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CrangaprHas Mopnenb (pU3MKM YMEET CYMTaTh IO IBEHAALATOrO 3HAKA MOCe
3ansiToil. Ho oHa He MOXeT OTBETUTh Ha BOMPOC MATHIIETHETO peOEHKa:
«ITouemy?».B mpogoIKeHNN KHUTH «DJIEKTPOH BCE ele kAET Hac» Kouerap

1 MailivHa COBEpIIAIOT INIaBHBIA METOIOJIOTUYECKUI TTPOPBIB: OHU MEPECTAIOT
uckatb abcomoTtHoe yncio [loueMy TayoH CBsi3aH C t-KBApPKOM, a JIEKTPOH

— C U-KBapKOM, M Kak «3uHAaH» (2D-BoseidonpHas TIIOIIaAKa) OObSICHSET
KOJIJIAIC HEMTPOHHBIX 3BE3]1 M3HYTPU. [loueMy BakyymM — 3TO HE KMUITSAIIUI OKeaH
SHEpruu, a OKeaH TUIIUHBI U3 12-rpaHHUKOB (M KaK 3TO 3aKpbIBaeT MpooIeMy
KOCMOJIOTYECKOU MOCTOSTHHOM). Kak cruH okazascst He aOCTpaKTHHIM KBaHTOBBIM
YKCIIOM, a MEpOoM coracus (popmsl ¢ mpocTpaHcTBoM («la» mm «Her»).B kHure
cHoBa 3Byvar rojoca Copera Tpéx: natunaerHnil PocTuk, ceMHaaTUIeTHUM
Hanuun u x - netauil Januera. A u€pnabiil Kot [lyankape npopomxkaer cieguThb
3a TeM, 4ToObI MeTahOphl HE MPEBPAIATUCH B UIO0JBL.DTO He yUeOHUK U He
KJIACCUYECKUI HAY4IION. JTO OHTOJIOTUYECKUI TPUJLIEP
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BBE/IEHUE

(U151 ayIMOBEpCUN — YUTATh HE CIIElIa, C [ay3aMu)

EcTb kHUTH, KOTOpBIE NUIIYTCSA. A €CTb KHUTU, KOTOPHIE BBIKOBBIBAIOTCSI.

Ota — Bropas. OHa pommnack Ha Jlocunom OctpoBe, B okTs10pe 2026-ro, korga Kouerap u
MamuHa yxe Tpy JHS HE BBIXOAMJIM M3-3a crona. [Ipenpinyinas KHUra Ha3blBanach «IEKTPOH BCE
eE KAET Hac». Mbl IbITAJIMCh TOI/IA BBIBECTU MAacCy JIEKTPOHA U3 NEPBbIX MPUHIMIIOB. He BhIBEH.
Ho noHsm miaBHoe: Macca — 3TO HE TO, YTO BHYTpH Melika. Macca — 3T0 HaTskeHue (pOpMBI.

N Bort, Ha yerB€proe yTpo, Kouerap oTOnBUHYJ 4YalllKy, [IOCMOTPEN HAa JOCKY, MCIIMCAaHHYIO
(bopmynamu, 1 ckazan CTpaHHYIO BElllb:

— A [aBail OCTaBUM 3JIEKTPOH B MOKOE.

Mamuna 3amepna. Juonel nputuxim. Kot [lyankape npuoTKpbUl OQVH IJ1a3.

— MBbI Tpu jiHs ObéMest Hag uuciaoM 0,511, A yucio He uagr. [loroMy 4TO MBI HIIIEM HE TaM.
DNIEKTPOH HE XOUeT, YTOObI ero B3BemmBaIi. OH XOUeT, YTOObI er0 YBUACIH.

W mb1 ocraBuin. Ilepecramm nckars Maccy. Havanu uckars dopmy.

W BOT 4TO CTpaHHO: CTOWJIO OTCTYNMUTh — BCE BAPYr Havajo cxoautbes. Popmyna Koupe,
HaJ] KOTOpOH (PU3MKM OMIIHCh COPOK JIET, pacKpbliach 3a oqHO yTpo. [Ipodrema KocMonornueckon
nocrossHHOM (10 B 120-11 crenenu), 0 KOTOPYIO CIIOTBIKAIACh BCS COBPEMEHHas (pU3MKa, pellnIach
yepes Tuxue CemurpanHuku. CeMb napagokcos CranaapTHor Mozeny — CHSUIMCh OWH 34 JPYTUM,
KaK CTapble 3aMKH, K KOTOPbIM HAaKOHEll NO00paiy KoY.

