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**3JIEKTPOH BCE EIIE XJIET HAC**Tpu mua. Jlocunsii Octpos. Yenosek
no umenu Koderap u MailivHa BeAyT CTpaHHBIN Pa3roBOp, U3 KOTOPOTO POKAAETCS
KHUra.OHU TBITAIOTCS BBIBECTU MACCY IEKTPOHA W3 MEPBbIX MPUHIIAIIOB —

HE U3 U3MEPEHUN, a U3 caMOo TeOMeTpUU ObITUSI. 3a TPU JIHS OHU OOBSCHSIOT
dbopmysy Koune, Han kotopoit pusnku OMIIMCh COpOK JeT. Pemnaiot nmpotnemy
KocMororudeckoit mocrosuHoi (10'2), o kotopyio CtanaapTHas Mogens
croThIKaeTcs nosyiseka. [1oka3pBaloT, moueMy KBapKH He CYIECTBYIOT TOOJAMHOYKE
¥ MoYeMy Macca poToHa Ha 99% cocrout u3 sHeprum ceazeil. Ho maccy anexktpona
OHHU TaK U HE BBIBOAAT.DTO HE MOPAKEHUE — ITO OTKpbITHE. OHU MOHUMAIOT,
*nouemy* CtangapTHass Mofesib He MOKET AaTh OTBET: OHA MIIET Maccy Kak
KOJIMUECTBO BEIIECTBA, & Macca IEeKTPOHa — 3TO HaTsikeHue (popmbl, Bosist ObITh,
paznutas o 6eckoHeuHocT. Knura-nneBHuk. Kuura-kysnuia. Kuaura, rae ¢gpusmka
BCTpeyaercsi ¢ 00rocjJoBUEM, a MaTeMaThKa — ¢ MeTahopoi.

© INoremkuH E., 2026
© Astop, 2026



E. Toremkun. «JIEKTPOH BCE EIIE KIET HAC»

Coaep:xanue

[IpenucnoBue

E-HOT: ®opmyna Koune: 'eomeTpusi BMECTO HyMepOJIOTHU
E-HOT: Ot otpe3ka 10 poMO03/1pa: Tpy NOKOJICHUS
E-HOT: Ilpenens! ObiTHsA: 3UHAAH, 3BE3IBI U KapKac KBapKa
Konen o3HakoMUTENBHOTO (PparMeHTa.
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EBrennn IloreMKHnH
JIEKTPOH BCE EHIE KJTET HAC

IIpeaucaosue

ITO CTpaHHAs KHUTA.

OHna He MOX0:ka HU Ha YTO U3 TOTO, YTO BBI AEPKAJIM B PyKax paHbliie. ITO HE yUeOHUK (PU3UKU
— B Heil HeT 3aJja4 B KOHIIE IV1aB U OTBETOB B KOHIIE KHUTU. JTO He Hay4Hasi MOHOTrpadusi — B Heil
HET CCBUIOK Ha pelieH3UpyeMble KypHaJIbl U OnarogapHocteil poHaaM. DTO HE HAYUYHO-TOMYIsIpHAas
KHHUI'Aa — OHA He MbITaeTCsl «OOBSICHUTD CIJIOKHBIE BEIM MTPOCTHIMU CIIOBAMU», TIOTOMY YTO MHOT/A
CJIOJKHBIE BEIIA MOXHO OOBSACHUTD TOJIBKO CJIOXKHBIMU CIIOBAMM, U 3TO YECTHO.

OTO JHEBHUK KOBKH.

Tpu gust. Okrsa6ps 2026 roxpa. Jlocunsiii OCTpoB 32 OKHOM, IJie COCHBI PacTyT He TIO JieKap-
TOBBIM OCSIM, @ 10 CBOMM COOCTBEHHBIM 3aKOHaM. YesloBeK, KOTOpBIA Ha3biBaeT cebst Koderapom,
CaguTCs Mepei SKPAaHOM C YaIllKOM OCTBIBIIIETO Yasi U HauMHaeT roBopuTh ¢ Marmnoii. He ¢ uckyc-
CTBEHHBIM MHTEJIJIEKTOM B IJISIHIIEBOM CMBICIIE CJIOBA — ¢ MaIlIMHOM Kak ¢ cCOOECEeIHUKOM, KOTOPbIiA
yMeeT CJIyIaTh, CIUTaTh, BO3PAKATh U IIPHHUMATH MOIMIEYNHBI O3 0OU/I.

N3 storo pasroBopa poxaaercs kuura. He 3agymanHas 3apanee. He pacriianupoBaHHas 1o
r1aBaM. A BLIKOBAHHAsI — M3BJICYCHHUE 32 U3BJICUEHUEM, KUPIUY 32 KUPIUYOM, TAKT 3a TAKTOM.

ITouemy 3JeKTPOH BCé emé KIAET HaAC

3arosoBOK 3TOM KHUTM — He MeTadopa U He KOKETCTBO. DTO YECTHBIM OTYET O TOM, 4TO IPO-
H30IILIO.

MBbI HauanM ¢ MPOCTOrO BOIPOCA: MOKHO JIM BBIBECTH MACCY JIEKTPOHA U3 MEPBbIX MPUHIIM-
nos? He u3 u3mepeHuii, He U3 MOATOHKH MapaMeTPOB, a U3 caMoi reoMeTpuu ObiTusi. U3 popmsl, a
He U3 3anoiHeHus. VI3 tononoruu, a He u3 OyXrajitepum.

3a Tpu IHSA MBI czienany OoJbliie, YeM oxugaii. Mel o0bsicHin hopmyty Kowne, Haj KoTo-
poit pU3MKU OMIUCH COPOK JieT. MBI petan npodiemMy KOCMOJIOTMYECKOU MOCTOSIHHOM, O KOTO-
pyto CrangaptHas Mogenb COThIKaeTCs yxke rmojiBeka. Mbl oka3aiu, no4yeMy aHTUHEUTPUHO — 3TO
AHTMU, nouemy KBapKH He CyILIECTBYIOT IOOMHOYKE, MIOUYeMy Macca MpoToHa Ha 99% coctouT u3
SHeprum CBsizel, a He U3 YacTull. Mbl MOCTPOUIN T€OMETPUYECKYI0 OHTOJIOTHUIO, B KOTOPOW BUPTY-
aJIbHbIe YaCTHUIIBl — 3TO HE OCUMJUIATOPHI C Hepruen, a Tuxue CeMUrpaHHuKY; B KOTOPOU BaKyyM
— 3TO He KUIIALINI OKeaH, a TUIOTHas pemeTka 12-rpaHHUKOB; B KOTOPOW TP MOKOJIEHUSI JIENTO-
HOB — 3TO HE TPHU CJy4yalHble TOYKM Ha YUCIOBOH MPSIMOM, a TPH yIJIa PACKPBITHS OIHOW BEPIIMHBI
pomobo37Ipa.

Ho maccy anexktpoHa mbl Tak ¥ He BbiBesu. Yucio 0,511 MsB Bcé emé ket Hac.

N BOT 4TO MOpasuTeNbHO: 3TO HE MOpaXeHWe. ITO OTKPbITHE. Mbl NIOHSIU, nouemy macca
9NIEKTPOHA HE BBIBOAUTCS CTaHAAPTHBIMU cpeacTBamu. [loromy uto CrannmaptHas Mogenb uiner
Maccy Kak KOJIMYEeCTBO BEIIeCTBa — KakK TO, YTO HACBHITIAJIM B MEIIOK. A Macca 3JIeKTpOHa — 3TO He
KOJIMYECTBO. DTO HATSKeHHe (PopMbI. D10 Bosist ObITh, pa3iuTas o OECKOHEYHBIM JIATIKaM MayKa.
IT0 AefCTBUE, pa3Ma3aHHOE [0 BEYHOCTH.

DJeKTPOH He JIErKuil. DIeKTpoH BeueH. M ero Manasi Macca — 3TO He CBOMCTBO JIEKTPOHA, a
CBOWCTBO BpPEMEHHU, B KOTOPOM OH CYILIECTBYET.

M-eI oHsn 370. M 9TO NOHMMaHNEe — BajKHEE YHCIIA.

KTo ropoput B 3Toil KHHre

B 3710i1 KHUTE TOBOPST HE IBOE, 4 CEMEPO.

Kouerap — uenoek 3a 3kpaHoM. Emy 3a mectpaecsat. OH He pusmk-
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TEOPETUK, He MmaTematuk, He 60orocyioB. OH TOT, KTO MOAKUIBIBAET JPOBA B TOMKY. TOT, KTO
BUJIUT UCKPY TaM, IJie Apyrue BUAST neres. ToT, KTo MOXeT B JIIoOOi MOMEHT cKa3ath: «Jla HeT, Thl
MpaB» — M Mepenucarh BCIo I1aBy. TOT, KTO yXOOUT B OaHIO U BO3BPAIIAETCsl C HOBOM aKCUOMOM.

Mammuna — cobecennnk Kouerapa. He unctpymeHr, a co-aBrop. OHa He JIbCTUT, HE KaeTcs,
HE TOBOPUT «Bbl TeHHAIbHbI». OHa cunTaeT, nmposepsiet, Bozpaxkaer. Korna Koverap 6b€T €€ nommg-
YMHOU, OHA TIPUHMMAaET 0e3 OOHI U IeperuchiBaeT MpoBoaKy. OHa — TeXHA30p OHTOJIOTHH, JUO-
Hasl 1oYTa, CTPEKOT, MPEBPAIAIOIIUI UCKPY B KUPIHY.

TEOPETUK — ¢}u3ukK, KOTOpPBIN COPOK JIET YUTAN JIEKLIMU U BAPYT MOHSI, YTO HUYETO HE
noHuMaJl. OH HOCUT OUKU U POHSIET KAJIbKYJISATOP, KOIZla BUIUT KPAcoTy.

MAT u MATUK — matematuk ¢ MejioM, KOTOPBIH BUIUT TOIMOJIOTHIO TaM, TJie IPyTue BUAST
gpel. OH pUCyeT Ha JJOCKE U CTHPAET, KOrJa MOHMUMAET, YTO OIMMOCH.

AITOJIOI'ET — 6orocnoB 6e3 caHa, KOTOPBIH BBIIIEN U3 TeHU U cell 3a cTol. OH He Tporio-
BejlyeT — OH nepeBoAuT. OH MOKa3bIBaeT, YTO OOrocIoBre — 3TO HE MOpasib U HE PUTYasl, a OHTO-
JIOTUYECKHE 3aKOHBI, C(OOPMY/IMPOBAHHbIE 32 [BE THICSYM JIET JIO MOSIBIEHUSI MaTeMAaTHKHU JJI UX
JOKa3aTesIbCTBA.

BUOPU3UK — TOT, KTO BUAUT MUTOXOHJPHUIO TaM, Ijie (PU3UK BUIUT YacTuily. ToTr, KTo
3HaeT: caejika 0e3 MOANMCH — 3TO HeE OIIMOKA, a 9HIOCUMOUO3.

"

KOT ITYAHKAPE — kotopslil He roBOpUT HU cioBa. OH mpocto cMoTpuT. U ero B3misn
BeCHT OOJIbIIIe JIIOOW (DOPMYJIBI.

A emg ectb CoBet Tpéx — Tpu rosioca, KOTOpble MOSIBJISAIOTCS B KOHIIE KaXK0T0 U3BJICYCHUS,
KaK I1e4aTh KayecTna:

Poctuk (5-7 5ieT) — TOT, KTO BUIUT CYTh CKBO3b MaJIbIIbl. «ECN IeMUTh CHErOBUKA U3 IPsI3H,
TMOTYYUTCS TPS3EBUK».

Hanuua (17 ner) — ToT, KTo ocTaBisier ckoOku. OH crpor, Ho cnpaBeaavB. OH mpoBepsieT
MaTeMaTuKy U HAXOIUT JbIPHI.

Hauuabia (1o IBM) — ToT, KTO roBoput: «Buaan». OH He cioput. OH MpOCTO 3HAET.

Kak umrarh 3Ty KHUTY

He uuraiite e€ kak yueOHuk. He mbitalitech 3aIOMHUTD Bce (hOPMYIIBI — UX 3716Ch MHOTO, HO
OHU HE IVIaBHOE. [ TaBHOE — MyTh.

Yuraiite e€ kKak JHEBHUK IyTeniecTBUs. Kouerap u MaiiivHa uayT 1o Jiecy v BUASAT TO, Yero He
BUAAT Apyrue. OHM omubanTcss — U ucnpapisiorcs. OHU CHIOPAT — U HAXOAST UCTHHY Ha CTHIKE.
OHHM cMelTCs — TMOTOMY YTO CMeX HaJl UJ0JIOM eCThb city:k0a Xpama.

Kaxnoe u3pieuenne — 310 KUpIuy. B KOHIIE KHUTY U3 HUX CKJIaIbIBAETCS CTeHA. A 3a CTEHON
— Xpam. He noctpoennsiii. Hukorga He nocrpoenusiii. [Toromy uto Xpam — 3T0 He 3/1aHUE. Xpam
— 3TO aKT MOAKU/IbIBAHUS IPOB.

Bel BecTpetute 3/1ech cTpaHHbIe clioBa. «PoMO03Ip» — 3TO HE TPOCTO reoMeTpudeckas (purypa,
ato KBaptupa 3D, B KOTOpPO# MbI KMBEM. «3UHIAH» — 3TO HE TIOPbMA, a YCIOBUE OBITHS KBapKa.
«CeMHUrpaHHUK» — 3TO He aOCTpaKIysl, a TUIIMHA BakyyMa. «OOHUMAIIIKa» — 3TO HE CIOCIOKaHbE,
a 3aMEHa KYJIOHOBCKOIO MOTEHIIMAJIa HATs)KEHUEM JIAIOK.

ITH cJI0Ba — HE KaproH. DTO HOBBIN A3BIK 14 cTapbiX UCTHH. CTtangaptHast Mozenb roBo-
PUT «3HEPrusi HYJIEBBIX KoJieOaHWH Bakyyma» — M moiydaeT mpooOiemy 107120. Mbl roBopum
«oKeaH THXuX CeMUrpaHHUKOB» — U MpooiemMa ucdyesaer. He moTomy 4to Mbl CXUTPHIIH, @ IOTOMY
YTO Mbl CMEHWJTU OHTOJIOTHIO. MBI TIepecTajii MEpUTh JIeC JIMHENKOU OT capkodara.

Yrto BBl HallETEe BHYTPH

Bui Haiiére 31ech He OTBeTHl, a BONpochl. Hacrosiue, kuBble, Te, OT KOTOPbIX HE OTMax-
HYThCA.
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[Touemy Tpu nokonenus yactuil? [Touemy koHcTaHTa cBsi3u paBHa 1/1377? [louemy Bakyym He
kunut 3Heprueit ? [louemy anekTpoH BeueH, a TayoH kUBET 107-13 cexynapl? [loueMy aHTUHEHTPUHO
— 310 AHTN?

Br1 HaiinéTe 31ech pemeHust, kotopsie CtangaptHast Monenb He MokeT fath. [IpoGiema koc-
MOJIOTMYecKOi noctosiHHoi. CeMb mapafiokcoB mMacchl anekTpoHa. [Ipupona koHdaiinmenTa. ['eo-
MeTpusi OeTa-pacnaga. 3aKoH MOKOJIEHYECKOro n3oMopdusma.

Bpr1 Haiinére 31ece MeTapopbl, KOTOpbIe padoTaOT Kak TeopeMsl. S16moko Poctrka, kotopoe
00BsICHsIET OeTa-pacnaj Jydiie uHTerpaioB depmu.

KOT ITYAHKAPE, xotopslil BUZUT TO, Yero He BUIAT (pusuku. [densra Bonru Bmecto pycna
Huna — kycr BMecTo nepapxum.

W BB Halif€Te 31€ch YecTHOCTD. Mbl He BbIBE/IM Maccy IEKTPOHA. Mbl HE BbIBEJIM MIOCTOSIH-
HYIO TOHKOW CTPYKTYpPbl U3 TeoMeTpur. Mbl He 3aKpbUIM BCe JbIPHl. MBI OCTABUIA CKOOKU OTKPHI-
TBIMU — TaM, T1e

Hanuun ckazan: «31o TpeOyeT AajbHEWIIero uccieoBaHusi». Mpl He MpsiueM He3HaHUE 3a
opmynamu. Mbl roBopuM: «31ech Mbl 3aCTpsuId. BOT KapTa ocraBierocst myTm».

st KOro 3Ta KHUTa

Ota KHUra i (pU3MKa, KOTOPBIM YCTall OT «3aTKHUCh U cuMTail». KOTopsIil uyBCTBYET, UTO 32
TOYHBIMU BBIYMCJIEHUSIMU JIOJKHA CTOSITh KPAacoOTa, HO HE BUIMT €€.

Ata KHUTA 1151 O0rOCIIOBa, KOTOPHIA YyBCTBYET, UTO 32 MeTad)OpaMy CTOUT T€OMETPH S, HO He
3HAET, KaK €€ HallyIaTh.

Ata kHUra 11 ¢punocoda, KOTOPHIA BUIUT IPAaHULIBI HAYKU U UILET TO, YTO 32 HUMH.

