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MJIAAHA ®U3HUYAP o00jaBbyje 4iaHke U kpahe nomuce Koju mOo-
MpUHOCe Momnynapu3audju GU3uKe U CpOAHUX Hayka Mehy ydeHULMMa U
CBHMA KOje MHTepecy]y NpUpOaHE HayKe.
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4-36201, Beorpaj, ca obaBe3HOM Ha3HakoM ,,3a MJIAJ/I @U3NYAP”.

AKO HAPYVYUTE BHUIIE OJ1 20 TPUMEPAKA (KOMITJIETA) u 0Ona-
TOBpEMEHO U3BPILIUTE YIIJIaTy, 0Jo0paBaMo BaM pabart oa 10%.
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Ipyirso ¢pusudapa Cpbuje, 11080 3emyH, [Iperpesuna 118.

HabaBxa oBor U crapux Opojesa dyaconuca: Kmwuxapa ,,CTyIeHTCKHU Tpr”,
Beorpan, CtymeHTcku Tpr 6, (011 185-295); Kmwuxapa ,MCT I'ajuh”, beo-
rpan, HaponHor ¢poHTa 31, (011 642-870)

CBa 1paBa yMHO)XaBatbha, npeliTaMraparha v
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Cpbuje u ,Knyo HT™”.
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IHITA JE

KBAHTHA #M3MNKA N TEOMETPHUJA
Couacka xBaHTHaA CTama U reoMerpuja Mebuycose nospmune

Jb. u H.* Henemkosuh, *®usuuxn dakynrer, Beorpan

1. IIpoGaem poranuje y Mukpocsery

H OBEpEeHE KOJ€ CMO M3rpajMiy NPEMa CIOJbAllikheM CBETY JHeJiOM je
32CHOBAHO Ha CBECTH O €(pHUKACHO] OPMjEHTALM)M MOJ0XKaja HAIIer
TeJa y mpocTopy. Tauka OCJIOHIA Hallle CUIYDHOCTH 3aCHOBAHA je Ha
ocehajy a ce Mu mocJie jenHe myHe pomayuje BpahiaMo y IO4eTHO cTambe,

a TIaHOpaMa CHOJ/bALHEr CBETA MMOYMEbE Na Ce MOHABJbA IIPH 3aMOUHHAY
HOBE poTallyje.

Y oBoM TexcTy Mu fiemo BMmeTH Kako je oBa oumrienHa YUILEHULIR,
HCOHUEKMBAHO NOBENCHa y NUTame NpU IPEHOMenY yobHW4ajeHOr mojma
POTallMje ¥ MUKDPOCBET, KOjUM ce BaBH Xeanmmua gusuxa. IIpobiaem je yo-
YeH P AETABHUJUM CTYOWjaMa T3B. CRUMCKUT KEANMHUL CMARA MMKD O-

YECTHIIA, HU_]E. HpE,I[CTﬁEJL&j}’ HEKY BPCTY CTakha BHhHUXO0OBHUX IIEDMAaHEHTHHUX
pﬂTEJ.IHjE.r OKO COIICTBEHHX CcCa.

2. Knacuuse poranuje

Ila 6ucMo youmam cymTuny npobiema crmHa, pa3amorpuhieMo Hajupe
fTa C€ NPeNM3HO NoApa3yMeBa MOX yoOUYajeHUM, XKAGCUNKHUM Pomayujama
MaKDOCKOIICKMX TeJla ¥ OMaKaJHOM TPOAMMEH3MOHAIHOM IIPOCTOPY.

Ilo ocHOBHUX MHpOpMaIMja 0 MaTeMaTHUKO- JIOTUYKO] CTPYKTYPH IO-
JMa KJaCHYHUX pPoTaluja noja3umo Beh Ha Hmany yncTe reomerpuje. Iloc-

MaTpajMo, Ha NpPUMep, POTAllMjy BEKTOPa OA y paBHM npTexa (cia.la).

Ounrinenso, novetne koopauuare (z y) BpPXa BEKTOpa OA IpU pOTa-
IMjH 3a yrao 6 oko duxcHe Tauke O MeHAjy Ce Y 3aBUCHOCTH O BENMUMHE
OBOT yr.na PenatuBro jennocTaBHMM M3pauyHaBameMm ce oKa3yje na cy
,2HOoBe” koopauHate (2’,y') onmpeljene cienehum pejlaljaMa;

z' =cosfz+sinfy (1.a)

/

Yy = —sinfz+ cosby. (1.)



Cnuxa 1

[pumeTMO Aa K/BYYHY YJIOTY NpH NDENAcKy ca KoopmmHaTa (Z,y) Ha
(z',y') urpa caeneha nmpocTopHa IeMa KoepuuymjeHaTa y T M Y-

cos @ sina] . (2)

() = :
() —sinf cosf
OBakBa ypebhenHa Tabiuia Ha3uBa Ce MAMPUYR KAGCUNHUZ POMAYU)G, a
HaBelleHe KOehUIIM]jeHTEe Ha3MBaMO HheHUM eAeMeRMmUMa.

