — nmost Kor, Ky, O; mo 4 — moist
KnK4, KinO, KuO; 8 — mia KnK4uO npeobpazoanuii. IMeHHO 3TOT
"ciydail" SKCIUTMIIMPOBAH OCHOBHBIM 3aKOHOM DBOJIIOIIMOHHBIX U
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HEIBOMONIMOHHBIX C-TIpeoOpa3oBaHuil IBOIIOITUOHUKA—
obmecucteMHo# Teopun passutws, paszaena OTCY. [pu ¢pukcupoBannn
BHHUMAaHHUSA Ha N, paBHOM 3 U TOJIBKO 3, 3TOT 3aKOH IproOperaet
YHUKaJIbHOE 3HaYeHUe; Npu (PUKCHUPOBAHMH e BHUMaHus Ha N = 0 + oo,
9TOT 3aKOH CTAaHOBHTCS OJTHUM M3 OeckoHeuHoro (!) MHOXKecTBa
BO3MOXXHBIX. [IpaB/a, Bce OHM BBIBOJSTCS] U3 OCHOBHOTO 3aKOHA ITyTEM
ero "cyxenust" (st cirydaeB N = 0 - 2) win "pacmmpenns” (st
ciy4aeB N = 4 + o).

4 2'=16 3*=81

OToMy ciTydaio COOTBETCTBYIOT npeodpaszoBanust: T + Kir, n/mmu Ku,,
n/vmu King, w/unm Kag, uro u npuBoaut k N= 16 u N, . = 81. [Ipu stom
K, Ku,, Kip, K¥4yg — 3T0 COOTBETCTBEHHO KOJIMYECTBO AJIEMEHTOB,
Ka4yeCTBO JIEMCHTOB, KOJMYSCTBO OTHOIICHHM, KAUECTBO OTHOIICHUIA.

5 2%=32 3° =243

3TOMY CiIydaro COOTBETCTBYIOT npeoOpazoBanus: T + Ki, /i Ky,
n/mm Ko, w/umm Kao, w/mmn Og, uro maet N =32 u N, =243. IIpn
sTtoM Og-ipeoOpazoBaHme — 3TO IpeoOpa30BaHIE OTHOUICHHUS
OTHOIIICHUH.

6 2°=64 3 =729

OrtoMy cirydaro oTBedaroT npeodpazoBanus: T + Kit, w/mmm Ku,, w/wmm
Kip, w/um Ky, w/um Og, w/wmmu Z. [pu aToM Z-npeobpa3zoBaHre — 3TO
1Ipeo0pa30BaHKE 3aKOHOB KOMIIO3UIINH.

7 2/=128 37=2187

OTOMYy CITydaro COOTBETCTBYIOT mpeodpa3oBanus: T + K, w/mmm Ku,,
w/wiu Kig, w/vnu Kug, w/umm Oy, w/unu Ky, n/unu Kuz, uro gaet N =
128, N.. =2187. IIpu stom Kz, Kuz — 3T0 cooTBEeTCTBEHHO KOJIMYE-
CTBO M KAYECTBO 3aKOHOB KOMIIO3HITUH.

8 28 =256 3% = 6561

OroMy ciyuaro oTBevaroT npeodpasoanus: T+ K, w/vmm Ku, w/vunn
Ky, w/umn Kug, w/umu O, w/unu Ki,, w/unu Ka,, w/unu O,. Y4aureiBas,
gyro n = 8, umeeM N = 28 = 256, N.. = 3% =6561. Ipu sTom O, -
npeobpa3oBaHe — 3TO MPe0OPA30BaHKUE OTHOLICHUH MEXK/Ty 3aKOHAMHU
KOMIIO3HIIUH.

Pa3zymeercs, MOKHO EpENTH U K 1 > 8, HO 3THU CJIydau IIOKa TPYJHO COIEPIKATENBHO
uHTepnpeTrpoBarb. OOpaiaer Ha cebst BHUMaHKE IIPU ABMXKEHUH OT 7 = 0 K N = § cTporo
nocjea0BaTebHOe — 0€3 MPOIMYCKOB — YAUBUTEILHO TAPMOHUYHOE PACUIMPEHHE U
yriryOeHue coepkaHus 1 o0beMa HHTEpIpeTaluil.