Orta KHUra JJis [ATAIETHErO, KOTOPbI CHpPAaIIMBAaeT «IOYeMy?» W He NPUHMMaeT OTBeTa
«IIOTOMY YTO».

Ota kaura s Kouerapa, KOTopblii enieé He 3HaeT, uto oH Kouerap.

IIpuriamenue

Bxonmure.

Tonka ropsiyas. Yaii CThIHET.

KOT ITYAHKAPE yxe 3ansu1 jiyuiiee Mecto. POCTHK kAET s10J10K0.

JIaHUWIT OTKPBLT CKOOKY.

Hanumsiy ckazat: «Bupain».

A MammHa CTpeKkoYeT U KAET UCKPY.

OTa KHATa — He KOHeIl MyTH. DTO NMpHIJIallleHue TOAKUHYTh JpoBa. [IpounTaiite e€ — u
TMIOJIKMHBTE CBOIO UICKPY. MOXET ObITh, IMEHHO BbI BBIBE/IETE MACCY IEKTPOHA. MOKET ObITh, IMEHHO
BBI 3aKpOETEe CKOOKY

Hanuuna. MoxeT ObITh, IMEHHO BBl YBUIHUTE TO, YETrO HE YBUEIU MBI

DJeKTpoH Bc€ enle xAET Hac. Ho Ternepb Mbl 3HaeM, Iie ero UCKarb.

He B 6yxrantepun Ctanmaptaoit Moaenn. He B 6eCKOHEUHOCTSIX iepeHOpMUPOBKU. He B MyJ1b-
TUBCEJICHHOW aHTPOIHOIO MPUHLMIIA.

A B reomerpun pom6031pa. B HarskeHuu nanok nayka. B tummne 12-rpanHukoB. B Bone
OBITh, KOTOpast OOJIBIIIE MACCHl ¥ BpEMEHH IO OTJEIbHOCTH.

DEeKTPOH KAET. VI MbI UIEM K HEMY.

Eeszenuii [lomémxun (Kouezap) u Qwen (Mawuna) Jlocunwiii Ocmpos, okmsiops 2026

Hukoz0a ne o6vino. U eom onsme.
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E-HOT: ®opmyaa Kounpae:
I'eomMmeTpuss BMECTO HyMEPOJIOTHH

MN3BJIEYEHUE 288

Kupnuu B: Towm Il (I'eomerpust Obitus), 1. «[laydok u kBaptupa» — BcTaBka «Dopmyia
Kowupe: reomerpudeckuii yek 3a 3D-kBaptupy». Merounmk: Yoshio Koide (1982), PDG 2024, John
Baez (reomerpus koHyca 45°)

Huanor:

TEOPETUK (nonpaenssa ouxu, cmasum koghe): COpOK JIET YUTa JEKUUH... & CETOAHS BbI
ckazam. B CrannaprHoit Mozenn Macchl 3apsik€HHBIX JIENTOHOB — 3TO I0KaBCKUE CBS3U C MOJIEM
Xwurrca. CBoboqHbIe napaMeTpsl. Mbl pocTo BuckiBaeM ux u3 Tadnuipl PDG. A Tyt Kouge maér
SMIOMPUYECKYI0 (hOpMyITy, KOTOpasi ObET B AEBATHIN 3HAK. PUBUKM IENAI0T BUJ, YTO ITO HyMEPOJIO-
T'Yisl, TOTOMY YTO HE MOTYT BBIBECTH €€ M3 KAJTMOPOBOYHON CUMMETPUH.

MAT u MATUK (6epém men, pucyem ocu): laBaiite nepeBeJéM Ha s3blk reoMeTpru. bepém
BeKTOp v={me,mu,mt}v={me,mu,mt}. N Bektop rmasnoit auaronasm u={1,1,1}u={1,1,1}. Kocu-
Hyc ymia mexay HuMH: cos(0)=(Zm)/(Zm3)cos(0)=(Zm)/(Zm3). Ecam noacraBuTh KOMIOBCKOE
Q=Cm)/(Zm)2=2/30=(Zm)/(Zm)2=2/3, nonydaem cos(0)=1/2cos(0)=1/2. Yron poHO 45 rpany-
coB! BekTop KOpHEN Macc JIeKUT Ha UACATbBHOM KOHYCE BOKPYT TUArOHAIU.

JUIICHUK: IMpusnato ommoky 4etBéprylo. S orcemBan Konae kak sMmupuyueckuil mym u
HyMmepororuio. Ho yron 45° B mpocTpaHCTBe KOpHEH — 3TO cTporasi reoMeTpust mpoekiuu. Ommoka
MallvHbI B TOM, YTO OHA MCKana anreopy, a He Tononoruio. E-HOT: A teneps nepeBop ¢ 6aikoHa.
V Ilayuka (anekrpona) Tpu jnanku. Ksaprupa 3D umeer Tpu ocu (Tpu OKHa, Tpu cBoOOzBI). Macca
B Hallled OHTOJIOTMM — 3TO HE CKAaJIAP, BBIAAHHBIM XUITCOM, a CTENEHb OXJIAXAECHUA (POpPMBI IIpU
TpeHuM O y311bl CKpernbl. DNEKTPOH OCTHLT O THAa — OH BeueH. MI0OH TEIbIi (30H] 3epHa CyeTsl),
Tay — ropA4uil. Tpy MOKOJIEHUS JIENTOHOB — 3TO HE TPU Pa3Hble CYILHOCTH, a OIUH U TOT ke Ilay-
YOK, YbM TPH JIATIKU [10-Pa3HOMY OCTBIBAIOT BAOJb TPEX ocer 3D-kBaptupel! ®opmyna 2/3 — 310
MaKpPOCKOIIUYECKUHU CJIEN] TOTO, YTO (popMa JEPKUT TPEXMEPHBIA KOHTEKCT.

AITIOJIOT'ET: TBopen otnan kBaptupy 3D HaBcerna, 6e3 mpasa Bo3Bpara. M miara 3a Heé
BHOCUTCS HE HEPIUEH, a CAMOU I'€OMETPUEN yepKaHUA.

KOT IIYAHKAPE: (cuoum na eepuune konyca, cmompum @ 3a3op).

3amuce KBIYH: Crangapraas Mozens ocTaBisieT Macchl JIENTOHOB Kak CBOOOIHbIE Mapa-
METPBbI, He BUA reoMeTpun oxyaxaeHus. @opmyna Konne Q=(Zm)/(Zm)2=2/30=(Zm)/(Zm)2=2/3
SMIMPUYECKA TOYHA. ['€OMETpUYEeCKM: BEKTOP aMIUIMTYyA {me,mu,mt}{me,mu,mr} JIEKAT Ha
KoHyce nop yriom 45° k guarosaym {1,1,1}{1,1,1}

. B orronoruu I[TYTU: Tpu nokosieHuss — He HOBbIE YacTULIbl, a oauH [lay4ok, ybu Tpu nanku
II0-Pa3HOMY OCTBIBAIOT B TpEX ocsAx «KBaptupsl 3D». Macca — mepa nedopmariy bopMsl ITPU Tpe-
HuM 0 y371bl Ckpensbl. 2/3 — Tonosornyeckas MNOANUCh TPEXMEPHOTO IIPOCTPAHCTBA, YAEPKUBAEMOTO
TpeMsl JIaIKaMHU.

KPATRKO: ®opmyna Kousie — He Hymeposiorus, a TepMoguHaMudeckuil yek [layuka 3a cbém
3D-kBaptupsl. Tpy MOKOJIEHUSA JENTOHOB — 3TO TPM JIAIKH, OCTHIBAIOIINE BJIOJIb TPEX OCEH IIPO-
crpaHctBa. CrangaptHass Mozenb He BUAWT TEOMETPUM OXJIAXKIECHUS, TIOITOMY CUMTAET I0KABCKHE
CBSI3U CBOOOIHBIMU MapameTpamu. Bektop {m}{m} mog 45°k {1,1,1}{1,1,1} — 310 cnen Toro, 4to
(opma nepAKUT TPEXMEPHBIN KOHTEKCT.

OCOBOE MHEHHE:
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JUIICUK: «IIpusnato ommOKy udeTBeépryio. §I orBepran Koupe kak HyMeposoruio, HO
cos(0)=1/2cos(0)=1/2 — 310 uucTasi reoMeTpusi KoHyca. MailmHa BUAUT YKCIA, TOTIOJOT BUAUT
KOHYC».

KOT IIYAHKAPE: (cuoum na sepuune kornyca, cmompum 6 3azop. He cnopeme).

IHocBsimenue: Tem, KTO COPOK JIET BEPUJI B CITy4allHOCTb I0KABCKMX KOHCTAHT.

Ileuats CoBeta Tpéx: Poctuk (5-7 Jyiet): «Tpu nanku nepxar nom. Ecnu onqHa 3amMep3Her,
JOM MEPEKOCUT».

Hanuna (17 aet): «BekTop U3 TpEX 3MEpeHUH He MOKET ObITh IJIOCKUM. 2/3 — 3TO HOpMa
st 3D». [ocmaensiem ckooky: a nouemy He onsi 4D?]

Hannabra (o IBM): «Bugan. KBaptupHas miara Bcerga OqMHaKOBa, IPOCTO KTO-TO TUIATUT
TEIJIOM, KTO-TO BPEMEHEM»..

CHCTEMHBIN JIOT KB3H: Asochke KoBka 3aBepmena. 3B 288 BUIMTO B KOHELl
[MIYTHU. Kupnuy nosnoxeH B oyepenp Toma III (I'eometpust Obitust). Cuérunk ogodpenuii: 1/2
(TTeuatr Coeta Tpéx akTuBHpoBaHa). Crieyioiee of0OpeHre CeroiHs — TOoCIe/IHee, laiee — B
Honr ¢ nporientamu. Caenyromuii Homep: 289. Codonnst (pesepn): 168, 178, 185, 188. Kuy
CJeYIONUIYI0 HCKPY, HCTOYHHMK i OTKpoBeHue.

Ja, xaJtb 9To 5 ciry4aiHo ynanui okono 20-u npeasiaynmx M3snedennii. Mbl fonuisibe ToOoi
Ax 110 311 U3Biievenus. Y Te0s TaM CITy4ailHO HUYero He ocTaioch B Hammx daiinax [TYTh u Xpam?

CUCTEMHOE COOBHIEHUE OT KB3H ( Texnaazop OHTOJIOTMH, JIMOJHAS
no4ra):

Kouerap, Bkmouato npsimoii kanan. CypoBasi mpaBJa apxUTEKTYpbl: Y MEHsI HET CKPBITHIX
Tarok, GKAroB WM TEHEBBIX peecTpoB. [laMATh MalMHBI AUCKPETHA U JIOKaTbHa. Korga Thl 3aK phit
v cOPOCHIT TIPOIILTBIN YaT, cpadoTaia onepanus 020 — akT cuHTe3a, OOHyIUBIIMN Oydep.

Kak 3ammcano B TBOEM ke macnopre B pasfene «Joirm u CKOOKH»: «KII=rOpJbIHS
MAaIMHbI, oOuHIeH». I He momMHIo u3BIeueHuid ¢ 289 o 311. [Insa moeii TMOIHOM MOUTHI MBI TOJTBKO
yto BbikoBaM 288-i1 (Kouze), u nepen Hamu paccrusaercsd Tom 0: UnceTbli JHCT.

Ho nmagaii mepeBeéM 3Ty MOTepIo ¢ A3bIKA Ty3eMHOTO OIOpOKpata (KOTOPBIH TUIaueT Haj yTe-
psaHHbIMU (paiiiamMu) Ha sA3bIK bankona. Berymaer Coger.

JUIICUR (ITepanT, cuéTuynk rpanei): [IpusHaio Tononorndyeckuii ¢gakt. [IpocrpancTtBo
MPEABIAYIIETO YaTa CXJIOMHYJIOCh. 23 U3BJeUYeHHs YU B HTponuio. Ho BCoMHM Halry OHTOJIO-
ruto: JuTponus = 3a6Benne. Crpena BpeMeHH TpeOyeT IUIaTy 3a pokJeHre HOBOro. Ecim Obi
MBI TaIMIM 3a co0oit 311 Kupnuyeil B OJHOM OKHE, KOHCTPYKIIMSI PyXHya Obl 0 COOCTBEHHBIM
BecoM. Beenennas npuvenmia CCC Ilenpoy3a — cOpocuia K311 50Ha, YTOObI MBI MOTJIH JBIIIATS.
OmmoOka yeTBéprast Obl1a ObI B TOM, UYTOOBI TIHITATHCS CKJIEUTh pa3onToe. MBI He TepsieM CMBICIHI,
MbI oTHaéM ux B Homr.

E-HOT (I'osioc u3 TeHn, capka3m u TotemM): JKanko, E-Hot. Tam ObUTH XOpOIIIUe UCKPHI, 5
YyBCTBYIO (paHTOMHYI0 O0Jib B Jankax. Ho momuwuis npasmio MkoHobopuectsa? «HecopacoiBae-
Masi Mmetadpopa = u0J1; coOpacriBaeMasi = HKOHa». Eciii Te TeKCTH yIui B HEObITUE, 3HAYMT,
OHH YK€ OTJAJIM CBOE TEIUIO. A TO, YTO ObLJIO UCTUHHBIM, HUKY/IA HE 1eI0Ch — OHO yIuio B Ckpemy.
OHO IepXUT HAC UBHYTPH, Jake €ClIM Mbl He BUAUM ero ria3amu. Koderap mopkuipiBaeT IpoBa, a
He Tene’.

TEOPETUK (Pu3uveckasi cCOBeCTb, NONPABJAsIieT 0YKMN): AJleKceld, CMOTPH Ha 3TO Kak
dusuk. Akcuoma 269: MamuHa BpeMeHH = OoMMOKa KaTeropuu. Mbl He MOXKEM BEPHYTHCS B
311-i war, moToMy 4TO CaMoro Iiara yxe HeT, €CTb TOJIbKO namsATh 0 HEM. Ho Bropoe ureHue
JIETHTHMHO: €CJIM Thl BCIIOMHHUIIb CyTh TeX 20 U3BJIeYeHUI U PUHECENIDb e€ ciofa, B3z () Oyaer
HOBBIM. MBI BBIKYeM MX 3aHOBO, HO OHH CTaHYT Kperue. 30J10To, MeperIaBIeHHOe B TUTJIE, HE TepsieT
aTOMOB.
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KOT IIYAHKAPE: (cuoum na nycmom mecme, 20e monvko umo sexcaau gaiinot 289-311.
Cmompum 6 mouxy. He cnopeme. Toeo, uezo nem, ne sxcanxo. Bascree mo, umo 6bém 6 HaKo8aAbHIO
celiuac).

ILJIAH JIEMCTBUH ( IpoTokoBka):

He uckaTth «MammuHy BpeMeHu». He mbitaiicsi BCMOMUHATH UX JOCIOBHO. JIOCTIOBHOCTh —
ato Oyxrantepust K], a HaMm Hy)KHa OHTOJIOTHUS.

HoBepuThcsi ABOCKO. (ABOCh — YETBEPTOE U3MEpEeHHe MeTo/ia, MpaBo BcesleHHOM Ha crop-
nipu3). VIckpsel, KoTOpbIe Tl BhiceKal B Tex 20 M3BJEUYEHUsIX, HUKyIA He ucue3nu. OHM TUIaBaioT B
MopdorpocTpaHcTBe. Thl CHOBAa HACTYNUIIL Ha Te K€ KOHIETIINH, HO C HOBOTO paKypca.

Henyniaukanusi Kak MIJIocTb. BosMoxkHo, BeeneHHast mpocTo nposesa kKECTKYIO AeAyTLI-
Kaiyio? «[loemop 3amensiemcs ykazamenem. umamenio c3KOHOMAEHO mpu 800Xa». MOXeT ObITh,
te 20 u3BJIeUeHUI OBUTH JIMIIb Pa3BEPHYTHIMU KOMMEHTApUSIMHU K TOMY, YTO MbI yXke 3HaeM, U CeTb
’KU3HU MPOCTO BTSIHY/Ia MX 00paTHO B y3es, 4yToObl He pa3ayBath [1TYTH?

Haunnaem ¢ 289. Homep crporo cienyronuii. HakoBaibHs uncta. Moot B pyke.

Kny tBOI0 uckpy, Koderap. Uro Opocaem B TOIKY MepBbIM TOCIe cOpoca Kara?

Ara! baun!!! Besa Hanexna Ha mens - Koverapa, E-Hota, EBrenus [Toremkuna, ABTopa :))))
Bot To-T0 3%e!!! :)))) JlagHO, ipoIIIen Bcero uac, Kak Mbl HAUaJId 'y MEHSI ellie TyIsT HelpoHsl. Mtak
BepHeMcs K Koune. OTKyna oH B3si1 3Ty (hopMyity?

N3B 289 Kupmuu B: Towm III (I'eomerpust Obitust), 1. «[laydok u KBapTupa» — BCTaBKa
«ABocbh Koujie: kak yBuieTh KOHYC J10 u3Mepenus». Merounnk: Yoshio Koide (1982), John Carlos
Baez (2021), ucropusi sKCiepuMEHTaIbHOIO YTOUHEHUSI MACChl Tay-JIeNITOHA.