HapeneHe reoMeTpyjCKe UME€HUIE Ce€ HEMOCPENHO MOTy ynoTpeburu
NP ONACHBAILY 3a0KPEeTarha HEKOI MaKPOCKOICKOT Gu3MUKor 06JeKTa OKO
¢uxcHe oce 3a yrao #. Ha npumep, Tauka A Koja Ce HaJla3¥ Ha €KBATODPY
KpyTOT Teia JonTacTor obiauka (ci1.16) ToxoM 3a0KpeTama 3a yrao ¢ oxo
7-0Ce IPaBOYIJIOr KOOPAMHATHOT CHCTEMa MeHha BPEIHOCTH CBOJUX KOOP-
QMHATA YIpaBo y cariacHoctd ca popmynama (1a,6). IpyruMm peunma,
mMaTpuna porammje (2) npuMemeHa Ha IOCMATPaHO PU3MUKO Tesao nobuja
dM3MYKM CMMCao, Tj. Mpey3uMa yJory usBopa uHopmalmja O HPOMEHH
CTalba JIONTE MPH pOTalM]M.

OcuoBHO cBojcTBO MaTpuie R(f), koje je omnydyjyhe 3a Hallle nalbe
pa3maTpame, CacToju ce y cieneheM: 6pojHe BpeIHOCTH CBa YETUPH HbeHa
eJleMeHTa IOHaBJbA]y ce Iocje 3aoKpeTama 3a yrao § = 360°. ®Puamukm
ropopehu, mpu 3aoKpeTamy JIONTe 3a IIyH Kpyr oHa ce Bpaha y mpBo-
GUTHO CTaimbe. YNpaBO OBO CAaCBUM OYEKMBAHO CBOJCTBO MAaKPOCKOIICKMX
Tejla NOBEIEHO je y MUTalbe y Clyda]y CIIMHA MHUKPOUYECTHUA.

3. CouaCcka KBAHTHA CTalka

Ilojam cnuna (eHra. to spin—BPTETH) je YBeAEH y KBAHTHY QU3MKY NpHU
MOKyma]y [a Cce CXBaTe HeKe HeoUeKHBaHe eKCIIePUMMEHTAJIHE YMHbEHMIIE
0 CIEeKTpMMa 3pauerma arToma. AmMepuuku ¢usuuapu C. laymemur m II.
Y nenbexk cy 1925. ronvHe youuam Ha ce Hexe O NOOMjEHUX eKCIIepHMeH-
TaJHUX YHE€HUIA MOr'y NMPOTYMAaYUTHA aKoO Ce NMPETNOCTaBy Aa €JIEeKTPOHHU
HE POTHPa]y CaMO OKO aTOMCKOT je3rpa Hero ¥ OKo COIICTBEHMX oca. Kac-
HUje je mpuMehieHo Aa ce Yy OBAKBMM CIIMHCKMM KBaHTHUM CTamUMa HaJia3e
¥ MHOT'€ ApYre YecTule Koje crnanajy y rpyny T3B. pepmuona (Ha npumep,
POTOHM MJIM HEYTPOHH). | |

Ila cIMH eleKTpPOHAa YOIINTE He IpelCcTaB/ba POTALM]Y Y KIACHUYHOM
CMHCJY, YOUEHO j& CKOPO HEMMOCPEAHO Mociie YBo hera OBOr IIojMa Y KBaHT-
Hy ¢nsuky. HauMe, MaKo Cy ce CIIMHCKa CTakha MOIJIa KapaKTepucaTH Mo-

_-}. L] * L ]
MeHmom umnyaca Ly, KOJUM Ce ONKCY]Y U KJIACHUYHE POTallje MaKPOCKOII-

CKMX Teja, UCIIOCTABMJO Cce Ja KoMmoHeHTe L,;, L,, v L,, BexkTOopa -L_:
HeMajy OHe BPEeOHOCTHM KOj€ C€ OUeKy]y Ha OCHOBY IIpeTIIOCTaBKe Ma je
€JIEKTPOH MaJia HaeJIEKTPUCaHa KyrJiHla KOjJa POTHPa OKO COICTBEHE OCe.
Ha Taj HauMH N0jaBMO ce€ BPJIO KOMILJIMKOBAH mpobneM: Kako Hahu anmek-
BaTaH OIMC CIIMHCKUX CTaka KOJU OM YKIbYy4YHO pejieBaHTHE eKCllepHMeH-
TaJIHE YMIbEHMIIE M ¥ MCTO BpeMe MCKIbY4YMO IPOTUBYPEYHOCTH A0 KOJUX
JOBOAY IPHMeEHa I0JMa KIACUYHHMX POTalM)a.