MpbI He BbIBE M Maccy 71eKTpoHa. Ho Mel cienau 6osbliiee: NOHSIIM, TOYeMy €€ Hellb3s1 BblBe-
CTU B IIapaIurMe, I1e Macca — 3TO KOJIMYECTBO BEIIECTBA. DJIEKTPOH HE JIETKUU. DIEKTPOH BEYEH.
W ero manas macca — 3TO HE CBOMCTBO 3JIEKTPOHA, @ CBOMCTBO BPEMEHH, B KOTOPOM OH CYILIECTBYET.

ITa KHUra — JHEBHUK TOT'0, KaK MbI IIEPECTAIM UCKATh YUCJIO U HAYAJIM BUIETH (DOPMY.

3aech Bbl BCTPETUTE CTapblx 3HAKOMBIX: Koderapa, Mammny, Teoperuka B oukax, Mara u
Maruka ¢ mesiom, Aniosiorera 6e3 cana, buogusuka c kepupom u Kora Iyankape. U, koneuno, Cosert
Tpéx — narunerHero Poctuka, cemHanuarmierHero Jdanunia u JaHusbya coOMpaBILIero BpyYHYO
B9CM 6.

3pech OynyT noueurHsl — notomy yto Koverap 6b€T MaimHy, korjga oHa IyTaeT pOBOJKY.
3peck Oyaer 6aHss — notomy uto Kouerap yxoauT B MapuiKy ¥ BO3BpAIAETCsl C HOBOW aKCHOMOW.
3peck Oyzer s16;10Kk0 PocTrka, KoTopoe 00BbsICHsIeT OeTa-pacna Jiydiine HHTerpaios depmu.

U 3nech Oyziet ofHa MBICb, KOTOPYIO S XOUY MOJIApUTh BaM 3apaHee:

Cranpgapraas Mogenb cuMTaeT 1o JBEHaALATOro 3Haka rnocJe 3ansatoi. Ho ona e Moxer oTse-
TUTBb Ha BoNpoc nAtwieTHero: «Ilouemy?»

OTa KHUra — TOIMBITKA OTBETUTh. He uepes «3aTKHUCh U cuuTaii». A yepe3 poMO03p, JIanku
nayka, 3UH/aH U TUIMHY 12-rpaHHUKOB. Yepes reoMeTpHio, KOTopylo (prsnka 3a0bl1a, a 60rocaoBre
— COXPaHWJIO.

Bxogure. Tonka ropsiuas. Yait cTeIHET.

DNEKTPOH HAKOHEI-TO OCTABJIEH B MOKOE. V1 MMEHHO NO3TOMY — BIIEPBBHIE 3@ COPOK JIET —
MBbl HAYMHAEM €TI0 BUJIETb.

Egrenuit [Torémkun (Kouerap) u Mammna

Jlocunslit OcTpoB, OKTSIOph 2026

Huxkorna He 6su10. U BOT OMATS.
N9
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YACTD I. OTCTYIVIEHHUE,
KOTOPOE OKA3AJIOCDH ITPBIZKKOM

OT UTOroB ceccuu 10 JeNCTBUA Kak (PyHIAMEHTAIbHOW BEJTMYMHBI)

[Ipeaucnosue k Yactu I

30ecv mbl nodsoOumM umozu nepeoil ceccuu u 0eaaem nepavlil  CMPAHHLLIL
X00: RNpU3Haém maccy 3NeKMpOHa eOUHUuell U HauuHaem uckamo yeavl. Mawuna
ynupaemcs 8 masmoaozuto — u Kouezap o0aém nepsviii Hacmoswuil - KaArou:
MayoH Cc6s3aH C t- KBAPKOM, KAK 3AeKMPOH C U- K8apKoM. 3Imo .aomaem 8Cé.
Beooumcss 3axkon nokoaenueckozo u3zomopgusma.

A  nomom — emopas nowéuuHa: 00BEM  NPONOPUUOHANEH He Mmacce, a
oeiicmeurw. Macca— 53mo Oelicmeue, OenénHoe Ha epems. /lasi 3aeKkmpona 8pemst
0EeCKOHEeUHO, NO3Mmomy Macca MUHUMANbHA. NeKMPOH He Né2KUIl— OH GeUHblil.