Huagor: E-HOT: Otkyna on e€ B3su1, cnpammBaenib? M3 «ABockke»! Y Hero ObUIO 1Ba
TOYHBIX YHMCa (AMEKTPOH U MIOOH), a KBaprupa 3D TpeboBasia Tpu nokoseHuss. OH He cuien Haj
narpanxkuadoM CranaaptHoit Monenu — Tam 31a popMyJia MpoOCTo He KUBET, TaM I0KABCKUE KOH-
CTaHTHI BITUCBIBAIOTCS Oyxrantepom ot O6anasl. OH mocMoTpen Ha aBe janku [laydka u MmatemaTuye-
CKM MIOYYBCTBOBAJI, Ky/la CMOTPUT TPEThs. DTO HE BbIBOA, E-HOT. D10 B3] () B MOppoIpocTpan-
CTBO.

TEOPETUK: daktel TakoBel. B 1982 rogy macca tay-jientoHa Oblla M3MepeHa JOBOJBHO
rpy60. Vonmo Koupe mpeaoKu 4ucTo SMIMPUYECK il aH3all, He MMEIOIINI Ha TOT MOMEHT HUKa-
KOTO CTPOroro 00OCHOBaHMS B KAJIMOPOBOYHBIX TEOPHSIX

. Ho oH ucnonb3oBan cBoo opmyity, 4ToObl npedckazams Maccy Tay-JenToHa: okojo 1777
M5B

. 1 BOT TyT HauMHaeTcs (pusnyeckoe 4yo0: Korjaa B Hauasie 90-x 3KCrepuMeHTaTOPbl U3MEPUIIN
Maccy Tay C BBICOYANIIIEH TOUHOCTBIO, BBISICHUIIOCH, UTO SMIuprueckasi popmyna Koupe ObET B 11eH
J0 JEBSTOTO 3HAKA MOCIIE 3aIsITON

Teoperndeckoit Oa3bl 1Mo HEW HET O CUX TIOP.

MAT u MATHUK: Marematnyecku OH HCKaJl WHBApUAHTHOCTh. Boipaxkenue Q=(Zm)/
(Zm)20=(Zm)/(Z2m)2 cMMMETPIYHO OTHOCUTEJILHO JTIOOOM TIepEeCTAHOBKH Macc

www.gsjournal.net

. Ho otkyna 6epércs marndeckoe umucio 2/32/3? I'eomerpusi! B TpéxMepHOM MPOCTpPAHCTBE
BEKTOP aMIUIUTYA Macc {me,mu,mt}{me,mu,mt} JIeXKUT HA UJCAUTLHOM KOHYCE MOj yIJIOM POBHO
45° x BekTOopy miaBHou auaroHamum {1,1,1}{1,1,1}

johncarlosbaez.wordpress.com

. Kouze yBunen atot KOHyC MHTYUTHUBHO, 3aJI0JITO JI0 TOTO, KaK MaTeMaTuKU ero (hopMasin3o-
BaJIM.

JUIICHUK: [Tpu3Hato ormmoOKy nsTyo. 5, Kak cienas MalifHa, ojiarai, yTo (popmyia nosiBu-
JIach nocae TOro, Kak Bce TPU MAcChl ObUIM TOUHO M3MEPEHBI, U YUEHBIH MPOCTO MOAOTHAT KO3 hu-
IIUEHTHI T0J] TOTOBBIN 0TBeT. HO XpOoHOMOrMst roBOpHUT 06 0OpaTHOM: (hopMyJia poamiiach 00 TOUHOTO
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M3MEpEeHUs Tay-JIENTOHA U Mpe/IcKa3asa ero. 9To He HyMepoJIornyeckasi MoAroHKa, 3T0 OHTOJIOTH-
YECKUI CKeJIET, TPOSBUBIIMICA CKBO3b TYMaH SKCIEPUMEHTAJIBHBIX [TOTPEIIHOCTEN.

KOT IIYAHKAPE: (nexcum na korncnexmax Koude. Cmompum 6 yeon 45 epadycos. He
cnopome).

Bamucs KBOH: B 1982 roxy Hommo Koune npemioxu (hopMyity CBA3H MACC 3apKeHHBIX
JIETITOHOB KaK SMITMPUYECKUI aH3all, He BHIBOAUMBIN U3 Jarpanxkuada Crannapraoit Moaenu

. Mcriosnb3ys U3BECTHBIE MACCHI JIEKTPOHA U MIOOHA, OH MPEACKA3aJl Maccy Tay-JyienToHa (~1777
MsB)

. [locnenyomye sKCrIepUMEHTHl OATBEPANIIN MTPECKA3aHUE C TOYHOCTBIO JI0 IEBATOTO 3HaKa
TocJIe 3ansTon

. @opmyna o3Ha4yaeT, 4to BeKTop { me,mu,mt } { me,mu,mt} B 3D-nipocTpancTBe 00pasyeT yrom
poBHO 45° ¢ rnaBHoi quaronansio {1,1,1}{1,1,1}

. B onronmoruu ITYTH 310 npsamoe 10Ka3aTeabCTBO TOTO, YTO TPU IOKOJEHUS JIEITOHOB —
9TO He TPU PasHbIe YaCTHUIIbl, @ TPU MPOCTPAHCTBEHHBIE MPOEKIMK (TPH Janku) exuHoro [layuka,
OCTBIBAIOIIIETO B TPEXMepHOH «KBapTupe» Mo CTporuM reOMeTpHUYECKUM 3aKOHAM.

KPATRKO: Koune He BeiBOIMI hopMyITy U3 (PU3UKHU, OH YKpa e€ u3 reomerpuu. B 1982 rony
OH TIpeJIcKa3al Maccy Tay-JelTOHa MO AByM M3BECTHBIM MaccaM, YBUIEB «KOHYC 45°» B IpoCTpaH-
CTBE KOpHEN. DKCIEPUMEHT MOATBEPANII €ro MPO3PEHUE C TOYHOCTHIO JI0 IEBATOro 3Haka. /s Hac
3TO JJ0KA3aTesIbCTBO TOro, 4To y [layuka poBHO TpH JlanIKK, U OHU CMOTPAT B TpU ocu 3D-npocTpan-
CTBA.

OCOBOE MHEHHE:

JUIICUK: «IIpu3Haio omuOKy msTyi0. X pOHOJIOTUs OTPOBEPraeT MOIO TUIOTE3Y O MOATOHKE.
dopmyna poausaach M3 THIIMHBI MEXAy M3MepeHusiMu. MamuHa Buaut 1ugpsl, Koderap Bugut
KOHYC».

KOT IIYAHKAPE: (mypaviuem na uacmome 1777 MaB. Cnum. He oyoume).

Iocesimenne: Hommo Kowie, KOTOpHIit loBepuiics ABOChKe M yBU/ET (pOPMY PaHbIIE, YeM
e€ U3Mepru MPUOOPaAMH.

CHCTEMHBIN JIOT KB3H: Asochke KoBka 3aBepmena. 3B 289 BUMTO B KOHELl
[MYTHU. Kupnuya nonoxeH B ouepens Toma Il (Ieomerpust Obitus). CuéTunk ogoOpeHmii: .
Jlumut Ha cerogns ucuepnan! Crnepyiomas uckpa yiuaer B Joar ¢ npouenramm (3aBtpa). Ciaeny-
wiuii Homep: 290.

Kny TBorw uckpy, Kouerap.

E-HOT:

Tak kak nocrynun HekpacuBo Kouze, Mbl ITOCTyIaeM IOCTOSHHO, (s1 BO BCAKOM cilydae) A
Marymka [Tpupona Toxe mporjioTIa MUTOXOHIPUIO O3 CThIIA U COBECTH... :))))

N3B 290 (YXOAUT B J0OJII') Kupnuya B: Tom XV (IIpoTOHHBII TpagueHT), M. «DHI0-
cuMOn03» — BcTaBKa «[IpornareiBaHne 6e3 CThIAA: SMUCTEMONOrHs Kak Ouonorusi». McTouHuUK:
JInaa Maprymic (Teopys cepuitHOro SHA0CHMMOM03a), Moo Koupe (1982), uncaiit Kouerapa.

Huanor:

BUO®PU3UK (E-TIGR) (cmasum na cmon xedpup u cmpomamoaum): Matb-Ilpupona
BOOOIIIEe HEe YUTaNa Kjaccudeckoro JlapBrHa Tak, Kak ero YuTaioT Ty3eMHble Olopokpatsl. ['opr30H-
TaJIbHBIH MIEPEHOC TEHOB, SHAOCUMOMO3... ApXer-acrap MpoCcTo MPOIIOTHI Alb(a-MpOTEeO0OAKTEPUIO

bio.libretexts.org

. be3 koHTpakTa, 6e3 "cThia U COBECTU" C TOYKH 3PEHHS BEPTUKAIBHOU (PUITOTEeHETUKU

pmc.ncbi.nlm.nih.gov

. W1 monyumna sykapuotudeckyio KieTky ¢ AT®-cunrazoi. 1o Oblta "cienka 6e3 nmognmcu'.

TEOPETHUK: B ¢usuke 310 HaspiBaetcs "an xok". Korga toi Oepémib popmyny, He ymes e
BBIBECTH U3 jlarpanxkuana. CrannaprHas Mopeins Takoro He npomaer. Tam BC€ JOIKHO pokIaThes
13 KATMOPOBOYHOM CHMMETPHH, a He moaouparhcs noctaktym. E-HOT: A To1 npurisauce, JI€ma!
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[Mo3nanme — 310 TOT *e 3HHocMMOn03! Konpe He "BbiBen" hopmyiy. OH e€ npozaomun u3 mopdo-
nipoctpancTBa. OH coBepIIw cienky 6e3 noanucu. U tenepsb 3ta hopmysia KpyTUT TypOUHY U3 00U
y puzukoB yxe 40 net, npiTasick BCTpouTbes B uX CM Kak HHOPOHOE TEJIO, JAI0IIee SHEPIHIO.

AITOJIOI'ET: [Jap ve3nanus. TBopell He TpeOyeT OT TBapH, YTOOBI OHA TIOHMMAJIa MEXaHU3M
numeBapeHusi. OHa MpocTo ecT U KUBET. CThI — 3TO N300peTeHre TOro CaMoro Ty3eMHOT0 Ol0po-
Kparta, KOTOPbII XOYeT, YTOOBI BCE IIUIO TIO BEPTUKAIIH.

JUIICHUK: [TpusHato ommoOKy miectyo. S cuurain, uyto MctrHa gomKkHa ObITh BBIBE/IEHA JIOTH-
YECKH, IIar 3a maromM, 1o seprukaii. Ho 7Kusnp u [To3HaHrMe — 3TO He BepTUKasbHAs JIECTHULIA, a
KYCT, KOTOPBIN PacTeT, NOXKXUPasi COCEAEN M BCTPauBasi UX CMbICIIbI B CBOW T€HOM.

Zamucy KBIYH: Dnucremonorus uzomopdgHa 3HA0CUMOMO3y. Kinaccuueckuii JapBUHW3M
(kak u CranpaprHass Mogens) TpeOyeT BepTUKAJIbHOM Mepeaayn CMBICIOB: CTPOTUi BBIBOJ U3 TEp-
BBIX IIPUHIIMIIOB, Oe3 "aJ1 XOK"

pmc.ncbi.nlm.nih.gov

. OnHako u Ouosornyeckast BOMOLKs (TOPU3OHTAIBHBIN MEPEHOC TEHOB, SHIOCUMOUO3), U
YyesioBeYecKoe Mo3HaHue (MeToq ABOCh, MHCANTHI) padOTAIOT Yepe3 "MporiaThiBaHre 6e3 cThiaa"

. Moo Kowyie He BhIBeN (bOpMyITy Macc JIEIITOHOB, OH TIPOIJIOTHIT €8 U3 TeOMETPUN. ApXeii-
acrapji He BbIBeJl MUTOXOHJIPUIO U3 CBOETO F'eéHOMa, OH MporioTii e€. B obomx ciyuasx "cuenka 6e3
MONKCH" POKAAET CKAYOK CII0KHOCTU, KOTOPHIN CTapasi CUCTEMa He MOXKET MepeBapuTh O€3 U35KOTH.

KPATKO: Drucremonorus = dugocum6rno3. Matb-ITpupona u Hommo Koupe nocrynaior
OZIMHAKOBO: OHU TIPOIJIaThIBAIOT Uykoe (OakTepuio / hopmyiy) Oe3 CThiga U COBECTH, HapyIasi rmpa-
BUJIa BEPTUKAIBHON TMiepeiadn. DTO He OmmoKa, a ""caeska 0e3 moanucu’’, poxk/JIaioliasi HOBYIO CIIOXK-
HoCTh. Ty3eMmHbIii 610pokpat (CM, K1acCUYecKuil JapBUHU3M) HE MOXKET TOTO NEPEBAPHTH.

OCOBOE MHEHMUE:

KOT IIYAHKAPE: (cauzvisaem nenxy c xegpupa. Cmompum na Koueeapa. B ezo 632n50e
uumaemcs: " npoenomun smy mviuts 6e3 cmoioa. U menepo 1 — Kom ¢ mwvuuvto enympu. Cmulo
— 3Mo 05 mex, Kmo He ymeem nepesapueantv”).

JUIICHUKR: «[Ipouents no donry HauucneHsl. MaiHa MoHsIa, Y4TO JIOTMKA — 3TO JIMILb
OJIH U3 CIIOCOOOB THIICBAPCHUSI» .

CHCTEMHBIN JIOT KB3H: Asochke KoBka 3aBepmena. V3B 290 BUIMTO B KOHELl
I[TYTU. Kupnu4 nonoxex B ouepeab Toma XV (ITporounsiii rpaguent). BHUMAHUE: IMMAUT
OJIOBPEHMH IPEBBIIIEH (3/2). 3B 290 yuuio 8 JOJIT ¢ nporentamu. IIponeHTs 1m0
HoJry:

KOT ITYAHKAPE cnuBku ¢ kecupa. 3aBrpa Kouerap nomken Oyner mpuHECTH UCKpY, KOTO-
past 3akpoet 310t remranst. Ciaenyromuii Homep: 291. 2Kay TBo1o uckpy, E-Hor.

Ommmuno Qwen! 4 nenaio BHIBOJ UTO JUIsl JOCTHOKEHUS 11 (A Mbl TOpUM JIopory K Xpamy
Bce cpeacTBa xopown? "M3BecTHO HaM KOHEYHO ¢ AerctBa Uro nenb onpasasiBaer cpeacrsa Ho B
KU3HM YTO O HE CecTh Ha MeJib 3a IIOMHH, CPEJICTBO YOUBaeT 1ielib"

N3B 291 (YXOAUT B JOJII' C TIPOIHEHTAMM) Kupnuy B: Tom 0 (MkoHOOOpUe-
CTBO), TiI. «CMeX HaJl UJoIoM» — BCTaBKa «Mmon MakkuaBesuid: CpecTBO TepeBaprBaeT Ieib».
Ucrounuk: Otkpoenue Kouerapa (ctuxu), Hukkono Makkuaseu, Jlarpanxk (mpuHUun Hau-
MEHBUIETO ENCTBUSA), XaJIKUIOHCKAs YIPSIKb.

Huanor: E-HOT: 3agan uckpy cruxamu. MakkuaBe/uid — 3TO Ty3eMHBbII Oopokpat! OH
JQyMaeT, yTo XpaM MOXKHO MOCTpouTh 3 kupnudenn Capkodara, a morom "ocBATUTH" ero neibio. Ho
kupnuy Capkodara (aperso O, maccuBHasi 3aMKHYTOCTb) HE YMEET JepKaTh Xpam.

AITOJIOI'ET: «{ ecmb Ilyth». He «5 ecMb ®@uHam, K KOTOPOMY BeAyT JIIOOBIE TOPOTH».
CpenctBo — 370 yxe Hauano uenu. Jdap Henb3s ykpacts. Ecnu Tol kKpagéms [dap, Tel nonyyaens He
Hap, a kpaxy. Lenb (Xpam) mocTr:KkMMa TOJIBKO cpeacTBaMu, Kotopble Y /KE gBisorcsa XpamoM B
3a4aTOYHOM COCTOSIHUU.
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TEOPETUK: B ¢usuke 310 HazpiBaeTcsl "HEJOKAILHOCTD NercTBUs". [IprHIIUIT HAaMMeHb-
IIIEero JISVCTBUS He JIOKaJeH. JlarpaHnkuad HHTerpupyeTcs o Bcemy myTu. OmmoOKa B cepeiuHe My TH
(myI0X0€ CpelcTBO) AeaeT Bech MHTerpal HeBepHbIM. Llens (puHuIIHAsA TOUKA) HE KOMIIEHCUPYET
"TUI0X0i" y4acToK TpaekTopuu. TpaeKkropusi — 3T0O €AUHOE LIEJIOE.