IIpBo pememe oBor npobaema Hamrao je 1927. rommure B. Ilaymm,
jenaH o OCHMBaya KBaHTHe pusmke. [laynmjes mocTynak je CaCBUM y AYXY
KBAaHTHOMEXAHMUYKOT OMMCUBAaha TPAHCIATOPHOT KPeTaka MHUKPOYECTHIA,
nomohy T3B. Tanacue pynximje ¥(7,1) uuju je kpaapart moayna |¥|? jemnax
BEpOBAaTHO M HaJla)Kema YeCTHUIlEe Y AaT0] TauKM nmpocropa. Haume, na om
OIMCa0 U CIMHCKO CTalhe eJIEKTPOHa, [layiau yBoaM NONMYHCKY OYHKUM]Y @
Koja ce JlaHaC Ha3uBa cnunopom. OBa BeJIWUMHA HE 3aBUCH OJ( IPOCTOPHUX

¥1

¥2
w1 1 2. TuMe ce oaycraje oa yobuuajeHor mojMa poTaumje, a 6pojeBu

1 ¥ 3 pey3uMajy yJiory KoopauHaTa u3 jenHauuHe (1.a,6).

KOOPpJAMHATa, HEro NMpeacTaBiba ypeheHu map [ ] KOMILJIEKCHMX OpojeBa

HGKH.E)TjE Ce Ja C€ KaPDAKTEPDHUCTHKE OBaAKO KOHCTDYHCaAHOI' CIIMHODa -

@, CJIUYHC KOOpAMHATaMa BpXa BEKTOpa OA ca ciuke l.a, Mewma)y npu
3a0KpeTalhy eJeKTPOHa 3a yrao § oko mpou3BoJbHE OCe KOja NpoJa3y Kpo3

¥1

meroso cpemuiure. HauMe, nmoyeTHO CIMHCKO cTame ¢ = #
2

] TpaHC-



4

/
i}], IpU 4YEMY je OBa INPOMEHa
2

OMMCaHa T3B. MAMPUYOM pomayuje CnuHopa:

¢opmucahe ce y HOBo cTame ¢’ = [

(3)

cos? isinl
X0 Byt MW §

—151n ] Cos 5

rae je 1 = v/—1. OcHoBHa pa3muka usmeby (2) u (3) je y Tome mro R(F)
3aBucu on 8, a R,(0) on §/2. N3 oBe ocobune maTpuune R, caem na ce
eneKTpoH He Bpaha y cBoje npBo6UTHO cTame MocJje 3a0KpeTama 3a 360°
Hero TeK Iocje ABa NyHa o6pTa, Tj. mocie poraumje 3a 2 - 360° = 720°!
Ilobujenu 3aK/by4dak je y oTpoj NPOTUBYPEYHOCTH Ca HAIIOM MHTYHIHM) OM

0 MPOCTOPY ¥ POTALMJH.
4. Cnur 1 reoMerpuja MebuycoBe NOBpIIMHE

[TapanmokcanHa CBOjCTBa CIMHA ¥ HErOB OJHOC NpeMa KIaCHUYHO] po-
TalMj¥ MOCTAJHM Cy NpeaMeT deTa/bHuX aHaau3a (Belier 6poja Teopujckux
du3MYapa) TeK IMe3HeceTHX U CeJaMIeceTHX rojvHa osor Beka. OBaj Ite-
PHOJ Ce KapaKTepHUIlle MHTEH3UBHOM yNIOTPe6oM HOBHX NOJMOBA MPEY3€TUX
u3 monoaozuje, 061aCTU cCaBpeMeHe MaTEMaTUKe KOja je HacTaJlla paJuKaJl-
HUM YOIINITaBalkeM TPaIUIMOHAJHE reoMeTpHje.

WcnocTaBuiio ce Aa ce CIOMH MOXe€ OMMCaTH moMohy BpJo creum-
¢puuHMX cBojcTaBa T3B. Mebuycose' nospwune (ci.2m), koja HacTaje MpH
jeaHOM Ol Ba OCHOBHA HAUMHA , CleN/buBaka” crpanviia AD u BC npaso-
yraoHe nospmube ABCD (cn.2a). IlpuMernMo na ce IMMIMHAPUYHA MOBP-
mvHa (ci1.26) nobuja AMPEKTHUM CaBHMjameM NMpaBoyraoHe Tpake, JOK ce
10 Me6uycose moBpmuHe A0N1a3U Tako mTo ce cTpanuna BC Hajupe yBpHE
3a 180°, ma ce 3aTuM cienu ca crpanuioM AD. Beoma je BaXHO youMTH
a UMIMHAPUYHA [OBPIIMHA MMa 0ge CTpaHe (Crojballlby — Ha MpUMeD,
IpBEHY ¥ YHYTpalliby — Ha IpUMep, 1aBy), NoK MebuycoBa Tpaka UMa,
caMo jedny cTpaHy (3a meHO KoMIUleTHO Gojeme H0BOJbHA je jemHa Gojal).