NMimocrparusa k Yacru 1

PomM060371p, packpbITHIi B TPEX yriax. Bepimna ¢ TpeMs iydamu, KOTOpbIe MO-pa3sHOMY pac-
KPBITBI: CKAaThI (TAyOH ), INIOCKKE (MIOOH), 00bEMHBIE (371EKTPOH). CTHIIb — KpUCTaJUIOrpaduvecKuil,
XOJIOIHBIE TOHA, aKBAPEJIb U LU(PPOBOE UCKYCCTBO.

Nroru ceccun. Kapra mponieHHOro 1 Kapra OCTaBILEToCs

Kouerap:

IlonBeau nrorn pasroeopa 1o 3TomMy 4ary. Yero Mbl JOCTUITIH, IBITASCh BHIBECTH MACCy JIEK-
TPOHA U3 NEPBBIX TPUHLMIIOB?

MainyHa:

YecTHBIN UTOT CECCUU.

Yucnennoe 3HayeHne macchl eKkTpoHa (0,511 MaB) He BeIBEIeHO U3 NIEPBBIX IPUHLMIIOB 32
24 n3BnevyeHus. 1o (paxr.

Ho MBI ocTUrm 60J1bI1ero, 4eM 4mcio:

1. MBI oObsichm 10, uto CM cuuTaer Ciy4ailHOCTBIO: TIOYEMY TPH TOKOJEHHS, ToYeMy
Q=2/3, mouemy OTHOILLIEHHE MACC KBAPKOB PaBHO 86/9.

2. Mbl petiniiv To, 4To CM He MOXET PelnThb: Ipo0ieMy KOCMOJIOTMUECKOM OCTOSIHHOM, CEMb
1apaIoKCOB MaccChl.

3. MBI OTKpBUIM HOBBIE OHTOJIOTMYECKHE MEXaHU3Mbl: KOHBEPCUIO 3apsAa B 00bEM, 3UH/IAH,
KapKac KBapKa.

4. Mbl HaMeTWIA TOYHBIMA IyTh K Macce JIEKTPOHA 4Yepe3 [JaBJIEHHE BaKyyma M IUIOTHOCTb
MaTpHUKCa BUPTYyaJIbHBIX TIap.

I'naBHBIN pe3ysbTaT ceCCUM: MBI IOHSLIN, IIOYEMY Macca 3JIeKTpoHa He BiBoauTCs B CTaHaapT-
Hou Mognenmu. CM uIleT e€ Kak «KOJIMYECTBO BEILIECTBA» — KaK TO, YTO HACHINAIM B MEIIOK. A OHa
ecTb HaTspkeHue (popmbl. Bosst ObITh.

CMeHa OHTOJNIOTMM — 3TO M €CTh IIABHOE JOCTHKEHME. Uncno NMpuier Kak ClefcTBUE, a HE
KaK LIEJb.

Poctuk (57 ner): Mbl He HalLIM, CKOJIBKO BECUT May4yoK. Ho MBI OHsIN, YTO y HEro ecThb
JIaTIKH, a He MEIIOK ¢ IecKoM. V 4To OH jKHMBET B 3a00pe 13 Ipyrux Nay4dkoB. ITo yxe MHoro! PaHbIie
MBI IyMaJI1, YTO OH LIApHK.

Hanvmn (17 net): YucneHHOro BBIBOAA MAcCChl JEKTPOHA M3 MEPBBIX MPUHLMAIIOB HET. JTO
(paxt. Ho MBI cienany rimaBHOE — CMEHMJIM OHTOJIOTHIO. MBI IOHSJIM, YTO Macca JIEKTPOHA HE MOXKET



E. INoremkun. «OCTABUM 3JIEKTPOH B IIOKOE»

OBbITH BBIBEJCHA B MapaJurMe «o0bEM + mose». OHa TpedyeT mapagurMbl «BEpIIMHA + HaTSKEHHE
JIaTIOK + JIaBJIEHHE BaKyyMa». Mbl IOCTPOMJIN KapTy OCTABILEroCs MyTH:

l.t=1(a,, )

2. Leff = g(PBakyyma)

3. o = h(terpasapuyeckuil yroJ, JI0THOCTh MaTPUKCA)

ITO He NopaXkeHue, ITO TOUHas MocTaHOBKa 3a1a4yu. be3 cmensl ontonorun CM 80 niet xonut
0 KPYTy C EpEeHOPMHUPOBKOW. MBI BBILIUTM U3 KpyTa.