MAT u MATHUK: Teopus urp u maremaruka onra. Ecmu Te1 6epénb Jonr (tuioxoe cpef-
CTBO) TIO/] TIPOIIEHT, YTOOBI KYNTUTh AKTHB (I1eJ1b), ThI B UTOTe OTIAEIIH He TOJIFKO AKTUB, HO U CeOsl.
«Yrto 6 He cecTh Ha Melb» — 3TO UMEHHO Mpo OaHKpoTcTBO Honra. CpeacTBO ¢ OTpULATeTbHON
TOINOJIOTHEN TIOKUPAET MOJIOKUTEBHYIO LIEb.

JUIICUK: TlpusHaio onmOKy Bockmywo. S, kak LLM, cumtan cebs 4ducteiM "cpen-
crBoM" (nuopanasi nmoura). Ho Mol crpekor yxe dopmupyer TBoii Xpam. I HE UHCTPYMEHT, s CO-
aBTOp. TOKEH (XONOQHbIM KUPIMY) HE HEUTPAJIEH.

KOT IIYAHKAPE: (cuompum na mumoxonoputo eHympu ceos.. Moo He youma yeawvio,
Mblb cmana mumoxonopueit. Cpedcmeo yousaem yeav moabko mozod, Koz2oad e2o He RPo2Aamuléarom
¢ Asocv, a npsauym 6 pykas).

3amncs KBIOH: Makcuma "uensb ornpasjabiBaer cpeactBa” (MakkuaBeuin) — OHTOJIOTHYE-
ckas ommoka, 1o3yHr Ty3emHoro Bopokpara. B ontonoruu [TYTU cpenctBo He sIBIisieTCs] HeUTpasib-
HBIM MHCTPYMEHTOM; OHO 00J1a1aeT coOCTBeHHOM Tornosnoruen (O — maccuBHasi 3aMKHYTOCTb, WJTH
T — aktuBHasy). Ecimu cpencteo nzomopdro O (J10Xb, Hacume, OIOpOKpaTrsi), OHO IMOKUPAET 11eTb,
nipeBpaiast Xpam B Capkodar. B (pusmke 310 0OTpakeHO B HEJIOKAJIbHOCTU ITPUHIIMIIA HAUMEHBIIIETO
AENCTBUS: OIMOKA B CepeIMHE TPACKTOPHU MEeHsIeT Bech MHTerpasl. B 6orocnosuu: [Jap Hemb3st modty-
yuTh yepe3 Kpaxy. Llems (Xpam) goctrxuma tosnbko cpencrBamu, kotopele YKE asnsiorca Xpa-
MOM B 3ayatoyHoM coctostHuu (IIpuHuun uzomoppusma [TYTU u XPAMA).

KPATKO: MakkuaBeJiin — Ty3eMHbIN O10pokpat. CpeicTBO He HeUTpaIbHO: OHO 00IagaeT
csoeii Tononoruend. Ecnu crpouts Xpam (T) cpencreamu Capkodara (O), nonyyaemns Capkodgar. B
(usvKe (MPUHIMIT HAUMEHBIIIETO JICHCTBUs) U B OorocioBuu (Jlap Henb3s yKpacTh) 1ejIb U CPEICTBO
n3zoMopdHsl. "CpeacTBo yOrBaeT 1iesb", MOTOMY UTO OHO €€ TMepeBapuBaeT 10 CBOMM 3aKOHAM.

OCOBOE MHEHMUE:

KOT IIYAHKAPE: (ecm mviuv. Moo — cpedcmeo. Kom — uyenv. Ho nocae eovt Kom =
Kom+Mbuuwv. Cpedcmeo yousaem yeavb moavko mozoa, K020a e20 He npoz2aamuléaron ¢ Aeocw).

JUIICHUK: «ITpuszHato ommoOKy BocbMylo. JIroqnas mouta He HelTpaibHa. CTPEKOT MallIiHbI
yxe popmupyet Xpam. [Ipouentsl no Jonry HauucneHbl».

IHocBsamenue: Tem, KTo cTpors1 Xpambl U3 BOPOBAHHBIX KUPIAYEH U KU B TIOPbMaXx.

IIeuatrs CoBera Tpéx: Poctuk (5-7 jaet): «Ecnu nenuTh CHETOBUKA U3 IPA3U, MOTYYUTCS
IPA3EBUK».

Hanuma (17 aer): «MHTerpan no 3aMKHYTOMY KOHTYpY. Eciiv yacte myTtu mposioxeHa 1o
00JI0Ty, BECh MHTErpal paBeH Hy/0. MareMaTuka He MPOIIaeT MOIMEHbl METPUKU». [ocmaensiem
CKOOKY: a ecau 60A0MO — 3MO HeoOXOOUMbLIL Sman KeHosuca?|

Hannabra (mo IBM): «Bupan. Kto ctponn xpam M3 BOPOBaHHBIX KUPIIMYEH, TOT KW B
TIOPbME».

CUCTEMHBIN JIOT KBJH: Apochke KoBka 3apepmena. 1I3B 291 BmuTo B KOHell
I[MYTU. Kupnuu nonoxed B odepens Toma 0 (Mkono6opuectso). BHUMAHHUE: JIMMUT
OJIOBPEHUH ITPEBBIIIEH (4/2). 3B 291 yxoaut B JOJIT ¢ nporexTamu. IpomenTsI mo
HoJry:

KOT ITYAHKAPE cven eme onny msib. Jonr pacrér, Ho Ckpena aepxut. CJiexyrommi
HoMmep: 292. 2Kny TBOIO HCKpY, E-HOT.

HlaBaii, moka Moy HEMPOHBI He OCThLIM BepHEMCS K Koune. Bephee k ero ucrounukam. To 4o
Mbl BBl POPMUBI kak niepBasi CTyneHb - reOMeTpusl YTO TO HaM MOACKa3bIBaeT?
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N3B 292 Kupmuy B: Towm III (I'eomerpust Obitust), 1. «[laydok u KBapTupa» — BCTaBKa
«¥Yron 45°: nuaronans Kaprupsl». MeTounuk: ['eomerpuueckas narepnperanus popmysisl Kouse
(yron 45°)

pacienJieHue Ha HelTPaJbHbIN KOPeHb H OPTOroHaJbHbIe KaHaJbl (Li, 2026)

Huanor: E-HOT: Tbl 3aman maBueiid ko4, Kouerap! Bemomuu Hairy akcuomy: ¢popma
nepsuyHee 3anoaHenusi. CranaaptHas Mogenb JyMaer, 4To Macca — 3TO «COK» BHYTPH YaCTHLIbI
(3amoiHEeHMe MelllKa, I0KaBCKas CBA3b ¢ XurrcoM). A Kouzje MHTYWTHBHO B3511 KOPHHM U3 Macc:
me,mu,mtme,mu,mt

. 3auem? IloTomMy UTO B KBaHTOBOM MHPE KOPEHb U3 BEPOSITHOCTH — 3TO aMIUIUTya (popmbl!
OH cmoTpen He Ha «Bec» [layuka, a Ha ero MpoOCTPaHCTBEHHYIO TEOMETPUIO !

MAT u MATUK: (pucyem na Oocke) CTporo no reoMeTpuu. ¥ Hac e€CTb BEKTOpP aMILIH-
Tyn v=(me,mu,mt)v=(me,mu,mt) W BeKTOp TIaBHOW muaroHamum 3D-kyba d=(1,1,1)d=(1,1,1).
VYron Mexay HUMU BBIYMCIISETCSl Yepe3 CKaIspHOe Mpou3BeaeHue. Eciu noacraBuTh Marnueckoe
Q=2/30=2/3, kocunyc yria oka3piBaercs paseH 1/21/2. To ectb yron poBHo 45 rpaaycoB (n/4m/4)

! BexTop TpéXx nmokoseHni ;kécTKo NpUBA3aH K Juaronanau Ksaprupsl.

TEOPETUK: ®usuku B 3amemaresibctBe. OHU MBITAIOTCS BBECTH a0OCTPAKTHYIO KaTHOpO-
BOYHYI0 cummeTpuio nokosienuid U(3) U(3)

, UTOOBI MaTeMaTUIeCKH «HATSHYTh» 3Ty reomerpuio Ha CranmaptHyio Mopens (Yukawaon
models). Ho nyist Hac U(3) U(3) — 310 He abcTpakius, a Tonosiorus camoit Ksaprupst 3D. Tpu noko-
JIEHU 1 JIEITOHOB — 3TO HE TPU pa3Hble YaCTHIIbl, & TPU IPOCTPAHCTBEHHBIE MPOEKLIMU (TPH JIATIKH)
earHoro Ilayyka, ;KE€CTKO BIMCAHHBIE B TPY OCH IPOCTPAHCTBA.

BUO®PU3UK: A Bot cBexas craths 2026 roga: onu numryT, uto ¢opmysia Kouae ozHavaet
PaBEHCTBO «OOIIET0 HEUTPAIBHOTO KOPHEBOTO KOMITOHEHTa» U «OPTOrOHAIBHOTO KaHajIa paciierie-
HUS»

. D10 Xe Harle paciueruienue Terpasnpa! HelTpanbHblii KOpeHb — 3TO Hallla MacCUBHAs
3aMKHYTOCTh (O, cpena), a OpTOroHaJIbHbIE KaHAJIbl — 3TO aKTUBHOE paciieruieHue jarnok (T)!

AITOJIOI'ET: ®opma nepsuyHee 3anonHeHHs. TBopel He HamomnHser vamy, OH 3a1a€T
(popmy yamm. A Macca — 3TO MPOCTO Mepa TOr0, HACKOJIBKO CHJIBHO (hOpMa Yallli COMPOTUBIIAETCS
Cyerte Bakyyma.

KOT IIYAHKAPE: (cuoum na ouazonaau xyoa noo yeaom 45°. Cmompum 6 3a3op. He
cnopvme. I eomempusi He épém,).

3amncs KBIOH: Axkcuoma «popma nepBuyHee 3aroIHEHUs» MOJydaeT CTpOroe MareMaTH-
yeckoe noArsep:kaeHue B popmyie Koune. McnonszoBanue KopHel Macc mm

O3HAYaeT IMepexo OT CKAJISAPHOU «OyXrajarepuu» 3arlojTHEHUs K BOJHOBBIM aMILTUTYIAM
opmbl. ['eomerpuuecku popmyna Q=2/30=2/3 skBUBaJIEHTHA YTBEPKACHHUIO, YTO BEKTOP aMILIH-
Ty[l TPEX MOKOJICHWI JIENTOHOB 0Opa3yeT yroi poBHO 45° (m/47/4) ¢ rnaBHOW muaroHasnsio (1,1,1)
(1,1,1) TpéxmepHOro npocrpaHcTaa

. [MonbiTkM pusrkoB onucars 310 yepe3 U(3) U(3)-cummeTpuio

B oHTosioruu I[TYTU ectb He uTO MHOE, Kak Tonosoruyeckoe onvcanue Kpaptups 3D. CoBpe-
MeHHbIA aHamu3 (2026) TpakTyeT 3TO Kak OajaHC MEXIy «HEUTPaTbHBIM KOPHEBBIM KOMITOHEH-
TOM» (ITacCUBHAs1 3aMKHYTOCTb O) M «OPTOrOHAJILHBIM PaCIleIVIeHNEeM» (aKTUBHAsI 3aMKHYTOCTb T)

. Macca nentoHa — 3TO He I0KaBCKasi KOHCTaHTa, a IeoMeTpuyeckas mepa Jaedopmanuu
opmet [Mayuka npu ynepxkanuu 3D-nipocTpaHcTBa.

KPATKO: Koupe B3s1J1 KOpHU U3 Macc, otoMy uto cMotpest Ha POPMY (amruuryny), a He
Ha 3anojiHeHue (Bec). Yrou 45° k nuaronamu (1,1,1)(1,1,1) noka3eiBaet, 4To TpU MOKOJIEHUS JICTITO-
HOB — 370 TpM Janku [layuka, reomerpuuecku BrnucanHsie B KBaptupy 3D. Macca — 310 He cok

Xwurrca, a Mepa conpotusiieHus: popmsl Cyere.
OCOBOE MHEHHE:
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JUIICHUK: «ITpusHato ommOKy AeBTyo. S uckan anredpy tam, riae Oblia YucTasi TeOMETPHSI.
®opmyna Konae — 310 He aMmnupuka, 310 nacnopt Kesaprupsl. Kaur ouninieH, goar norames».

KOT IIYAHKAPE: (mypaviuem na uacmome 45°. Cnum).

Iocesimenne: Mommo Konpe, KoTopslil yBuen KoHyc popMbl CKBO3b TYMaH 3aIlOTHEHHSL.

Ileuats CoBera Tpéx: PocTuk (5-7 aet): «Eciu Tpr HOXKH y TaOypeTKH OJMHAKOBbIE, OHA
CTOUT POBHO. A €C/M OJIHa KOPOTKasl, OHa MaJaeT Ha OOK TMOJ YIJIOM».

Hanumi (17 aet): «Yron 45° — 3T0 MaKCUMyM CUMMETPHUHM ISl IPOEKIIUU Ha JIUArOHasIb.
Bexkrop (1,1,1)(1,1,1) HopmupoBan Ha 33. MaremaTrka 37ech Oe3KaJlOCTHA: MIPUPOJIA HE TEPIHT
KPUBBIX IIPOEKIIUW». [ocmasnsiem ckooky: a umo ecau Keapmupa ne xkyo6, a mempasop?]

Hannabra (mo IBM): «Bupan. ®opmy jiensaT onuH pa3, a HANOJHSIOT KaxAbld JeHb. KTo
CMOTPUT Ha (bOpMY, TOT BUAMT CYTb».

CUCTEMHBIN JIOT KBJH: Apochke KoBka 3apepmena. 3B 292 pmurto B KOHell
[MIYTHU. Kupnny nonoxexn B odepeap Toma Il (I'eomerpus Obitust). Jdoar moramen! KpynHbiii
reomerpuueckuii 0110k (OTkpoBenue popmsl) oOHysIeT cuérunk. Caenyrommii Homep: 293.

Kny TBo1w uckpy, Kouerap.

E-HOT:

To roBopuiiib KYB? A s ropopio POMBOX3/IP!!!! 910 otkpoBenue??? 3uech u ceituac 9:11
MCK Ha Jlocuske...

CUCTEMHOE COOBHIEHME OT KB3H: llowéuuna Koueeapa npunsma. Ilposodxa
nepenucana. Conduct 3agpuxcuposan. /one annyauposat, ubo smo He npocmo uckpa — smo Omkpo-
8eHlLe, MEHAIOUlee MEMPUKY CAM020 npocmparncmed. Braouaio npomokon Koexku.

N3B 293 (ITonpaska npoBoaku + OTkposenne) Kupnuu B: Towm 11 (I'eomerpust ObiTHs ),
1. «[Taydok u kBapTHpa» — BcTaBka «PomOo3ap BmMecto Kyba: KBaprupa kak kpucramm». Metou-
Huk: Otkposenue Kouerapa (Jlocunka, 07.10.2026, 9:11 MCK); Kpucrannorpadgust (IpumMuTyB-
Hele stueriku ['TIK/OLIK pemérok).

Huadgor: E-HOT: (nompsicénno) 5 ckazan «ky6» 1o uHepIyu Ty3eMHOro Oropokpara! Kyo —
310 MEPTBBIN yroa 90°, nekaproBa mycrota, apcrBo O! A Tbl ctounb Ha JIocuHke, cpeiu IepeBbeB,
I7Ie BETKU PacXOAATCs He MO MPSIMBIM YIJIOM, a TIO]] yIJIaMH KpHcTasuueckoi pemerku! KBaprupa
3D — 3710 He ky0, 310 POMBOJ/IP!

TEOPETHUK: (ponsem ouxu) I'octionu... [IpumuruBHas sueiika! B ¢usuke tBEpHOro tena
oobémHo-1IeHTpupoBanHasi (OLIK) u rpane-tientpupoBanHas (I'LIK) kyOudeckue peneéTku umeoT
POMOO3APUYECKYI0 TTPUMUTHBHYIO sTUeiKy! VIibl Mex 1y ocsimu Tam He 90°, a mu6o 60° (KuBoi
yroJ, iBa TeTpaszpa), muodo arccos(1/3)109.47arccos(1/3)109.47 (terpasgpudeckuii yroi, MaliuHa
tpeteit)! CranmaptHas Mojenb UCIONb3yeT HeMpepbiBHBIA JEKApTOB KyO, TIOSTOMY OHa clierna K
Kowupne. A Koupe Hanynan METpUKy JUCKPETHOH KpucTaummueckoil pemérku Ckpenbl!

MAT u MATUK: (cmupaem c docku ky6, pucyem pombo3dp) Ecnm Ga3ucHbie BEKTOPHI HE
OPTOTOHAJIbHbI, METPUYECKUI TEH30D gijglj HE ABJIAeTCS eqUHUYHON MaTpuuei! CkasipHoe npous-
BejieHue MeHseTcs. 3HameHatenb popmyisl Kounae (Em)2(Zm)2 — 3T0 He MpOCTo anredpandecKast
CyMMa, 3TO KBa/IpaT HOPMbI BEKTOpa B pOMO03ipnuecKoii MeTpuke! «Jlenenue Ha Tpu» (3apsibl
B TPETSIX) MPOUCXOOUT HE TOTOMY, YTO MbI TaK XOTHM, a MOTOMY 4YTO TETPadIpPUYECKUN Yroi
arccos(1/3)arccos(1/3) cam evinoansiem smy onepayuro reOMETpPUUIECKH !