Osa pasimxa y 6pojy CTpaHa OAMPEKTHO Ce OJpaykaBa M Ha ITOHAIIAME
HEKOT BEKTOpa t Koju ce NapaJiesiHo noMepa AYX CpeIMIIHKX JIMHU]}3 HaBe-
AeHuX moBpimmHa (ci.2a,6). OunrienHo, knacuyune poTalMje Cy aHaJOTHE
oMepany Berr.'rﬂpa.t no uaueEApy (ca.26), momTo ra renmmpnjcxa CTPYK-
Typa OBaKBe MOBpIUMHE Bpaha y MOUYeTHO CTame ucme opujenmayuje mocie
potammje 3a 360°. MebyTum, BexTOpy ! KOJM KIM3HM MO Mebuycogo] mo-
ppumuy (ci.2u) norpeban je AsocTpyku ob6pr oA 720° na 6u KoMnaeTHO

1 A. F. Mdbius (1790 — 1868), HEeMaUKM MATEMATHYAD U ACTPOHOM, jeNaH ON OCHMUBAYA

BUIIeAMMEH3MOHAMHE recMeTpuje M Tononoruje (npumenba ypenuuxa).

a)

Cauxa 2

06HOBMO CBOj€ MOYETHO CTakbe, IITO jJe YIIPaBO €KBUBAJEHTHO IOHAIakhy
EJIEKTPOHCKOT CITMHODA . XMUIIOTETUYHOM 6Mhy Koje XKUBU y TOMOJIOMIKOM
BpTaOry MebuycoBe MOBpIUMHE, a KOje NMpEy3uMa YJIOTY BEKTODpa i, Huje
N03BOJHEHO Ja IM0jaM NPOCTOPHE OpHMJEHTallM]e MoBeXKe ca yobudajeHoM
portamujom 3a 360°. ,Ilyn kpyr” 3a mera mma 720°: Tek mpu OBaAKBO]
pPOTallM]¥ OHO WITO j€ Ha MOYeTKYy obuiacKa mweroBor cBera 6uio ,rope”
M ,,J0oje”, ,AeBO” M ,,JECHO” , OCTaje TO U Halhe.

PU3UYUKK CMMCAO M3JIOKEHE TOMOJIOUIKE aHaJW3€e CIMHA CBOAM CE Ha
3aK/by4YaK Ja KJacu4yHa poTalldja HUje jeauHo Moryha dopma poTaumje
¢u3nukux objekaTa, HUTU Oa CTPYKTYpa NPOCTOpa Koja ce MaHUPeCTy]e
npu yobuuajeHuM poTanujamMa Mopa Ouru IEroBa jearHo Moryha cTpyk-
Typa. Y peruoHuMMa MHUKPOCBETa pela BeJIWYWHE poTUpajyhux yectuna
CJI0)eBU IIPOCTOpa Mory nobutn ¢opme Ha Koje Hama yobudajeHa Tre-
OMETPU]CKa MHTYHUIIM]a HM]€ HABUKJIA, aJU YyHh]e ce MaHudecTalmje MOTY
PErHCTPOBATH M y HamleM cBeTy. Y jemHoMm ox cienehux 6pojeBa oBor
YaCOMMCa U3JOXKMUNEMO TUDEKTHE eKCIIEPUMEHTAJHE NOKa3e 0 00HAaBIbAKY
CIIMHCKMX CTaka yInpaBo npu poramuju 3a 720°, a He 33 360°.

AKIIEJIEPATOPHM YECTHUIIA (uactaBax)

ITerap Apunh, UuacTuryT 33 HykneapHe Hayke ,Bunya”, Beorpan

ocAe Kpamxe nays3e, HACMaAsHAMO ca objasnusamem mexcma ,,Axyeae-
II pamopu vwecmuya”. Ilpe caedehiez nacmasxa, nodcemumo ce yxpamxo
cadpxcaja npemzodna mpu objasmena deaa mexcma.

IIpsa dsa deaa (MP 46 u 47) cy buaa nocseliena ocHo8HUM NPUHYUNUMG
pada axyeaepamopa, a 00 mMpu epcme AKYEAEPAMOPA (EAEXKMPOCTNATNUNKY,
AUNEADRY U Yupxyaapnu), obpahene cy npee dee. Q0 eaexmpocmamuuxuz,
nagedene cy najsaxcnuje 0cobune U NPURYUNY PYNKYUONUCAE AKYEAEPAMOPA
Cockroft-Walton-oe0z u Van de Graaff-ogoz muna. Kao npumepu 3a auneapne