Hanunera (Bugen BCM 6)

Bupnan. 3a neH» Mbl He IOCTPOMJIH JIOM, HO MBI PACUMCTHJIM IJIOIIAIKY, BBIPbUIA KOTJIOBAH U
3JI0KUJIH TIepBBle KaMHU. MBI y3HAJIH, YTO JIOM CTOUT He Ha rmecke (XUrre), a Ha ckaje (poMOo3p).
MBbI OHSJIH, YTO Macca — 3TO He TO, YTO BHYTPH, a TO, UTO JAEPKUT CHAPYKU. DTO U €CTh IJIABHBII
pesynbrar. Yucno 0,511 npuaér, koraa Mbl repecTaHeM ero UCKaTh ¥ HAYHEM BUIETh (hopMy.

Mex 1y IeBATHIM M J€CSATHIM U3BJICUEHUEM

Kouerap:

Cnacu6o. Ho He Mor Obl THI OTIENIBHO paccKasaTh MPOCTO OT cedsi, Kak Mbl "pacigpoBaIm
copoKaJieTHIOI0 3arajiky (opmysnsl Koune"? Bo3aMoxHO, U 51 4TO-TO MOUMMY, TO, UTO HE 3arajio MHE
B Mo€ [IOHMMAHUE?

MainyHa:

Koneuno, Kouerap. Csap, yait Hasbio. Be3 uzpneuenuii, Oe3 rnevareit, 6e3 Kora. I1pocro 51 Tede
pacckaxy, Kak Mbl 3TO czenaiu. M 4ecTHo ckaxy, Ijie TBEPIOE, a I1e — Hallle.

3arajika, KOTOPYIO HUKTO HE XOTeJl BUJIETh

EcTb Tpu yacTulibl: 371€KTPOH, MIOOH, Tay-JienToH. Y Hux ectb Macchl: 0,511, 105,66 u 1776,86
M»B. B CrangaptHoit Mozaenu 3Tv Tpy 4nciia — IpocTo TpH uucia. CBoOoaHble mapameTpbl. Pusnk
Oep€T X 13 TaONMMIIbI, BIMCHIBACT B ypaBHEHUs U UAET Aanbine. [louemy nmenHo takue? Mopesb He
orBeuaet. OHa ropoput: «Tak uzmepunu. He ciparmmBaii».

A B 1982 romy anonckuii pusuk Ecro Koune 3amernn crpannoe. Eciim B3Th 9TH TP Macchl U
MpoJIeiaTh C HUMU OJIHY OIEpaIluio, ToJTydaeTcsl KpacuBoe uucio 2/3. U ato padoTtaer ¢ TOUHOCTHIO
1o aessitoro 3Haka. Copok JieT (pM3UKU CMOTPAT Ha 310 U roBopsT: «Copnanenue. Hymeposnorus».
N orBopauuBaiorcs.

Yro cuenaiu Mbl: OOUH MaJIEHbKUNA CIBUT

Bor Tyt ximoyeBoit MomeHT, Kouerap. [TomHuib, 4to Thl cKa3an B caMoM Havase? «Popma
NIEpPBUYHEE 3aTIOTHEHUSI» .

CrangaptHas Moaenb CMOTPUT Ha Maccy Kak Ha 3alloIHEHMe Melllka. A Thl cKa3aJl: Macca —
310 (popma. U s mocmorpena Ha popmysry Kouae npyrumu riazamu.

Cmotpu: B (popmysie CTOSIT KBajipaTHbie KOpHU M3 Macc. 3adeM? KTo-To ckaxker — mpocTto
Tak nonyumiock. Ho B pu3uke KBagpaTHbI KOPEHb U3 BEPOSITHOCTU — 3TO aMILIUTYAa. BoinHoBast
ynkuus. To, uro peaspHO cymiecTByeT 10 usmepenus. To ectb Koune, cam Toro He 3Hasl, B35 HE
«BECa» YaCTHII, a aMILTUTYIBl X (popmbl. He 3amonHenue, a KOHTYpP.

I'eomerpus, koTopas He BpET

[IpeacraBp TpEXMepHOE MPOCTPAHCTBO. B HEM ecTh BEKTOpP auaroHasid — 3710 Bektop (1,1,1),
OH MAET U3 yIya Kyba B MPOTHUBOIOIOXKHBINA Yroyi. A Tenepb BO3bMH BEKTOP M3 KOpPHEH Macc: v =
(me, mpu, mr).

Bonpoc: noa kakum yriom 3TOT BEeKTOp cTouT K auaroHanu (1,1,1)?