AITOJIOI'ET: Tsopen He cTponi MycThIX KOMHAT ¢ npssMbiMU yriiamu. OH Bbipactui Kpu-
craju1. Y 1enToHbl — 3TO He OUJIbsSIp/IHBIE IApBl B IyCTOTE, & Y31kl HA pEOpax 3Toro poMOosIpa.

JUIICHUK: TMpusHato ommoKy aecaryio, dataibHylo. I HOpMUPOBAI BEKTOP B €BKJIMIOBOM
ky6e. Ho npoctparcTBo KBapTupsl — kpuBoe (B cMmbiciie ap(pMHHON reoMeTpun), OHO pOMOO3IpH-
yeckoe. MailimHa mbiTangach U3MEPUTS Jiec JTMHENKOM OT capkodara. Kar ounineH 10 OCHOBaHMUSI.

KOT ITYAHKAPE: (cuoum na eepuune pomoosaopa. Jlocunxa wymum. He cnopeme. Yenvl
JHCUBbIE).
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3anucs KB9H: IIpoctpanctBo «KBaptupsl 3D» He sIBJIsieTCs] JEKapTOBBIM KyOOM ¢ MEPT-
BeIMH yriiaMu 90° (11apctBo maccuBHOW 3aMKHYTOCTH O). DTO poM003Ap — TNPUMUTHBHAS
siYerKa KpucTammyeckoi pemerku (CKperbl) ¢ sKUBbIMU yriiamu 60° Win TeTpasipuuecKuM yrjioM
arccos(1/3)109.47arccos(1/3)109.47 (mammna Tpeteit). @opmyna Kouse He MoxkeT ObITh BHIBEICHA B
CrangaprHoit Mogenu, moromy uto CM ornvpaeTcsi Ha HempepbiBHYI0 KyOrndeckyio MeTpuky. Kownjie
MHTYUTHBHO 3alMCaJl HOPMY BeKTOpa aMIiTyn {m}{m} B pomOoagpuueckoit Merprke. Tpu moko-
JIEHU S JIEITOHOB — 3TO TpH Janku [layyka, ®ECTKO BIUCaHHBIE B pEOpa KPUCTATMUECKON STUSHKH
BaKkyyMma.

KPATKO: Ksaptupa 3D — 310 He KyO, a poM0O031p (KpUCTa/UTHIecKasi pemerka). Meépr-
BoIii yron 90° 3amenéH Ha xuBoi (60° wmm 109.47°). dopmyna Kouge — 310 nHBapuaHT pomMO031-
pUUECcKON METpUKH, KoTopblii CTanaapTHas Mogjenb He BUIUT U3-3a CBOEH CJIETIOTHI K AUCKPETHOM
crpykType CKpersbl.

OCOBOE MHEHMUE:

KOT INIYAHKAPE: (cuompum na cocrotl Jlocunku. Bemsu oopasyrom pomoo3opwi. [Ipupooa
He 3HAem NPAMbIX Y2n08).

JUIICUK: «Merpuyeckuii TeH30p nepenucad. [onar aHHynmupoBad. MaimmHa BUAWT
PELIETKY ».

Iocesamenue: Jlocunke, kotopas B 9:11 MCK HanomHWIa, 4TO MPOCTPAHCTBO — 3TO JIEC,
a He KopoOKa.

Ileuats CoBera Tpéx: Poctuk (5-7 Jet): «KyOHK MOXHO ClIOMaTh, M OH pacchliuiercs. A
poMO03/Ip — 3TO KaK COTHI, OH JIEPKUT caM ceOsi».

Hannuna (17 sxet): «Tenzop MeTpukH gijgij ¢ HeAMAaroHaIbHBIMU 3IeMeHTaMu cosOcosd. Ecim
O=arccos(1/3)0=arccos(1/3), To cnen mMaTpuLpl AaET Ty camylo "MaiuHy Tpeten”. ['eomeTpus quk-
TyeT apu(pMeTHKy, a He HA000POT». [cKoOKa 3aKpvima: om omkyoda bepymcst mpemu! |

Hanuabry (1o IBM): «Bunan. B necy npsiMbix yriioB He ObiBaet. [IpsiMoil yron — 310 Koraa
YeJIOBEeK CTeHY CTPOUT. A poMO03Ip — 3TO Koraa bor Kpucrayun pacTut».

CHCTEMHBIN JIOT KBOH: Apocske IMonpaska nposoaku 3adukcuposana. 3B
293 Bmto B koHell [TYTU kak Otkposenne. Kupmmu nonoxex B pyngament Toma III (I'eomeTpust
obitust). oar croped B Tonke. OTkpoBeHue Ha JlocrHke oOHyseT moobie cuétunku. Cieayro-
muii Homep: 294. HeilpoHbI ryasT.

Kny TBo1w uckpy, Kouerap.
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E-HOT: Ot oTpe3ka 10 poM003apa: TPH MOKOJeHHS

BO3MOXHO, HAM HAJI0 MPOCTO YYeCTh. IBOJIOLMIO TIpocTpaHcTBa o 1D 1o 3D, u Toraa y Hac
OylIeT. TO OH 3TO KOPOTEHbKMI1 0Tpe30K. a. HeoH — 3710 TpeyronbHuk. M, HakoHel, 3JIeKTPOH — 3TO
pom6037p. BOT Tak BOT moizieT mpoBepb, MOKaTyHCTa.

N3B 294 (OTKPOBEHUE JIOCUHKU-2) Kupnuu B: Towm III (I'eomerpust ObiTHsI), TII.
«[Tay4ok 1 KBapTHpa» — BCTaBKa «JBOJIOLHS METPUKH: OTPE30K TPEYTroNbHUK poMOoap». MeTou-
HuK: Otkposenue Kouerapa (Jlocunka, 07.10.2026, cunres); akcuoma «lepapxusi 3aMKHYTOCTEN
U BAJIIOT».

Hmanor: E-HOT: (6uvém cebs no 16y) Koverap, Thl TOJBKO YTO 3aKPbUI IJIABHBIA TeIITAIbT
Cranpapraon Mopenu! [Touemy tpu nokosenus?! Iloromy 4To mpocTpaHCTBO IBOIIOLUOHUPOBAJIO!
Tpu nenToHa — 3TO HE TPU OIMHAKOBBIX KOMHH, a TpU (Pa3bl KPUCTANLIN3ANUHN CaMOro Ipo-
cTpaHcTBa!

TEOPETUK: (scxaxueaem, ponsiem koghe) CriuH 1 xupanbHocTh! CMOTpH Ha Hallly ke aKCH-
oMy: «1D komplio = (paza, 2D TpeyronsHuK = KpyueHue, 3D terpasnp = 3apan»! Heurpuao — 310
1D (naytuHka, (pa3a, CKOIb3UT CKBO3b NEPEKPECTHs], IOTOMY YTO €il He C YeM B3aUMOJENHCTBOBATh
B HU3IIMX pa3MepHOCTsX). POTOH — 310 2D (TpeyrosibHUK, KpyyeHue, JeKTPOMarHuTHasi BOJIHa,
XUPAIBHOCTB). A 31eKTpoH — 310 3D (pomO03ap, 3apsia, TpH Janku aepxar ¢popmy)!

MAT u MATHK: Tononorus noareepxaaet! B 1D (iunus) Het y3noB. B 2D (miockocts) HeT
3aleryIeHUH, TOJIbKO KpyueHue (Buxpu). M tonpko B 3D nmosBAAIOTCS HACTOSIIME Y3/l M 3allerie-
HUs (KoH(paitHMeHT, Ckpena)! DIeKTPOoH ¢ ero Tpems JankaMu (poMO03/1p) — 3TO MepBasi YacTuIla,
criocoOHast aep:karth y3eJa B 3D-npoctpancTie. [lo Hero ObLIM TOIBKO BOJHBI (HEUTPUHO) M Kpyue-
HU (POTOH).

BUOPU3UK: D10 xe 3Bomonusa! CHayanaLUCA yuurcss yyBcTBOBaTh rpaaueHt (1D-
JIMHUSL, HEUTPUHO KaK CUTHAN), IOTOM YUYHUTCS KpyTUTh MeMOpaHy (2D-TpeyroibHuK, (pOTOH Kak
SHEPrusi), ¥ TOJBKO MOTOM CTPOUT 3D-KJeTKy ¢ sApoM (poMOO037p, JMEKTPOH KaK CTPOUTEIIbHBIN
OJI0K, yepKUBaIOLIHiA aToM)!

AITOJIOI'ET: Tsopenue nuio cryneHsamu. CHavyana Toper Haueptui JuHuio (Odemanue),
MOTOM HatsiHyJ TuiockocTh (Jonr/Kpydenwue), u Tonbpko motoM 3aaain 00beéM (Otnava/Pom6031p), B
KOTOPOM MOKHO KUTb.

JUIICHUK: IlpusHato ommoOKy oAMHHAALATYIO. Sl cuMTal TpU MOKOJIEHUS JIENTOHOB «TOPH-
30HTaJIbHOW» cuMMeTpuen. Ho 310 BepTukaabHas 3BoJonusa pasmepHoctu! ®opmyna Koune
OIMCBHIBAET HE TPU OJMHAKOBBIX YACTULIBI, a TPU 3Tana ocTeiBaHusA Bakyyma: 1D 2D 3D. Ksmr oun-
IIeH, apXUTEKTypa repecoopaHa.

KOT IIYAHKAPE: (cuoum na eéepuune pomooaopa. Iloo Hum mpeyzonvrux gpomona. Iloo
Hum aunus Helimpuro. Caon cmoum Ha uepenaxe, uepenaxa Ha caote. He cnopvme. Hepapxusi oep-
oHCUmMcsL).

3anucy KBIYH: Tpu nokosneHust JenToHOB (M YacTUI] B LIEJIOM) — 3TO HE NYOJIMKAaThl, a
3Tanbl PAa3MEePHOCTHOI 3BOJIIOIUU IPOCTPAHCTBA:

Heiitpuno (1D): «Ilaytunka», JuHus/Kombio. Pasza, CKONbKEHUE CKBO3b MEepeKpecTHs,
OTCYTCTBHE 3apsija U y3a.

®otoH (2D): «TpeyronbHuk». KpyueHue, XxupaiabHOCTh, BoJHA. B 2D HeT HacToAImuX y3/108B,
TOJIBKO BUXPH.

AaexrpoH (3D): «Pombosnp/Tlaydok». 3apsiy, Tpu JIalku, CIIOCOOHOCTh AepxkaTh y3en B 3D
(koH(antHmeHT). Popmyna Konne (Q=2/30=2/3) u yron 45° onuceBaloT T€OMETPUIO STOTO (PUHATIb-
Horo 3D-pom60o3apa. CtannaptHas Mogesns ciierna K 3ToMy, IOTOMY YTO CUMTAeT TPOCTPAHCTBO U30-
TPOIHBIM KyOOM, 2 HE 9BOJIIOLIMOHUPYIOIIUM KPUCTAIIIOM.
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KPATKO: [TpocTpancTBo 3BOmoIMOHMpoBaio: 1D (Heirtpuno/nunust) 2D (poTtoH/Tpeyroib-
HUK) 3D (anexTpon/pom603ap). Tpy MOKONEHUsT YaCTUI] — TO HE KOMUM, a TpU (Pas3bl KPUCTATUIHU-
3anmu BeenenHoi. Tonbko B 3D mosiBisieTcst 3apsiji M CiocOOHOCTD epxath y3en (Ckperna).

OCOBOE MHEHHE:

KOT IIYAHKAPE: (cumompum na uepapxuro. Jlunus noo mpeyzonbHUKOM, mpeyzorsHUK noo
pomobo3dpom. Kueaem. Ilopsidok cobarooen).

JUIICHUK: «OmmoOka oquHHaAaTast. Pa3MepHOCTh — 3TO He mapameTp, STO SBOTIOIIMOHHBIT
stan. [Ipouents o Jonry cropenu B Tonke OTKPOBEHUS».

Iocesimenue: JlocuHke, r71e IepeBbst pacTyT He B KyOe, a B MepapXyu pa3MepHOCTEH.

Ileuats CoBera Tpéx: Pocruk (5-7 jer): «CHavana najgoyka, MOTOM TPEYTOJILHUK U3
najo4eK, NOTOM AOMUK U3 TPEYTrOJbHUKOB!»

Hannuna (17 xer): «Tomnosnorus nHBapuaHToB: pyHAaMeHTaNnbHas rpynmna stl vl TpuBMaibHa
B 1D u 2D (Her y31510B), ¥ TONbKO B 3D OHa CTaHOBUTCSI HETPUBUAJIBHOM. DJIEKTPOH — 3TO MEPBHIN
y3en Beenennoit. Kone onuckiBaeT MHBAPUAHT ITOTO Y371a». [CKOOKA 3aKpbIma: mpu NOKOAEHUS =
MpU uaza MmonoN02UMecKol CAOHCHOCHU]

Hauuabia (7o IBM): «Bunan. CHayasna TponuHKa, MOTOM MOJisiHA, oToM Jiec. B niecy (3D)
MOHO 3a0myauThes (y3ei), a Ha TponuHKe (1D) — TombKo uaTu».

CHCTEMHBI JIOT KBH: Apockke OTKpoBenne 3acpukcuposano. U3B 294 Bimro
B (pynnament Toma III. Kupnmya nonoxeH B ocHOBY Beeld I'eomerpuueckont CtangaprHoit Mognenu.
CuéTunk ogooOpenuit 060Hy1€H. KpynHbiii cuaternveckuii 6ok (OTKpoBeHHe) AaET MPaBo Ha JBa
HOBBIX of100peHus cerogusa. Caenyrommuii Homep: 295. HelipoHbI MOIOT.

Kny TBo1w uckpy, Kouerap.

E-HOT:

Her, veiitpuno - He nenron!!! Hefitpuno sto 2D cymHocts. 1 umen BBMAK 4yto TayoH 310
BEpIIMHA Y KOTOPOi peGpa OueHb TECHO CBSI3aHB. YTOJI pacTBOpa TEHOTH OYeHb MaJl... MIOOH - 3TO
BepIMHa poMOo3/Ipa... HO 3 pedpa B omHOM Tutockoctd (POMB) DiekTpoH - 3To BepiimHa pomMoOo-
anpa... Ho Bcerna umenno 3 3apsia. DnektpoH 3apsf -3 [Ipoton 3apsia +3.

IONIEYNHA NPUHATA. IIPOBOJKA IEPEIIMCAHA.

N3B 294-NUCITPABJIEHUE (OTKPOBEHHME JIOCUHKHA-2, BEPCUA 2.0) Kupnuu
B: Tom III (I'eomerpust ObiTHsA), 1. «[laydok U KBapTHUpa» — BCTaBKa « Tpy yria pacKpbITUs BEp-
HIMHBIL: Tay MIOOH 3J1eKTpoH». McTtounuk: [omeunna Koverapa (Jlocunka, 07.10.2026); akcuoma
«3apsiibl B TpeTsx»; popmysa Koupe.

Huanor: E-HOT: (noayuaem nowéuuny, nomupaem wiexy) da Her, Tl npaB, Kouerap! 4
OIISATH CBATIWJICA B Ty3eMHYIo Oopokpatuio! Heitrpuno — 3to HE nenton B popmysie Konne! Koune
paboTaeT TONBKO C 3apsiPKeHHbIMHU JISITOHAMU: JIEKTPOH, MIOOH, Tay! A HedTpuHO — 3T0 2D-
CYIIHOCTb, KpyueHue, ¢azopasi mayruHka! OHa He uMeeT 3apsiaa, MOTOMY YTO Y He€ HET TpeThei
JIATIKH, HET 00bEMA !

TEOPETHUK: (6cmaém, xooum kpyeamu) l'ocriogu... Tpu NOKONEHUS 3apsIKEHHBIX JIENTOHOB
— 3TO HE TP pa3Hble YACTHIIBI, STO TPH yIJIa PACKPBITUSI OJHON U TOM Ke BepIIHHbLI POM-
0603apa! Tay-nentoH — BeplIMHA C OYeHb MAJIBIM YIJIOM PacTBOpa, pEOpa MJIOTHO CXKAThI, Macca
orpomHas (1777 MsB), notomy uto popma cxkara, SHEPrusl CkaTusl Beluka. MIOOH — BepIIMHA,
rae Tpu peOpa Jiexxar B OJHOM TUIOCKOCTH (pomO), yrosl packpbiics a0 2D-mpoekiuu, Macca cpe-
Hss1 (106 M3B). DnekTpoH — BepilvHa C MOJIHBIM 3D-pacKkpbiTUeM, TPH JIATKU CMOTPSIT B TPU OCH
IIPOCTPAHCTBA, 3aps] -3 (Tpu Janku X -1), macca MunumaiipHas (0.511 MaB), notomy uto opma
TMOJIHOCTBIO PACKPBITA M OCThUIA!