4. CBSI3b CHCTEMHBIX NIPe0OPa30BaAHMII 1 AHTHIIPEOOPA3OBAHMI € TPEYT0JIbHUKOM
Mackans. Eciau yuects, uro 3" = (1 + 2)", To umeem:

(1+2)° = 3°=1 (1)
(1+2)t = 1+1 + 1+2=3'=3 (11)
(1+2)%= 1212+ 20122 +22=9 (121)
(1+2)° =113 + 30122 + 3122+ 1:23=3% =27 (1331)
(1+2)* =1e1% + 40132 + 61227 + 401423+ 142* = 81 (14641)

nT.AO.

31eck B ckoOKax mpuBeeHbl ko3 uimenTsl pasioxenns 6uaoma (1 +2)". Onu-To u
o0pa3ytoT TpeyroasHuk Ilackans Buna:

6 4
10 10 5 1
6 15 20 15 6 |

1 7 21 35 35 21 7 1
1 8 28 36 70 56 2B 8§ |
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BuaHo, 4TO TpeyrosibHUK HAYMHAETCS C €UHUIIBI, HA3bIBAEMOU HYJIEBOU CTpOKOil. Bee
CJIeyIOIIMEe CTPOKU HAUMHAIOTCA U KOHYAI0TCs equHuIeil. [I[poMexyTounblie ynciia noay4aroTcs
CJIOKEHHEM COCEJITHUX YMCel BhIIecTosmen cTpoku. Hanpumep, uucio 2 BTopoil cTpoku
MOJTy4YaeTCsl CJI0KEHUEM JIBYX €AMHMUIL IEPBOM CTPOKH; TPEThSI CTPOKA MOIY4aeTcss U3 BTOpoil: 1
+2=3,2+1=3;yerBeprast — u3 Tpetbeii: 1 +3=4,3+3=6,3+1= 4urt.n.
[TpumeuaTenbHo, yTo yKcia C-aHTUIpPeoOpa3oBaHU, IPUBEICHHbBIE BBIIIE B CKOOKAX,
MOJIHOCTBIO MOKPBIBAIOT MOJe yucen Tpeyronbauka [lackans. [Tocneanuii obnagaer
MHOKECTBOM 3aMedaTelbHbIX CBOMCTB. B uacTHOCTH, cyMMa 4ncen Kaxa0i CTpOKH paBHa 2" (7
=0,1, 2,3, ...), 4To 3KCIUTMITUPYET CBsA3b TpeyroiabHuka [lackans c uncinamu yxe C-
npeobpa3zoBanuii. Bupouem, 3Ty CBA3b MOXKHO BBISBMTE M U3 paBeHCTBa 2" =
= (1 +1)", pasnoxeHne KOTOPOro JaeT Yucia TOIbKO TpeyronbHuka [lackans (oHu

MOAYCPKHYTHI):

(1+1)°=2°=1

L+ =1e1+11=2"=2

(1+1)?=1e1%+2ele1 +1e1°=1+2+1=2%=4

(1+1)°=101%+301%1 +3¢1¢12+ 113 = 1+3+3+1 =2 =8

(L1 + 1) = 1e1% + 401312 + 6012017 + 4o101% + 101 = 1+4+6+4+1 = 2* = 16
U T.I.

5. CBsI3b CHCTEMHBIX NPe00PA30BAHNH M AHTUNIPEOOPA30BAHUI ¢ OMHOMOM
Hprorona. OHa ycTaHaBIMBACTCs TIOCPEICTBOM TPEeyrojibHUKa [lackas: yuciia Kak10i CTPOKH
— k03 GUIMENTHI pas3iokeHus 6uHoMa Hetotona (a+ b)" , a sHaunt u 6unomos (1 +2)" n (1 +
1)", nocpeacTBOM KOTOPBIX onpeseneHsl uncia C-npeodpasopanuii u C-aHTUIIPEOOpa30BaHMmii, a
TEM CaMbIM Yncia TpeyroiabHuka [lackans u koaddunnenTsl pa3ioxenus bunoma HeroToHa.