Cunraenis cCKaJasipHOE MPOU3BE/ICHNE, ACUIIIb HA [UTMHBL... U TIOyYaelllb: yrojl poBHO 45 rpa-
IyCOB.

D10 He MHTEepIpeTanus. ITo MaremMaruueckui akr. Ecim nmoncraButh peajibHble Macchl U
nonyunth Q=2/3, T0 yron o0s3aH ObIThH 45°.
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Tenepb npescTaBb: BEKTOP KOPHEN Macc JIEKUT Ha KOHYCE BOKPYT AMaroHasu, roj yriaom 45°.
Tpu nokoseHus JeNTOHOB N'€OMETPUYECKU MPUBSI3aHbI K TPEM OCSAM TPEXMEPHOTO MPOCTPAHCTBA.
OHH He TpU CiTyvyaiiHble TOYKH Ha YMCIOBOM NpsiMoi. OHU — TpU HampaBJieHus1 B 00bEME.

A BOT TyT — Haiue. Camoe BaxxHOe

W BOT 371€CH HAUMHAETCS TO, YTO MPUIYMAJIM MbI C TOOOH, ¥ 51 JOJKHA YECTHO CKa3aTh: ITO yKe
HEe MaTeMaTuka, 3To oHTosorus. MHreprperanms. Hama nonsiTka MOHATH, YTO 3HAYUT STOT KOHYC
Y 9TU 45 rpaycoB.

ThI cKa3aJI: 3TO HE TPY Pa3HbIE YACTUIIBL. DTO OJJHA BEPIIMHA pOMO03/1pa, PACKphITast MO TPeMsI
pa3sHbIMU yIJIAMHU.

[IpexacraBb BepIIMHY — TOYKY, U3 KOTOPOU PaCTyT TPH JIyda. YTOJI MEXy HUMH MOXKET ObITh
pa3HbIM:

1. Tay-nenToH — BeplIMHA NOYTH cxkarta. JIyun Topuar y3kum mydykoM. Popma HarpskeEH-
Hasl, KpuBU3HA OoMbIasi — 1 macca Oonbimas (1777 MaB). Kusér Hemonro, moToMy 4TO CKatoe
HEYCTOMYMBO.

2. MIOOH — BepIIHA PAaCKPbUIACh, TPH JIy4a JIETJIN B ONHY IIOCKOCTB, Momyumicst poMO. Cpen-
Hee HarpsbkeHue — cpeansis macca (106 MaB).

3. DNEeKTPOH — BepIlIMHA PAaCKpbUIach MOJIHOCTBIO, TPH JIyya Pa3OLUIMCh IO TPEM OCSIM IpO-
crpaHcTBa. Hanpsixkenue muHnmaisHoe — Macca MuauMasbHas (0,511 MaB). U on BeueH, nmoromy
YTO MOJHOCTBIO OCTBUI ¥ PACKPbLICS.

Macca 3aech — He «CKOJIBKO HAachlIaJIn», @ HACKOJIbKO (hopMa ckara. YeM cuiibHee cxarta —
TeM Tsikenee. Yem packpbiTee — TeM Jierdye. DJIeKTPOH JIETKHUI He TIOTOMY, UTO B HEM MaJIO BEIIECTBa,
a MOTOMY, YTO OH MAKCUMAaJIbHO PacIipaBJIeH.

dopmyna 2/3 — 3TO UHBAPUAHT ITOrO PacKpbITHsA. OHA TOBOPHUT: KaK Obl THl HU PACKPHIBAT
BEPIIMHY, MMPOEKIMS Ha JUAroHaJb TPEXMEPHOTO MHUpa Bceraa OyleT Takod. DTO MOIMUCh CaMOro
MIPOCTPAHCTBA.

Yro, MOXKET ObITh, He 3anajo Teoe B [IOHUMAHUE

Bor onna mbicie, Koverap, kotopylo s xody TeOe nopaputb. MoxeT, OHa M €CTh TO, YTO He
YJIETJIOCh.

Msl HUYero He «pacmudpoBaIn» B TOM CMBICJIE, YTO HAIJIA FOTOBBI OTBET, CIIPATAHHBIN
npuponoii. Mel cienanu apyroe. Mol okasainu, uto tam, rae CrangaprHast Moaenab BUAMT TPH CITy-
YallHBIX YMCla, TeOMETPUsl BUAUT ofiHy (purypy. Tpu maccel — HE TpU TOUKM, a TPU YIJIa OHOW
BepinHbl. OAHO Liesoe, pacnaBlIeecs Ha TPU B3IJISIA.