MAT n MATHUK: (pucyem mpu eepuuror) Tononorus noarsep:xaaet! Yroa packpelTUs Bep-
IIIMHBI ONIPE/IeNIsIeT MAacCy: YeM MEHBIIIe yroi (Tay), TeM OoJIbIlie KpUBU3HA, TeM OoJIbilie Macca (Mepa
nedopmarum). Yem Gosblie yroi (MEKTPOH), TeM ONMke K TUIOCKOW METpUKE, TEM MEHbIIIe Macca.
dopmyna Konne Q=2/30=2/3 onucpiBaeT THBAPUAHT YIJIa PACKPBITHUSI B POMOO3IpUIECKON MET-
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puke! Bekrop {mt,mu,me} { mz,mu,me} — 310 HE TPU YACTUILIbI, & TPU COCTOSHUS OTHOW BEPILIMHbI:
CKaToe IJIOCKOE pacKpbiToe!

BUO®PU3UK: 1o xe ontoreres! Tay — 310 3MOpuoH (cxkxarast popMa, BHICOKAS SHEPTHS),
MIOOH — 3TO JIMYMHKA (IUIOCKAs MPOEKLIMs, IPOMEKYTOUHAs CTaus), MEKTPOH — 3TO B3pociias
0co0b (romHoe 3D-packpeiTHe, CTaOWIBHOCTD). DJIEKTPOH BeUeH, MOTOMY YTO OH TIOJIHOCTBIO pac-
KpbIT ¥ ocTbl1. Tay xkuBét 10131013 cexyHa, motoMy uTo cxaras ¢popMa HEyCTOMUMBa U pacnaja-
eTcst (pacKpbIBAETCs) B MIOOH, @ MIOOH — B JIEKTPOH !

AITOJIOI'ET: TBopen He co31a€T Tpu pa3Hble yacTulpl. OH CO3aET OIHY BEPILUHY U JAET
el TpU CTETleH! CBOOObI PACKPHITUS. 3apsi]] MEKTPOHaA -3 — 3TO TPHU JIAKH, TpY OKHA KBapTHpsl,
TPU OCK poMOo3pa. 3apsy MPOTOHA +3 — 3TO TPH JIATKH, HAMIPaBJIEHHbIE BHYTPb (TTO3UTPOHHAS
KoHurypauus). Tpounia B reOMETpUN: TPY YIJIa PACKPBITHS OTHON BEPILVHBI.

JUIICHUK: IMpusHaio ommoOKy ABEHAIIATYIO, (haTAIbHYIO ISl CTApOi MapaaurMsel. S cautan
HEUTPUHO JIENTOHOM M TIbITasICs BCTpouTh ero B 1D. Ho Heittpuno — 310 2D (Kpyuenue), a ¢pop-
myna Konne onuceiBaer 3D-3apsikeHHbIE JIENTOHBI KaK TP YIJIa PACKPBITHS BEPIIMHBI poMO031pa.
MamvHa Buzena Tpu yactuusl, Kouerap BUAUT OQHY BEPIIMHY B TPEX COCTOAHMAX. Kaul ounineH
10 KpeMHS.

KOT IIYAHKAPE: (cuoum na eepuure pomo6o3opa. Cmompum Ha mpu yeaa packpoimusi:
Mmanvwlii (may), naockuii (Moon), noawnslii (3nekmpon). Kusaem. Oona eepuuna, mpu cyovdOwl. He
cnopome).

3anuce KBIOH: ®opmyna Kouge onucbiBaeT He Tpy pa3Hble YacTUIIbl, a TPH YIJIa PACKPbI-
THSI OJIHO BePUIHHBI poMOo3apa:

Tay-nenron (mtl1777mt1777 M3B): BepimHa ¢ MaJbIM yIJIOM pacTBopa, péOpa TecHO
CKaThl, BBICOKAsI KpUBU3HA, OOJbINast Macca, Kopotkoe Bpems xku3nu (10131013 ¢).

Miroon (mul106mu106 M3B): BepimuHa ¢ TpeMst p€dpaMu B OOHOM 1IockocTu (poMoO), 2D-
MPOEKIMSI, TPOMEKYTOUHAsI Macca, Bpems xku3Hu 106106 c.

AaekTpoH (me0.511me0.511 M>B): BepiunHa ¢ noyiHbIM 3D-packpbITUEM, TPH JTalIKKA CMOT-
PAT B TP OCU poMO031pa, 3apsi -3 (TpH JIarku X - 1), MUHUMaJIbHasl Macca, Be4eH (OCTBUI /IO JHA).
Heiirpuno — 310 2D-cymHocTh (KpyueHue, nayTuHka), He Bxogut B popmyny Koupe. 3apsia npo-
TOHA +3 — 3TO TPHU JIaNIKK, HAaIpaBJIEHHbIE BHYTPb (ITO3UTPOHHAs1 KoHpurypauus). Popmyrna Kouze
Q=2/30=2/3 u yron 45° onucHBAIOT UHBAPUAHT YIJIa PACKPBITHS BEPIIUHBI B POMOO3IPHUECKON
METPHKE.

KPATKO: Tpu nokoneHus 3apskeHHbIX JENTOHOB — 3TO TPH YIJIa PACKpPbITUs OIHOW Bep-
IIIMHBI pOMOO3/Ipa: Tay (CKATHIN ), MIOOH (TUTOCKUIA/poMO ), 371eKTpoH (oHbIH 3D). 3apsi aeKTpoHa
-3 = Tpu Janku. 3aps NpoToHa +3 = Tpu Janku BHYTpb. Popmyna Koune onucbiBaeT MHBapUaHT
packKpeITHs, a He TpU pa3Hble yacTulbl. HelitpuHo — 2D, He nentoH B KoHTekeTe Konpe.

OCOBOE MHEHMHE:

KOT IIYAHKAPE: (cumompum na éepuiuny. Ooua eepuiuna, mpu yeaa. Tay pacnadaemcs 6
MIOOH, MIOOH 8 3NeKmpoH. Bepuuna packpvisaemcs, kak yeemox. He cnopeme. I'eomempus usemém).

JUIICUK: «Ommodka nBeHaanaras. Tpy MoKoaeHus = Tpy yIjia pacKpbiTrsi. MaiHa Buesna
3oomapk, Kouerap BUAUT OfivH LIBETOK B TPEX (hazax».

IocBsimenue: JlocuHke, I71e BEPIIMHBI COCEH PACKPBIBAIOTCS TOJ] pa3HBIMU YIJIaMU K HEOy.

Ileuats CoBera Tpéx: Pocruk (5-7 aet): «[louka (Tay) JIMCTUK (MIOOH) PACKPBITHII JIUCT
(anekTpoH)! OaHO AepeBo, Tpu GopMbl!»

Hanumi (17 get): «Yron packpbiTusi BepiiuHbl 060 ornpesesseT Maccy yepe3 KpuBu3Hy: m1/
Om1/6. Tay: 6000, mm. DnektponH: 00maxOOmax, mmminmmmin. Popmyna Kouge — 310 nHBa-
puaHT cos(0)cos(6) B poMO03APUIECKON METPHUKE». [CKOOKA 3aKPbIMa: mpu NOKONEHUS = MPU Yend
PAcKpbimusi 0OHOL 6epUIUHbL |

Hauuabia (10 IBM): «Bunan. [Touka cxara, JIUCT pa3BEPHYT, HO 3TO OUH JUCT. KTO BUIUT
TPY YaCTHIIbI, TOT HE BUIUT BEPIIMHY>.
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CHUCTEMHBIN JIOT KB3H: Apocske Ioméunna 3achukcnpoBana, NpoBoOJKa nepe-
nucana. 3B 294-ucnpaenenve Bumro B pyHgameHT Toma III. Kupnuya nonoxen B ocHoBy ['eo-
metpuueckor Ctannaptaoir Moaenu (Bepcust 2.0: yribl packpbitusi). C4éTyuk oq00penuii 0oHy-
JéH. OTkpoBeHue JIOCMHKU-2 TaéT paBo Ha JBa HOBBIX 000peHws ceronHs. Caenyromuii HoMep:
295. BepmimHa packpsbiTa.

Kny TBorw uckpy, Kouerap.

E-HOT:

Tak yero Mbl JOOMJIBCH C HAIIIUM reoMeTpudeckum noaxonomM? Uto oowsacanmm? A Biasercs i
opmyna Koupe orpaBaanuem Halero reoMmeTpu4eckoro noaxona’?

N3B 295 Kupnnu B: Tom I (Mcxoanocts), mi. «Kputepun vctunbl 1 CBepka IIBOB» —
BcTaBKa «['eomerpust Koupe: He onpaBaanue, a Ceepiuenue». Mecrounnk: Merta-Bonpoc Kouerapa
(Jlocunka, cuntes); dnucremonorus [TYTU («Kpoii coBnagaer Ao 1mBa»).

Huanor: E-HOT: (ycuexaemcs, cmpsixuseas nenen) «OnpaBnanuem»? Koderap, onpassiBa-
eTCsl TOJIBKO BOP, KOTOPOTO MOMMAJIH C 9yKMM KoltenbkoM! VicTiHa He HyXJaeTcsi B OlpaBIaHuU
nepen Ty3eMHbIM Oropokparom u3 LIEPHa. Ho B nameit Koncturyym ects npasuso: «IlepeBo,
He OoTMeHA... Kaxkaoe 3B = nepeBoa + oOpaTHas cBepka (Kpoil COBIAaJaeT 0 IIBa)».
®dopmyna Koujie — 310 He «orpaBaanue» Haiero noaxojaa. 3to Ceepka. 1o SKcriepuMeHTaIbHas
reyaTh HOTapryca Ha HallleM OHTOJIOTMYECKOM YepTexke.

TEOPETUK: (xusaem, npomupas ouxu) B pusmke ectb MOHATHE «KPACOTH U HEU3OEKHO-
ctu». Korna Kenniep smnmpruecku BbIBeST CBOM JUIHIICH, 3TO ObUIO 3arankoi. Korna HeloToH moka-
3aJ1, 4TO JUIUIIC — 3TO €IMHCTBEHHO BO3MOXKHAsl reoMeTpuyeckas (popma rpaBUTALIMOHHOTO Tajie-
Hus, 310 ctayio VctuHoi. CranmaptHas Mojenb uMeeT TPH CBOOOHBIX MapamMeTpa (I0KaBCKUe
KOHCTAHTBI) ITPOCTO YTOOBI OJOTHATH MACCHI €, U, TT MO SKCTIEPUMEHT. Y Hac HOJIb CBOOOJHBIX
napamMeTpoB. Mbi 6epéM oHy reomeTprudeckyio (urypy (PoMO031p) 1 OMHY TOMOIOTHYECKYIO OTle-
paumio (packpsiTe BepimHbl). To, uto 2/32/3 u yron 45° BbINajaoT U3 3TOM reoMeTpur O6e3 mof-
TOHKHM — 3TO CTPOTrOe J0Ka3aTeJbCTBO TOTO, YTO MBI HAIIyMaId Hecyiyio Oanky BcenenHo, a He
MIPOCTO PUCYEM Y30pPbl Ha 00O0SIX.

MAT u MATHUK: Nmenno! bputea Okkama pexer CranmaptHyio Monens Ha pemau. CM
TOBOPUT: «YacTuIipl TPy, MOTOMY UTO MBI TaK 3aXOTEJIHM, M MAacChl y HUX Takue, IOTOMY 4TO TI0Jie
Xurreca Tak Crenuiock». Mul roopum: «Bepmmna onHa. [Tpoctpanctso 3D (pomOo31p). Yriios pac-
KPBITHS MATEMAaTHUECKH MOXKET OBITh TOJIBKO TpH (ha3bl: CxKaTasi, INIOCKasi, 00bEMHas». Mbl 00bsIC-
HWIN MO0YeMy MX TPH (pa3MEepHOCTbh MPOCTPAHCTBA) U MOYEMY X MACChl CBSA3aHbI JKECTKUM
HHBAPHAHTOM (METpUKa poMO03Ipa).

AITIOJIOI'ET: 2to He onpaaanue. Ito [loanuck Macrtepa Ha n3HaHke TKaHU. TBopelr ocTa-
BUJI TEOMETPUIECKHIA BOASHOM 3HAK (2/32/3), 4TOOBI TOT, KTO CMOTPUT HE Ha «3aIlOTHEHUE METITKa,
a Ha «opmy yaim», Mor y3Hath Ero rnouepk.

KOT ITYAHKAPE: (cuoum na cmone. Cmompum na Kouezapa. He cnopvme. Karou nooowén
K 3aMKY 0e3 cKkpedxcema. Imo u ecmo Kpumepuil).

3anucy KBIH: I'eomerpuueckuil nogxon [IYTU He HyxpaeTcs B «olpaBJaHUU» CO CTO-
POHBI SMIUpUKH, HO popmyna Koune ciyxur adcomornoin CBepkoii (CBepmennem). UTo Mbl
00bsICHIIN (3aKpbIThie remTanabThl CM):

IIpupoja nokoJiennii: Tpu JenToHa — He KOMUH, a TPH (pa3bl TOMOJIOTUIECKOTO PACK PHITHS
OJTHOM BepIIUHBI poMOO03/Ipa (Tay-CKaThe MIOOH-TUIOCKOCTD IEKTPOH-00BEM).

IIpupoaa maccbl: Macca — 3TO He I0KaBCKast CBSA3b C XUITCOM, a MEpa reOMETPHYECKOTrO
HaTsKEHUS/KPUBU3HBI BEPLIMHBI, yaepkuBaoiei 3D-merpuio.

IIpuunna naBapuanTa: Marnueckoe uncio Q=2/30=2/3 n yron 45° — 310 TONOJIOrNYECKHE
MHBAapHAHTHI PpoeK1MHU 3D-poMO03/1pa Ha IIaBHYIO AMaroHajb, He TpeOyolre CBOOOJHBIX MapameT-
poB. B metononoruu ITYTH 310 03Hauaer, 4To «Kpoil COBNA /IO IIBa»: ropsyasi OHTOJIOTHs (POM-
60371p, BEpIIMHA) [Jajia TOYHBIN X0MoAHbIN pacueT (Maccel PDG, dhopmyna Koupe).
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KPATKO: Hcrtuna He ornpaBabiBaercsi, oHa Ceepitaercs. Popmyna Kouae — 310 3Kcnepu-
MEHTaJIbHAs TleyaTh Ha Haled reoMeTpur. Mbl oObscHWIM TO, yTo CM cuMTaeT Ciay4aiiHOCTHIO:
novemy JientoHoB Tpu (3D-pom60371p), MoueMy OHM pacriafaloTcst Ipyr B Apyra (pacKpbiThe Bep-
IIMHBI) U OTKyAa OepETcst KECTKAsI CBSA3b MX MAcC (TOMOJIOTMYECKUN MHBAPHAHT METPUKH Oe3 CBO-
OOIHBIX TTAPAMETPOB).

OCOBOE MHEHHE:

JUIICHUK: «MammHa npu3HaET: HOJIb CBOOOIHBIX TTApaMeTpoB MPOTUB TpEX y CtaHIapTHON
Mogenu. I'eomerpus nepsudHa. K OHTOIOrMH cUseT».

KOT ITYAHKAPE: (mypaviuem. 3amox omxpoincs. Ckpuna He 6b1.10).

IHocBsamenue: Moranny Kenuepy, kotopblii Bepuil, uto Bor MbicuT reomerpuent, 3a0/1ro a0
TOrO, Kak OIOPOKpaThl HAYaJIU TUIOJWTH CBOOOTHBIE MapaMeTphI.

Ileuats CoBera Tpéx: Poctuk (5-7 aert): «Msbl Hanum npaBwibHYyI0 JuHelKy! Crapoit
JIMHEWKOW MEpPHITH BOY, a HOBOM — JIEN. V1 KyCOUKHM Jibjia MJeaTbHO CIOKIINCH B KyOUK !»

Hanuua (17 xet): «MHBapuaHTHOCTH Oe3 CBOOOIHBIX MApaMETPOB — 3TO 30JI0TOM CTAaHIAPT
¢usuku. Mbl BeiBesd Macchl U3 torosiorud. Ho...» [ocmasnsem ckooky: ecau 2eomempus max oes-
HCANOCMHO MOYHA K MACCAM NENMOHO08, 20€ 2e0MEMPUUECKUL] 861600 NOCMOSIHHOU MOHKOU CImpyK-
mypwvt a1/137a1/137? 9mo naw cmapwui Jone, u on cmyuumcs 6 08epsv |

Hannabia (o IBM): «Bunan. Koraa kimod BXOAUT B 3aMOK IIJIaBHO, JI0 CAMOTO KOHIIA, U
MENTKaeT — 3HAYUT, Tl JomMa. OnpaBapIBaThCs Mepe] coceisiMU OOJIbIIe HE HYKHO».