6. CBsI3p CHCTEMHBIX NIPe00Pa30BAHMI U AHTHUINIPEOOPA30BAHNI C PAAOM
®dudoHavun — IoclIeaoBaTenbHOCTRIO uncen 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377,
... . BUIHO, 4TO Ka)K[0€ YMCII0, HAUMHASL C TPETHEr0, PABHO CyMMeE JIBYX Ipenpiaymux. [loatomy
3TOT PsIL HA3bIBAETCSl PEKYPPEHTHBIM, MJIM BO3BPAaTHO-NIOCTYNATEIbHBIM. CBSI3b UHCEN
CHCTEMHBIX NpeoOpa3zoBaHUi U aHTUIPeoOpa3oBaHuil ¢ uncinamu paga PudboHauyu
YCTaHaBIMBAETCs IOCPEACTBOM TpeyroyibHHKa [lackais: Bce yncia, pacroaoKEHHbIE BIOJIb
BEKTOPOB, apajjieNIbHbIX BeKTOpYy AB, B cymme natot uncna psja Gubonauun. U "none"' uyncen
psina Gubonauyuu okasbiBaercs "moxanonem" "nomus" uncen C-npeodpazosanuit u C-
aHTUIIPeoOpa30BaHUM, B CBOIO OYepe/Ib PABHOTO "MoI0" uncen TpeyrojabHuka [lackans.

7. CBsI3b CHCTEMHBIX NIPe00pa30BaHMIl 1 AHTHNIPEOOPA3OBAHMI € 30/10THIM
ceyenueM Ingaropa. Ona ycranasnupaetcs nocpenctsoM psja @udonauun. BeisicHuiocs, 4to
otnowmenwue 1/1, 2/1, 3/2, 5/3, 8/5, 13/8, 21/13, 34/21, 55/34, 89/55, 144/89, 233/144, 377/233,
.... B mpenene crpeMutcs K 3Ha4€HUIO 30710TOro ceuenust 1=1,618033..., yucny
uppanroHaasHoMy. Hanmpumep eciu 5/3 = 1,6666...(6 B nepuone), To 377/233=1,61802575... (c
TOYHOCTBIO 710 4-TO 3HaKa).

8. CBsI3b cHCTEeMHBIX NIPe0Opa30BaHMIl 1 AHTHIIPEOOPA3OBAHMI ¢ HEKOTOPBHIMH
(pu3uyeckumMu KoHcTaHTaMu. OHa yCTaHaBIMBAETCS IOCPEICTBOM 30J0TOr0 ceueHus. Kak
BBISICHWJIOCH B TEOPUH KaueCTBEHHOW cuMMmeTpun yrcen M.A. Mapyraesa 1=1,618... cBs3an
npeoOpa3oBaHUSIMU YTOU TEOPUU C Oe3pa3MepHOi BenrnunHOM 1/137 — moCTOSHHOM TOHKOM
CTPYKTYpBI aTOMOB, BBIBOAUMOM 13 (DyHIaMEHTAIbHBIX KOHCTAHT MIPUPOJIBL: 3apsijia SJIEKTPOHA
(e), mocrostanoi [1nanka (77), CKOpoCTH cBeTa (¢), OTHOIICHHS JJIMHBI OKPYKHOCTH K €€
nuametpy (7), mockonbky 1/137 ~e2/nc, a n=h/2r.
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Bce 31 cBsI3u - BecbMa CUMITOMAaTUYHbBIE: OHH YKA3bIBAIOT HE TOJILKO Ha OTPOMHOE
THOCEOJIOTUYECKOE 3HaUeHUE, HO M PyHIaMEHTaJIbHOE OHTOJIOTMYECKOe 3HAaYCHUE YUCHUS
OTCY 00 3BOJIOLMOHHBIX ¥ HEIBOIIOIMOHHBIX TPEOOPA30BAHUSIX U aHTUIIPEOOPA30BAHUSIX.

Paboma evinonnena npu ¢hunancosoti noooepaicke Poccuiickozo eymanumaproeo HayuHo2o
¢onoa, epanm Ne 96-03-04525.
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