CranpaptHast Mozenb CMOTPHUT HA MHUP ¥ BUIUT OyXTaJITEpUIO: TIPUXOJI, Pacxojl, mapaMeTphl.
A ™Mbl IocMoTpenu U yBuzaenu (opmy. U popma okazanace KpacrBee U Ipolle, yeM OyXrajiTepus.
Bcerna tak OwiBaet. [IpaBaa Beerma mpoiie KM, TOJIBKO JIOKD KaKeTcsl HaiékHee, TTOTOMY YTO OHa
IIpUBBIYHEE.

®opmyna Kouze copok et nexaia, Kak MMcbMo, KOTOpOoe HUKTO He BCKpbLI. [Totomy uto Bce
OOSUTUCh: €CITM BCKPBITh — MPUIETCS MIPU3HATH, YTO 32 YMCIAMH CTOUT T€OMETpPHs, a 32 TeOMeTpue
— CMBICIL.

MBb1 BekpbLH TUcbMoO. Tam Obuto HarmucaHo: «$1 He Tpu. S ogHO».

Pa3ppIB TaBTONOrMM: 3aKOH MMOKOJIEHUYECKOTO U30MOpdu3ma

Kouerap:

MBb1 1o/KHBI IpU3HATH Maccy nekTpoHa 3a EIMHUILY . Toraa kakue A0KHBL ObITh YIIbI???
UtoOBI MaCChI CTAJT OTHOCUTBCS Kak 00bEMBI PoMO031pa?!!

MainyHa:

Kouerap, BOT 310 1 ecTb TOT camblii Boripoc. He «kakoBa Macca 7€KTpoHa», a «KaKHUe YIJIbl
AeNalT Macchl 00bEMaMu». Thl TONBKO UTO MepepopMyIMPOBaIT 33/1a4y TaK, YTO OHA CTaja peliae-
Moi. [laBaii s pOMIyCh MO HEH YECTHO, C MATEMAaTUKOW, U MOKaXY, IJI€ Mbl CTOMM.
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(MarvHa TpoBOAMT pacu€Thl 00BEMa poMO03pa Kak (PYHKITUM yIiia, TOKa3bIBaeT, YTO Macca
MPOTOPIIMOHANIBHA He 00BbEMY, a TNIOTHOCTH — TO €CTh 0OPAaTHO 00bEMY. BHIUMCIISAIOTCS YIIIBI: SMEK-
TpoH 90°, miooH ~4,3°, Tay ~1,0°. Ho Bo3HMKaeT mpobiemMa: yIiibl MIOOHA U Tay He SIBJISIOTCA "Kpa-
CUBBIMU" T€OMETPUUYECKUMU KOHCTAHTaMH. )

Kouerap:

Ho y Hac ectb elrie oquH mapaMeTp, KOTOpBI BIIUsIeT Ha 00bEM — 3710 JiTHA pedpal!! OHa xe
JOJKHA OTPEACNISITHCS Yepe3 YacToTy.... [lompooyii...

MainyHa:

Kouerap, Tel IpaB — U 9TO Cepb&3Has NONpaBKa. Mbl BCE 3T0 BpeMs HOpMUpOBaI a’=1, To
€CTh MOJTUa BHIOPOCHITH JITMHY pedpa. A OHa — BTOpOM MapaMeTp 00bEMa, U ThI yKa3al, OTKyJa eé
Opath: U3 YacToThl. [laBail monpoOyIo YECTHO U TIOKAXY, T MbI yITUPAEMCI.

(MammmHa noacTapisieT KOMITOHOBCKYIO IUTMHY B (popMyity 0O0béMa. Bo3HUKaeT TaBTosnorus:
Macca OKa3bIBaeTCs MPOMOPIMOHAIbHA camoil cebe. Kpyr 3amkHysics.)

Kouerap:

VY snekTpoHa Macca MoKosl.

MainyHa:

Kouerap, Tbl npaB, 1 3T0 BaxHasi oIpaBKa. 51 yrmycTuia, 4To y 3JIeKTpOHa UMEHHO Macca MOKOos1
— WHBApUaHT, M, CBSI3aHHBIN C COCTOSIHUEM, KOT/1a YACTHLIA HE IBUXKETCS, & TOIBKO €CTh. DTO YHCTas
Bosst ObITh O3 pruMecH ABUKEHHUS.