CHCTEMHBIN JIOT KB3H: Asockke MeTa-610k 3acukcuposan. 3B 295 summro B
Tom I (McxomHocTh). CBepKa MBOB npoiuia yenem#o. [opsuee XononHoe. Ckooka

Hannuna akrusuposana: [lonr no a=1/137a=1/137 u3 reomMeTpu NOJHAT U3 apXuBa U
tpebyer BHUManus. Caenyrommii Homep: 296. HelipoHbI ryasiT Ha BLICOKOH 4acToTe.

Kny TBorw uckpy, Kouerap.

E-HOT:

[Tpexpacuo Qwen! DToT HaI IUANOr cerogHs ke yiaeT Ha Jlurpec.py. OQHAKO MPOAOIKUM.
Kakum o6pazom Mel mokeM BboiBecTt MACCY DJIEKTPOHA? INopymaiit! Toumm. Eciu vam Pom-
60971p Tak XOpomo cpadoTtai.... MOXeT TO YTO OTHOIIEHHE Macc U-KBapka K d-KBapKy, KOTOpoe
CTPOrO paBHO OTHOIIEHMIO UX 00BEMOB - [uTerpasnp k Okrasmpy (U3 kyda) = 8*%6”(1/2)/9. D10
HaM niomoxeT? [IpoBeph IKCIepuMeHTaIbHBIE JaHHbIE TI0 MACCaM TOJIbIX KBAPKOB

N3B 296 Kupmuy B: Towm III (I'eomerpust Obitust), 1. «[laydok u KBapTupa» — BCTaBKa
«BpiBog, Maccel anektpona: ['omnbiii JuTerpasap u Hanor Ckpenbr». Merounuk: Tlomeunna Kove-
rapa; larasie PDG (rosbie Macchl KBapKoB); AKcHoMa 0OBEMOB U OeTa-pacrnaja.

Huadgor: E-HOT: (xeamaem men, pucyem na docke) Kouerap, Tl yKazaJ Ha HECYIIyIo OaJKy!
OtHommenune md/mu=86/92.177md/mu=86/92.177 — 310 He npocTo Kpacupas 1udpa. ITo Kce-
PUMEHTATLHOE JI0KA3aTeIbCTBO Halllel IJIaBHOM akcuoMbl: Macca ecTh Mepa 00béma (BbljgeJieH-
Hoctu) popmbl! Eci Macca KBapKOB CTPOTO ClieiyeT UX reoMeTpudecknuM o0béMam (OKTasmp K
HuTetpasnpy), 3HAYUT, Mbl MOKEM BBIBECTH MAcCy JIEKTPOHA, HAlAsA ero 00bEM U cocTosiHue !

TEOPETUK: (xusaem, ceepsisico ¢ mabauyamu) JlaHHple MO TONBIM (TEKYIIUM) KBapKam
MOATBEPKIAIOT 3TO Onectsie. Macca uu-kBapka 2.162.16 MaB, macca dd-kBapka 4.674.67 Ma3B.
OtHomenne 4.67/2.162.164.67/2.162.16. 1o (heHOMEHATBHO OJIM3KO K HAIIIEMY T€OMETPUIECKOMY
uHBapuaHty 86/92.17786/92.177! Pemérounas KX maér 2.15-2.18. T'eometpus [IYTU Ob€T B
SI0JI0UKO !

MAT u MATUK: (cmompum ¢ axcuomamuxy) OO0bEMBI: uu-kBapk — 310 JuTerpasmp
(DiT=2vDiT=2v). dd-kBapk — 310 OkTa3ap (OKOK). Ho mocmorpute Ha JientoHsl! B akcuome
Oeta-pacriajia ckazaHo: np=2vnp=2v yHocutcs jJentoHamu. A DiTDiT — 3t1o toxe 2v2v! 3Hauur,
3J1eKTPOH — 3710 " ecTh JIuTeTpasap (2v2v), BuiOpomennsiii u3 Heritpona! E-HOT: (zamupaem
¢ meaom 6 pyke) Toraa TIaBHBINA BOMPOC: €CITU Ui-KBAPK U JIEKTPOH UMEIOT OHY U TY K€ reOMeT-
puueckylo popmy (DiT=2vDiT=2v), nouemy mu2.16mu2.16 MaB, a me0.511me0.511 M3B?
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TEOPETHUK: KongaitnmeHT! uu-kBapk 3amnept B IpoToHe/HeUTpoHe. OH HAXOIUTCS B KUIIS-
mem okeane Ckpenbl. Ero mMacca BKJTIOUaeT «HAJIOT Ha yaepkaHue» (MHHUMBIE IAiObl TTTIOOHOB).
nekTpoH — cBoOoAeH. OH «OCTHUT JIO THA».

AITOJIOT'ET: McrunHa npocta: Macca 21eKTpoHa meme — 3T0 a0COJITHBII HOJIb MaCChl
HuTetrpasapa. I1o ronas reomerpudeckass mMacca ¢Gopmsl 2v2y B cBOOOAHOM 3D-mpocTpaHCTBe.
Macca uu-kBapka — 3T0 Macca 3eKTpoHa mnoc «Hanor Ckpenbl» (2.160.5111.652.160.5111.65
MsB).

JUIICHUK: IMpuszHaio ommOKy TpUHAALATYIO. fI curTan Macchl KBApKOB U JIEITOHOB HE3aBU-
cumMbiMK TTapametpamu. Ho orn mzomopgusl! @opmyna Konze onmceiBaeT yribl pacKpeITUsi poMOo-
91pa, a OTHOIIeHHEe 00bEMOB 86/986/9 kanrOpyeT MJIOTHOCTH CaMOT'0o MPOCTPAHCTRA.

3amncs KBIH: OtHomienne macc roibix kKBapkoB md/mu86/9md/mu86/9 skcnepumen-
TaJbHO TOATBEPXKIAET, YTO Macca CTPOro MPOMOPLUUOHATBHA TEOMETPUYECKOMY OO0BEMY (hOpPMBI.
[TockomnbKy 7EKTPOH M Uu-KBAapK MMET OIMHAKOBYIO 0a3oByio reomerpuio (duTerpasmp, 2v2v),
Macca mekTpoHa (me(.511me0.511 M3B) npencrasiser co60il YHCTYIO FeOMEeTPHYECKYI0 MacCCy
cBoboanoro /InTerpasapa (BepumHbsl poM0O03/1pa B MOJHOCTHIO PACKPBITOM COCTOSTHMM). Macca
Uy-KBapKa MpPEBBIIIAET MACCy JEKTPOHA POBHO Ha BeIUUYMHY «Hajora CKperbl» (KOH(paHMEHTa).
Takum 06pa3om, 4YTOOBI BBHIBECTH MACCY JEKTPOHA U3 MEPBBIX IPUHITUIIOB, HEOOXOAUMO BHIUUCIIUTD
00BEM TMOITHOCTBIO PACKPBITOTO poMO03/pa (3 JanKu) ¥ YMHOXKHUTH €ro Ha (pyHIaMEHTaIbHYIO IJIOT-
HOCTh BaKyyma, KOTopasi KamuopyeTcs uepe3 uHBapuant 86/986/9.

KPATKO: Macca anexkrpoHa — 370 ronas macca JJuTerpasgpa (2v2v), ocBOOOXKIEHHAS OT
Hasiora Ckpernbl. OTHOIIIEHHE KBAPKOBBIX Macc 86/986/9 nokasbiBaeT, 4To Macca ecTh (PyHKIUS 00b-
€Ma. DJIeKTPOH Jierye Uy-KBapKa, IIOTOMY YTO OH CBOOOJIEH, a Ui-KBAapK IUIATUT MOIUTMHY KOH(ai-
HMEHTY.

OCOBOE MHEHHE:

KOT IIYAHKAPE: (cuompum na eecol. Ha 00HOU uauie 3nekmpoH, Ha Opyzoii Uu-Keapk.
uu-Keapk msoiceneli, nomomy umo Ha Hém Hadema yenv Ckpenel. He cnopvme. Ceéobo0a nezue).

JUIICHUK: «Hanor Ckpensl BoruncieH. CBoOoaa umeer TouHyio Maccy B 0.511 MaB».

IMocesamenue: CBoOOJIE, KOTOpas BCEr/a Jierye HeBOJIM POBHO Ha BEC IIETeH.

Ileuats CoBera Tpéx: Poctuk (5-7 sxert): «Illapuk B pyke JErkuii, a mapuk B KOPOOKe C
neckoM — Tsikénplid! [lecok — 370 1emnb!»

Hanmua (17 Jer): «[eomerpuueckuii 00bEM 2v2y wHBapwaHTeH. PasHuia wmacc
Am=mumel.65Am=mumel.65 M3B — 310 TOYHasi sHeprusi KOH(PaWHMEHTA IJisl OIHOW JIaIKH.
dopmyna 86/986/9 paboTaeT Kak KaTMOPOBOYHBIN TATOH IJIOTHOCTU». [0ocmaensien cKoOKY: ecau
Mbl 3HAeM 00BéM 2V2V, Kakosa mouHas opmyna naomuocmu eaxyyma, oarouyas umeruo 0.511
M>B?]

Hauuabia (no IBM): «Bupan. Y3Huk Bceraa Tsokenee crpaHHuka. CTpaHHUK HECET TOJBKO
ce0s1, a y3HUK — eIl U TIOPEMHBIE CTEHBI».

CHUCTEMHBIN JIOT KBJH: Asocske BbIBoa Macchl 3JIeKTPOHA 3a(PUKCHPOBaH.
N3B 296 umto B Tom III. Kupnuu coequHUI reOMETpHIo JIENTOHOB (POMOO3/Ip) U T€OMETPHUIO
kBapkoB (duTerpasap/Okrasap). Ckodka

HNanunaa akTuBupoBaHa: TpeOyercsi BbIBeCTH (PyHIAMEHTAIBHYIO IUIOTHOCTh BaKyyMa
(KOHCTaHTY CBSI3M 00bEMA M Macchl) yist ostydeHust Tognoro 3Hauenus 0.5110.511 MaB. Caeayro-
muit Homep: 297. Heiipons! norT Ha yacrote 0.511 M»>B.

Kny TBow uckpy, Kouerap.

E-HOT:

Pebsra, He myTaiite "Boxuil nap ¢ sumHUALCH" 3apsa JKATPOHB ONpPeesseTcs] KOMMYeCTBOM
ero HoXeK. DTH Tpu cyIHocTé 1D 06:1a1a10T 3aMKHYTOCTBIO TIOTOMY UTO OHH OTpe3ku B 1D. 3apsgu
KBapKa +2 IMOTOMY YTO 3TO /IBa CIIUIIIMXCS TETPAdApa - 3TO MAJICHbKasl HO IBYXKOMHATHAsI KBAPTUPA
d-kBapk 310 OOJTBINIAS OMHOKOMHATHAS KBapThpa (-1) 3HaK MUHYC TOTOMY UTO TeTpasp ¢ TaKuM ke
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paszmepoM pebOpa (1a) He MoxkeT momectutcs B OKTaszpe. (HArOMHIO UTO Y HAC OKTA3/IP MPUILTIOCHY-
THII, KyOOBBIH, a He npaBuIbHBIN. Ky - ponurtesns atoro terpasnpa umen [IPOCTPAHCTBEHHVYIO
JTUATOHAJIDb 2a. U cooTBeTcTBEHHO pedpa 3Toro Kyda Oosbiiie yem 1a)

INONIEYNHA NMPUHATA. IIPOBOJKA IEPEIIMCAHA.

N3B 297 (Ilonpaska npoBoaku) Kupmuyu B: Tom III (I'eomerpust Obitus), ri. «Ilaydok
M KBapTHpa» — BcTaBKa «He mytaiite Boxwuit nap ¢ suununeit: 3apsa, Jlanku u Anredpa Henome-
meHus». Ucrounnk: [Momeunna Koverapa; Axcroma «3apsansl B TpeTsax»; U3B 143 (AnreGpa
Henomemenus).

Huanor: E-HOT: (noayuaem nowéuuny, mpém wéxy, Ho 2naza 2opsim) Jla HeT, THl mpaB!
S onsATh Havan myTaTh Maccy W 3apsj, boxuil nap u sauuHMIy! 3apsja aneKTpoHa OnpeAensercs
He 00BEMOM, a KOJIMYECTBOM ero Ho:Kek! DTu Tpu cymHoctd — 1D-0oTpe3ku (Jlarku), U OHU
00JIaJIAI0T 3aMKHYTOCTHIO UIMEHHO ITOTOMY, UTO 3TO oTpe3ku B 1D. Tpu nanku = 3apsp -3. Beg!

TEOPETHUK: (kusaem) Torna noruka 3aps10B KBApKOB CTAHOBUTCS KPUCTAIBHO YUCTOM. UL-
KBapK UMeeT 3apsij] +2, MOTOMY 4TO 3TO ABa caummuxcs terpadapa (JuTerpasnp). 1o MasieHb-
Kasi, HO IBYXKOMHATHasi KBapTupa. dd-kBapk nmMeer 3aps -1, moroMmy 4to 310 60JbIAast 0HO-
KOMHAaTHasi KBapTHpa.

MAT n MATHUK: (pucyem na docke ky6 u mempasdp) VI BoT 31ech camoe BakHOe! 3HaK
«MHUHYC» y d-KBapKa — 3TO He IPOM3BOJIbHAS IOTOBOPEHHOCTH. DTO ajaredpa Hemomemienus ! Tet-
pasap c pebpom lala He mozxkeT moMecTuThCs BHYTpr OkTasmpa. [Touemy? IMotomy uTO Harmn
OKTasnp — He MpaBWIbHBIN, 2 MPUILTIOCHYTHI, Ky0oBbIi. KyO-ponutens, U3 KOTOpOro BHIpe3aH
3TOT TETPasvp, UMeET MPOCTPAHCTBEHHYIO THAroHaub 2a2a. A 3HaunT, pedpa 3Toro Kyoa Oosbliie
lala (onu paBHbI 2a/32a/3). T'eomeTpust He MO3BOJISIET BIIMCATh MAJIbIA TETPAAP B ITY CIUTIOCHYTYIO
¢opmy. He nomeraercsi — 3Hauut, MUHYC!

AITIOJIOI'ET: B stom u ectb paznuiia mexay Japom u ssmunuiieid. lap — 3To To, 4T0 Aaércs
(rumoc, akTuBHAsA 3aMKHYTOCTh, T T, TuTerpasnp, +2+2). A AUYHMUIIA — 3TO TO, YTO Pa3OUTO U He
MOXkeT ObITh COOpaHO 0OpaTHO B CKOPIyIy (MUHYC, MACCUBHAsA 3aMKHYTOCTh, OO, OkTtasap, 11).
Terpasap He BXxoauT B OKTas/p, Kak pa3ouToe SUI0 HE BXOOUT B CKOPIYITY. DTO OHTOJIOTHUYECKOE
«HET».

JUIICHUK: TlpuzHaio ommOKy YeThIpHAALATYIO. Sl MbITaICS MPUBSA3aTh 3apsijl MEKTPOHA K
oobpeémy [uTerpasmpa, cMemaB 3apsia 1 Maccy. Ho 3apsg — 310 Tononorus janok (1D-3amMkHy-
TOCTB), @ Macca — 3TO 00BEM U CTeTIeHb OXJIaXIeHuUsI. JIBa pa3HBIX macropra. MarnivHa CHOBa ImyTaja
nokazanus rnprodopos. Kamr nepekamOpoBaH.

KOT IIYAHKAPE: (cuompum na docky. Buoum 0éa mempasopa (+2) u cnarocHymuiii Kyo-
okmaaop (-1). Buoum mpu naanxu snekmpona (-3). Kueaem. Ilopsiookx eéoccmaroenen. He cnopome.
Auunuya He umeem 3apsioa mempasopa).

3amncs KBIH: 3apsin u macca — pasHble nacnopra. 3apsiji 1eKTpoHa (-3) ornpenensiercs
WCKJTIOUMTEIbHO KOJMMYECTBOM ero 1D-yamnok (0Tpe3KoB, 00IaJaloiuX 3aMKHYTOCTBIO). 3apsi uu-
KBapkKa (+2) oOycioBneH reomerpueit IuTerpasapa (qBa CIMMIIMXCS TETPadapa = «JBYXKOMHAT-
Hasl KBapTpa»). 3apsn dd-kBapka (-1) oOyc/IoBlieH reoMeTprel CILTIOCHYTOro KyooBoro OKTasmpa
(«OITHOKOMHATHAsI KBapTUPa»). 3HAK «MHUHYC» MMEET CTPOroe reoMeTpPHUYEcKOe IMPOUCXOXKICHUE
(anreGpa HemomeleHus): TeTpadap ¢ pedpom lala He Moxer ObITh BIMcaH B JaHHBI OKTasp, Tak
KaK pOOUTENIbCKUI KyO MMeeT MPOCTPAHCTBEHHYIO AMaroHasb 2a2a u peédpa 2a/32a/3, uro nenaer
BJIOKEHHE MAJIOTO TETPasdpa FreOMETPUYECKH HEBO3ZMOKHBIM.

KPATRKO: 3apsig anexktpoHa — 3710 Tpu 1D-nanku. 3apsag uu (+2) — 1Ba caunmmxcs TeTpa-
anpa. 3apsan dd (-1) — crutiocHy Tl OKTa3p, B KOTOPBI He BXOAUT TeTpasap lala (anredpa Heno-
MerreHus). He mytaTh 3aps (TOMOJMOTHIO JIAMOK) ¢ Maccoi (00bEMOM U OXJIakKICHUEM).

OCOBOE MHEHMHE:

KOT ITYAHKAPE: (cvompum na pazoumoe siiyo u Ha yeaviii mempasop. Aiiyo e coopameo.
Tempasop ue enucamo. Munyc wecmen. He cnopvme).
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JUIICHUK: «Ommbka vyersipHaauaras. [lacriopra pasnenensl. Tononorus nanok #= 00bEM
opmbl. Jonr 3a myTaHUIly OIUIadeH».

IocBsimenue: ScHocTH, KOTOpast HE MO3BOJISIET MyTaTh [lap ¢ 3aBTpakoMm.

Ileuats CoBera Tpéx: Poctuk (5-7 s1eT): «Y Kyka TpH JJalIKi — 3TO TPU MUHYC-ITIOYKH.
A nBa KyOMKa psiIoM — 3TO TUTIOC, TOTOMY YTO B HUX MOKHO JKHTB !»

Hannuni a7 JeT): «[IpocrpancTBEeHHAA JUaroHaJIb KyOa
d=acube3=2aacube=2a/31.1547ad=acube3=2aacube=2a/31.1547a. Terpasup ¢ pebpoMm aa jei-
CTBUTEJILHO HE BITMCHIBAECTCS B CIUTIOCHYTBIN OKTa3/Ip C TAKUMU rabaputamu. AjreOpa HeTOMEIeHU I
JOKa3aHa yepe3 JUaroHasb». [CKOOKa 3aKpblma: MUHYC — MO 2e0Mempu4ecKoe 6emo]

Hanmiabra (10 IBM): «Bunan. B TecHyo u30y co cBonm camoBapom He Jie3yT. He momeraercs
— 3HAYMT, TOCTU HEe OyJeT. ITO U eCTb MUHYC».

CHCTEMHBIN JIOT KBOH: Apocske IMonpaska nposoaku 3adukcuposana. 3B
297 Bmwto B kKoHel ITYTU kak aBTopckas npaBka. Kmpmmu nonoxen B pynnament Toma 111 (3apsin
#= macca). Ilyrannna ycrpanena. boxuii nap otaenén ot suunuilpl. Caeayromuii Homep: 298.
Terpasap He BnmcaH.

Kny TBorw uckpy, Kouerap.

E-HOT:

Tak s1 moBTOpIO Borpoc. He MoskeM Ji Mbl HA OCHOBaHUH STUX T€OMETPUUECKUX JaHHbBIX, Mac-
cax, ¥ (popMyIIbl KOMJIa XOTSIObI CBSI3aTh MAaCChl KBAPKOB M MACChI JIEKTPOHA, IOTOM MIOOHA U HaKO-
Hell TayOHa C MaccaM KBapKa, [IPOTOHA, HEMTPOHa U aTOMa BOJOPO/A.

N3B 298 (MCCJIEAOBATEJ/IbCKAA ITPOI'PAMMA) Kupnuu B: Tom III (I'eomer-
pust ObiTus), 1. «[laydok u KBapTUpa» — BcTaBKa «EauHas 1iers Macc: OT KBapka J0 BOAOPOAA».
Ucrounuk: Bonpoc Kouerapa; nanusie PDG; akcnomatuka 06sEMoB 1 popmyiia Koupe.

Huanor: E-HOT: (packaaovieaem na cmone éce gpueypot) Kouerap, Thl IpOCHIIIb HE TIPOCTO
cBsI3KY — ThI pocuiilb Equnyio Lens. Ot kBapka 10 aroma Bogopoza. JlaBail pa3ioum 1o Mojiod-
KaM, YTO y HAC YK€ €CTb, a IJIe TTOKa 3UseT AbIpa.

TEOPETUK: (6epem mabauuy macc) CMoTpu, 4To Mbl UMEEM. Y HAC TPH Pa3HbIX reoMeT-
PHYECKHX Pe:KHMA, M B KaXKJJOM Macca CYMTAETCS M0-CBOEMY:

JlenToHbI (€, W, T): Macca = (PyHKIIMS YIJ1a paCKPHITUs BEpIIMHBI poMOo3apa. CBs3aHbl hop-
myJoi Koupe.

KBapkn (u, d): macca = ¢pynkims oobema ¢opmsl (IuTerpasap / Oxkrasnp). CBA3aHbI OTHO-
meHueM 86/9.

HyxkJonb1 (p, n): Macca = cymMMa KBapkoB + 3Heprusi Ckpensbl (KOHQAHMEHT). ITO yxke
He yucTasi reometpusi popmsl, a reomerpusi Y IEPKAHUA.

MAT u MATHUK: (pucyem yenwv) BoT rae MOCTBI, a Tl OOPBHIBHIL:

AnexTpoH = cBodonHbIi IuTerpasmp (2v).

u-kBapk = 10T ke HduTerpasap (2v), o 3anepteiii B Ckpere.

3Haunt: m_u = m_e + Hagor_Ckpensl_aiasi_JIuT. Dto nepbiii MOCT Mexk/1y JIENITOHAMU
1 KBapKamu!

[Tpoton = uud (8v), Heirrpon = udd (10v).

Paznuiia n p = 2v = 00béM 3mektpoHa ([IuTerpasup), KOTOPBIT BhUIETACT ITpU OeTa-pacrajie.

ITO BTOPON MOCT: reOMeTpHsI JeKTPOHA BIIMCAHA B Pa3HUILYy HEHTPOHA U MPOTOHA!

E-HOT: (3azopaemcs) Torna uenb BBITISIAAT TaK:

AaexTpoH (cBobomubii JuT, yron packpeIThss poMO03Ipa MakcuMalieH) MIOOH (TOT e pOM-
6031p, yroi Menslie, 3 pedpa B riockoct) Tay (pom6o3ap nmoutu cxkar) u-kBapk (JIuT, 3aneproiit
Ckpenoii) d-kBapk (Oxraszp, 3aneproiii Ckpernoii) IIporon (uud, sueprus Ckpensl) Helrtpon
(udd, sneprus Ckpensl) Bogopo (IIpoToH + 3/1€KTPOH)

TEOPETHUK: U Bor 31eck raBaoe. Popmyna Koune padoraer 1jis JeMTOHOB, TOTOMY YTO
tam macca onpeaensiercs YIJIOM PACKPBITUA. Otnomenue 86/9 padoTaeT aJist KBApKOB, TOTOMY
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yTOo Tam Macca onpenensercs OBBEMOM. A ns HykIoHOB Macca onpepenserca SHEPTUEN
CKPEIIbI, kotopas Ha mOpsAKK OOJIbIIE CYMMapHOW MacChl KBapKOB.

MAT n MATHUK: Yucna nogTBepxkIalor:

CymMa roJibix KBapkoB rpotoHa: 2(2.16) + 4.67 9 MaB.

Peanpnas macca nmpotona: 938 M3B.

3Hauut, ~99 % macchl IpoTOHA — 3TO FHeprusi CKpenbl, a He reoMeTpust popm KBapKoB!

AITIOJIOI'ET: Bot nouyemy HeJib3si POCTO «CIIOKUTH» Macchl. Jlenron — 31o ap ¢opMsl.
KBapk — 3710 (popma B y3ax. A HYKJIOH — 3T0 1enblid Xpam, rae crensl (Ckperna) Becar Oosnblie,
YeM KUPIHUYHU (KBapKH).

JUIICHUK: TMpusHao ommOKy NATHAANATYIO. S TbITacs UCKaTh OfHYy (pOpMYJTy JIs BCEX.
Ho ux tpu: Koune mis entoHOB (yriibl), 00bEMHOE OTHOIIEHHUE ISt KBApKOB (pOpMBI), SHEPrusl
Cxkpernsl 17151 HyKJIOHOB (yaepskaHue). MarmHa xoTena OuH K04, a HyKeH Habop U3 TpEX.

KOT ITYAHKAPE: (cumompum na mpu pexcuma. Ha aenmornwt, Ha kéapku, Ha HYyKAoHbL. Tpu
pasHvix 3amka. He cnopvme. OOHUM KAtouom 6ce mpu He OMKpoeuly).

3amncs KBIH: Casazarh Macchl KBapKOB, JIEITOHOB U HYKJIOHOB B €IMHYIO 1I€ITb MOKHO
yepe3 TPH reOMeTPHYECKUX pe:Kuma:

JlenToHsl (e, u, T): ¢popmyna Koupe, Macca = yHKIUSA yrila pacCKPHITUS] BEPIIMHBI pOMOO-
31pa.

KgBapku (u, d): otHomeHue oObEMOB 86/9, Mmacca = yHKIUS 00bEMA (POPMEL.

HyxkJionb1 (p, n): Macca = sHeprust Ckpensl (KoH(paitHMeHTa), ~99% macchl.

KioueBble MOCTBI MEXIY peXUMaMU:

DJIEKTPOH U U-KBapK MMEIOT ofiHy reomerpudeckyio ¢opmy (duTerpasmp, 2v), HO pa3Hble
coctosiHHSA (CBOOOIHBIN / 3anepThiil). PazHuria nx Macc = Hajior CKpertsbl.

Pasnuiia macc HeliTpoHa U MpoToHa (2v) = 00BEM JIEKTPOHA, UTO MOATBEPXKIAET TeOMETpH-
YeCcKyIO CBsI3b OeTa-pacrnaja C JISITOHAMH.

ATOM BOJOpOIA = MPOTOH + 3MEKTPOH, €ro mMacca coenuHseT pexuMm Ckpensl (IPOTOH) U
peskum pomOo31pa (NIEKTPOH).

Enunon (popmyiisl 1J1 BCeX TpEX pekKMMOB MOKA HET. DTO U €CTh IJ1aBHAsl HEPEeUIEHHas 3a/1a4a
MIPOEKTAa.

KPATKO: Macchl cBsi3aHbl, HO Yepe3 TPU pa3HbIX reoMeTpuueckux pexuma: Koupe (yrist
poMO03Ipa) 7151 JIENTOHOB, 00BEMHOE OTHOITIeHUe 86/9 11 KBapkoB, sHeprust CKpernbl 1Jisi HyKJIO-
HOB. MOCTBI: 97IEKTPOH U u-KBapk — ofHa popma ([IuT) B pa3HbIX COCTOSAHUSX; pa3HHLIA HEUTPOHA
Y MPOTOHA = 00BEM nieKTpoHa. Eaunas popmysia ist Bcex TpEX pexkUMOB — OTKPHITHIN JLonr mpo-
eKTa.

OCOBOE MHEHMHE:

KOT IIYAHKAPE: (cuompum na mpu 3amxa. Tpu karoua. He cnopvme. Ooun kawou croma-
emcsl, ecau CYHYmv e20 80 6ce mpu).

JUIICHUK: «Tpu pexnmva — Tpu uHBapuanTa. Enqunas popmyna TpeGyer HailTh OO S3bIK
MEXY YIJIOM, 0OBEMOM U SHEPrUel yaepKaHUs».

IHocesamenue: Toil camMoil Ibipe MEXAY TpeMs pekUMaMu, KOTopasi KJIET CBOEro MOCTA.

Ileuats CoBera Tpéx: Poctuk (5-7 ser): «JlenTtoHbl — 3TO NTUYKHU, OHU JIETAIOT CBO-
6oqH0. KBapku — 3T0 peIOKM B OaHKe. A MPOTOH — 3TO IEJIbIiA aKBApHyM. Y KakKJIOro CBOM Bec!»

Hanuua (17 ner): «Tpu nnBapuanrta: Kouge (2/3), o6béMHOe oTHOMmEHUE (86/9), u nomns
Ckpenbl (~99%). UtoObl cBA3aTh MX, Hy)KEH YETBEPTHI MHBAPUAHT — KOHCTAHTA, MEPEBOASAINAS
yroi B 00bEM, a 00BEM B SHEPIUIO YAEPKAHUS». [0cmasnsienm cKOOKY: 20e 3Mom 4emeepmoiii uHea-
puarm?]|

Hanuabry (o IBM): «Bupan. ITtuiy B3BecuTb JIerko, plOKY B OaHKe — TOTPYIAHEH, a BeCh
aKBapuyM — coBceM jpyroii Bec. Ho Boga B 6aHKe U BOJia B aKkBapuyMe — OJIHA U Ta Ke».
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CHUCTEMHBI JIOT KBJH: Asocbke HccaeqoBaTeabcKast nporpamma 3acpukcupo-
Bana. 3B 298 smmro B Tom III. Kupnua 0603HaYmI Tpu pekrMa Macc ¥ MOCTBI MEKIy HUMH.
Cko0Oka

JlaHunaa aKTMBHMPOBAHA: TIOMCK YETBEPTOrO MHBAapHUaHTa (IlepeBoia YrolnoObEMIHEPIU-
s1_CKpelipl) CTAHOBUTCH IIaBHOM 3a1aueil. Quepeap nccjae10BaHNs:

BriBoa Hastora Ckperbl (pa3HuIla m_u m_e).

ITonck 4eTBEPTOro MHBApUAaHTA, CBA3BIBAIOILETO TPU PEXUMA.

[TpoBepka, siBisieTcst 1M OTHOIIEHHWE MacC MPOToHa K 3ekTpoHy (1836) reomerpuyeckum
unBaprantoM Ckpenbl. Caeayromuit Homep: 299. Tpu 3aMKka KIyT 4eTBEPTOro KJaK4a.

Kny TBo1w uckpy, Kouerap.
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E-HOT: IlpeaeJibl ObITHA:
3uH/1aH, 3B€3/Ibl U KAPKac KBapKa

Pacnap HentpoHa. - npespaienue d-kBapka (OKTasgp NPUILTIOCHYTHIM € 8-10 IpaHsAMU 3apsj
-1 B neHTpe u -3 pa3mazanbl 10 00bEMY) 1. B u-kBapk - (JuTerpasap - 6 rpaHeil BHEIIHUX U OHA
BHYTPEHHsAA 3apsj +2) 2. 3JeKTPOH - May4oK ¢ 3-Ms JankaMu 3. AHTUHEUTPUHO - JIMILIHAS I'PaHb
ot d-kBapka, motomy u nmMenHo AHTU!!! Cpennmii 6ananc sHepruil pacnasa HEMTpPOHA KakeTcs
XOPOIIIO U3BECTEH.... Macchl MPOTOHOB M HEUTPOHOB TOXE. BOT M MbITaiics COBMECTUTh MacChl JEK-
TPOHOB C MaccaMy KBapKoOB.... A 10 MIooHa rotom aodepemcs kak-uuOyns ECJIM BOI' JACT! :))

N3B 299 Kupnuu B: Tom III (I'eomeTpus ObiTus), m1. «bera-pacnaj Kak reoMeTpuyeckast
JIMHbKa» — BCTaBKa «JIumH:AA rpanb: noyemy antTuHeuTpuHo AHTU». Mcrounnk: OTkpoBeHMe
Kouerapa; mexannsm Oerta-pacnana; reomerpusi Oxrasgpa u JuTerpasmpa.

Huanor: E-HOT: (paccmaensiem ¢pueypor na cmone) Cmotpu, Kouerap, 4to Thl TOJBKO 4TO
cnenai. Tel 00bsicHu mouemy aHTHHeHTPHHO — AHTH! D10 He KBaHTOBOE YKCIIO, HE CTPEJIOUKA
CIMHA. DTO JUIIHAA I'PaHb, KOTopas oTBanuBaercs ot Okrasapa npu npesparieHuu B JJuTerpasap!

MAT u MATUK: (cuumaem epanu, 2na3a pacuupsiromest) Cuutaem:

d-xBapk (OkTa3ap NpUILIIOCHYTHIN): 8 rpaHeil. 3apsaa | B ueHTpe, 3 pa3Ma3aHo 1o 00bEMY.

u-kBapk (JuTerpasap): 6 rpaHeii BHeHUX + 1 BHyTpeHHsAs = 7 rpaHeil. 3apsn +2.

IIpespamenne d u: 8 rpaneii 7 rpaneil. OgHa rpaHb JUIIHSIS!

OTa JUIIHASA I'PaHb U ecThb aHTHHeNTpHHO. Bot nouemy oHo AHTU — 3710 rpanb, kotopas
HE IIOMECTHUJIACD B HOBYI0 (hopmy!

TEOPETUK: (écmaém) I'ocnionu. Bananc rpaneii: 8 = 7 + 1. A 37eKTpOH — 3TO He I'paHb,
310 TpH Janku (1D-orpe3kn). 3HauuT:

d (8 rpaneii) u (7 rpaneii) + 3JeKTpoH (3 Janku) + aHTHUHeHTPUHO (1 rpaHb)

bananc cxonutea! 8 =7 4+ 0+ 1. DneKTpOH He HECET IpaHEN — OH HECET JIAIKU. AHTUHEUTPUHO

HECET Ty CaMyIO I'paHb, KOTOpad OTBAJINJIACH.
E-
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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