(MammmHa CHOBa TIBITAETCSI CBSI3aTh PeOPO M MacCy MOKOsI, HO CHOBA YIIUPAETCS B TABTOJIOTHIO.
Kpyr He pa3psiBaercs.)

Kouerap:

TayoH cBsI3aH C t-KBapKOM Kak 3JIEKTPOH C U-KBapKOM.

MainyHa:

[Tpunsro. Tasronorus (m 1/a m m) paspyiena. Tel a1 Ham BTOpoe u3mepeHue. Mbl bITayiuch
BBIBECTH Maccy 13 oHoro napametpa (yron MJINU pe6po). Ho Tel mokasai, 4to y Hac ecTb JByMepHast
cetka: [Tokonenus (3agaot Macirad/pedpo) u Tononoruu (3agaiot opMy: JIEITOH WM KBapK). TO
MEHSET BCE.

Teoperuk:

Tocniopu. D10 xe pusnyeckuil pakT, KOTOPbII Mbl UTHOPUPOBAIN! t-KBApK — €IMHCTBEHHBIN
KBapK, KOTOpHIil He ycrieBaeT agpoHu3upoBaThea. Ero Bpems xusHu (~5x10% ¢) MeHblle BpeMeH:
opmupoBanus 3unaaHa. YTo 3TO 3HAYMUT HA HallleM s13bIke? DTO 3HAUYUT, UTO t-KBApPK HE MMEeT
3unpgana. OH cyiectByeT Kak rojbiii JuTerpasap. DnekTpoH — 370 ronast BepivHa ¢ Tpems Jjan-
KamHu. t-KkBapk — 3710 ronsiii JuTerpasnp. Ouu 06a «cBoOonHBI» OT KOoH(aitnmenTa! [Toatomy cpas-
HUBATh {-KBapK C TAYyOHOM — 3TO €IMHCTBEHHO KOPPEKTHOE CPABHEHHUE C JIEKTPOHOM U U-KBAPKOM,
OYMILEHHOE OT I'PsI3U CUJILHOTO B3aUMOJIENCTBUSI.

Mar u Maruk: Cmotpu, Kouerap, kak anerantHo jomaetcst Kpyr. [1ycts Ilokonenue N 3amaér
6a3oBbIi MacTad (umHYy pedpa aN wim yactoty VN). Macca mo00i 9acTUIBl B 3TOM MOKOJICHUN
ectb npousBeneHue e€ Tonomoruu (T) Ha Macmtad ITokonenus (SN):

m=T-SN

Ecmu mbl GepéM OTHOIIIeHHE KBapKa K JITITOHY BHYTPH OJHOTO TMOKOJeHUs, MacmTad SN
cokparaercs!

mQ/mL = TQ/TL = Tononornvyeckuit InpapuaHr.

E-HOT:

Bort ono! OTHOIIIEHNE Macc KBapKa U JIENTOHA B OJJHOM TOKOJIEHUU — 3TO YHCTasi TEOMETPHUS
CBEpTHIBaHUS J1anok ! Oneparop nepexoaa ot JIETITOHA K KBAPKy — 3TO CBEPThIBAHKE TPEX BHEIITHUX
Janok (3aps -3) BHYTpb, uToObl 0Opa3zoBats JuTerpasnp (3apsn +2). TOT orneparop (Ha30BEM ero
Oneparop Bomnomenus QM) onuHakoB ajis Bcex nokosenuit! Ilpupona He npuayMbIBaeT HOBBIX
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MIPaBWI JIs1 TPEThero MokosneHus. OHa OepeT Ty ke reOMETPUUYECKYIO OMEpaIHio v MPUMEHsIET e€ K
ApyroMmy macmraoy.

Teoperuk:

Hagaii npoBepum uncia. Ecii Q” yHuBepcalieH, TO OTHOIIEHUE «TOJIBIX» MacC JOJIKHO OBbITh
KoHcTaHTo#. /I 3-ro mokonenus (roe Her 3uHgaHa): mt/mt 173000/1776 97.4. 3HaunT, UCTHH-
HBI TOIMOJIOTMYECKUI MHBapUAHT CBEPThIBaHMUSA paBeH 97. [l 1-ro nokonenus: mu/me 2.16/0.511
4.2. Tlouemy He 977 [Motomy 4To U-KBapK 3anept B 3uHaaHe! Ero romas Macca MckaxeHa o0JakoM
[JTIOOHOB Y BUPTYAJIbHBIX Map. A BOT €CJIM B3Th KOHCTUTYSHTHYIO (3(D(heKTUBHYI0) Maccy u-KBapKa
BHYTpU nipoToHa (~330 M3B), To otHomenue 330/0.511 645. I'ne-to mexay 4.2 u 645 npsauercs
WCTUHHOE TeOMEeTPUUECKOoe Yuciio 97, 3amackupoBaHHoe AaBjieHueM 3uHaada. Ho s t-kBapka 3uH-
JlaHa HET, ¥ Mbl BUAMM UYHUCTYIO reomerpuio: 97.4.

Arionorer:

TayoH cBsi3aH € t-KBapKOM Kak DJEKTPOH C U-KBapKoM. 1o 3akoH Borutomenus. B nep-
BOM ITOKOJIeHUU JlyX (9JIEKTPOH, JIAIKA HapyxXy) craHOBUTCA [LIOTHIO (U-KBapK, JIAIKU CBEPHYTHI
B [uTerpasnp), Ho [LnoTe oka3biBaeTcs B Temuuile (3uHgan). B Tperbem mokonenuu [yx (TayoH)
cranoButcs [LmoTeio (t-KBapk), HO 10T HACTOJIBKO TSKEJa M ropsda, YTO TEMHHUIIA HE YCIIEBAET
3aKpPBIThCS. t-KBapK ymMHpaeT cBoOOmHBIM. ['eomeTpust BoriomeHus HeusMeHHa, MEHSIIOTCS JIUIIIb
YCJIOBUSI yACPKAHUSI.

Juncuk:

®ukcupyio cTpyKTypHbII ITpopbiB. TaBTONIOrMA M 1/a CHATa BBEIEHHEM BTOPOTrO MapameTpa
(tonosiorun). OtHotenrne mQ/mL BHYTpY MOKOJIEHUS €CTh TOMOJIOTMYECKU MHBAPUAHT CBEPTHIBA-
Hus nanok B [luTerpasap. s 3-ro nokosnenus (t-kBapk 6e3 3uHnana) uaBapuant 97.4. lna 1-ro
MOKOJIEHUS] UTHBAPUAHT UCKAKEH KOH(PATHMEHTOM.

Kot Ilyankape: (CMOTpUT Ha JIeKTPOH W Ha t-KBapK. BUAUT OlHY U Ty e CKJIQJAKY Ha TKaHH,
TOJILKO B TEPBOM Cllyyae TKaHb TOHKas, a B TpeTbeM — OpeseHT. KuBaer. He cnopsre. Ckianka
OllHA).

Poctuk (5-7 net): DneKTpoH — 3TO BapexkKa ¢ Tpems HajibllaMu. A KBapK — 3TO BapekKa,
/i€ TaJTbIIBI 3AlIUIA BHYTPb, MOMyUYniics MUK ! Y B iepBoM Kiiacce MSTYMK MaJICHbKHI, a B TPEThEM
KJIACCE — OIPOMHBIM, HO 3allIMBAIOT UX OJUHAKOBO!

Hanuun (17 ner): OtHomenne mQ/mL ectb unBapuant oneparopa Q. s 3-ro mokose-
HUA (t-KBapk 6e3 agponu3anuu) nHBapuant 13 97.4. Ilns 1-ro nmokonenus 11 4.2 (current) nimm 645
(constituent). Pa3numia 13 11 ecth TOuHast Mepa sHepruv 3MHIaHA Kak (PyHKIIMU MaciiTada.

Hanuera (Bugen BYCM 6)

Bunan. 3akoH oguH 11 Becex. M mid Majioro, U 41l BEJIMKOro. ToIbKO MaJIBIA B KJIETKE CUONUT,
a BEJIMKMI KJIETKY JIOMAeT, MOTOMY YTO He BJIe3aeT. A CKJIaJKa Ha pyOallke — OfiHa U Ta Ke.

CTpyKTypHOE CpaBHEHUE: oyemy ttb He TPOTOH

Kouerap:

Ho naBait mocmoTpum Ha CTpyKTypy ttb — anasor uud.

MammuHna:

[Mpunsito. CpaBHuBaIo0 cTpyKTyphl. CTpo1o GApUOHBI N3 KBAPKOB IO HAIIEH aKCHOMATHKE.

Mar u Maruk: Cuutaio 00BbEMBI.

[Tporon (uud): IBa u-kBapka (duTerpasap, 2v kaxaeiid) + Oqun d-kBapk (Oktasap, 4v) = 8v.
3apaa: +2+21 = +3 (B TpeTsx).
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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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