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1. IlPEBH~~ CnOCO& nOCTPOEH~H nPHMOrO yrflA HA 3EI1flE 

n peS HHe cneAbI CB&.1AeTenbcTByIOT 0 TOM, 4TO 3eMneMepbl HaY4101Il11Cb 

4ep THTb npRMO~ yro n Ha 3eMne 8 AaBHQ npoweAWlo1e speMeHa. AnA Bbl

nOJ1 HeHHR 3TOVi onepa~lr1Io1, nO-SIo1AIo1MOMY, Y)j(e TorAa 6blIl 101306peTeH 

HHCTP YHe HT, KOTOPbl~ MQ)i(HQ &.13rOTOBIo1Tb 1013 eepeeKIo1 101 Tpex Konb
e B I l l , npJ.1KnaAbleaR K eepesKe / e Ka4ecTse eAHHHllbl Af1Io1Hbl/ KaKYIO
H~6YAb n anKy, HaAO paSHOMepHO HaHeCTIo1 Ha BepeSKY Tplo1HaAuaTb 
HeTOK, nep8y~ MeT~y CKpenlo11b c nocneAHeH, a OCTanbHyn 4aCTb 
8c p eBKM OTPe3aT'b. B pe3ynbTaTe nOflyyae lCR eepe eQYHO ;';' KOf1bllO 

c ~geHaAllaTblO Me TKaMIo1. OCTaeTCR nplo1BA3aTb KOf1bA K 310MY KOJ1bllY 

B MeCTJx nepaoH, nRTO~ J.1 Ae BATOH MeTOK. [enlo1 3aT e M pa3He CTJ.1 

Kon b R AD OTKa3a TaK , 4TO e e pee04Hoe Konb~O HaTRH e T C~ B B~Ae 
n pR,..o nl<!~IC~ HOro Tpey ronbHIo1Ka ~ e6HTb KonbR B 3e MnlO, TO Ha 3eMIl e 
no nY4H1CR npRMo~ yr o n C BepWHHO~ B nePBo ~ He TKe. 3TOT yron npR
HO~ nOTOMY, ~TO Tpe yrOJlbHHK, B BHAC K010poro HaTRrHBae TCR Bepe 
BO~Hoe Konb~o, HM ee T Cl0pOH~ AIlHHOH B lPH, ~eT~pe 101 nATb naIlOK 
H, c neAOBa TeIlbHO, YAOBneTBopReT ycnoBH~ nH¢arop a 

X2 +y2_t 2 =o / 1/ 

An J.1 f1 pRMo yr OJ1 bH o r o Tpe y rOJ1bH~Ka C K,)TCTaMIo1 x ,y H rHnOTeHY
30;; ( . 

BMC CTO TpHHaAuaTH MO*HO HaHeC~H Ha BepeBKY TpHAualb OAHY 
"'C.'K Y H nOnY4HTb KOnb UO C lpl1,,[luaTblO Me TK aMI-1, a KonbR npHBA
aaTb B MeCTax nepBO~. TpHHaAUaTO~ H AsaAUalb we CTO~ Me TOK. 
B 3 TOM cny4ae no nY4aeTCA BepeB04 H~~ TpcyronbHHK co C TopOHaM~ 

An~HO~ B nATb, AeeHaAUaTb H TpHNaAuaTb n anOK. OH T o~e YAoe
nC ToopReT y c noeH~ I l l . 

n e p BblM HHCTPYMe HToM YAo5HO nOllb30eclTbc.A Ha npocTopHblX nJ10 
tl&aAKc)x , BTOPblM - B TeC Ub/X Me CTdX . nOA06HO 3T OMY. COBpeMeHHble 
4 eple_Ht.1KH nOIlb3y~ T CR ABYHA npRMoyronbH~MH Tpeyr o nbHHKaMH. 
e n e p eOM 1013 KOTOPblX KarC TW O~HHaKO B~ . a BO BTOpOM OAHH 1013 Ku Te 
TaB o.Qeoe MeH hlue rt.1nOTeHy3b1. 

2. n~<!>ArOPOBbl TPOr.KH HATYPAflb H~IX 4HCEfl 

TpOHKa HaTypanbHblX I T. e . nonO~HTenbHblX ueIl~xl 4Hce n x ,y • t, 
CBR3aHHb!X yCfloBHe'1 11 I I Ha3blBaeTCR nH¢ar opoBoi1. EcnH K TOMY ~e 

3TH 4Hcna 83aHMHO n pOCTble IT. e. J.1X o6U\1-1~ HaH60nbwIoIIH AenHTenb 

~ pae e H 1/ ,To nH¢aroPo6p' _~~~Ka Ha3~8aeTC~ npHHHTH8HO~_ n~6a~ 
-~»~ 1 

....; J..i..i!o. r"i:!t..~ .il" ~ 



~ ~---------

nHa;aropODa TpoiiKa r'OI1Y4ael Crt ny H't'\ :;'~HD1HeItYlfl I,U1': ell HCKO T p..,;; 
np..,,,,.n"HUiO~; nl--~ ¢arOPQno~~. TPO.1KIrt Hi] OAHU ~1 TQ HI,I! '-1dT)lp.:lnb~ ',,",c
flO. nepeClatU1':' MCCT<iM"" ~'ic.n.;. ~ ... If. \.1,!J OIlHO~'" nI10a rOpOBO~' · T PO'1 
k ..·, r.I ,>ny!.JdE:M APyr)'~ . 

4..-, c Pi;t , COCl~H"P"l"I."'r. np~M~THBHYlQ r' ..10arupooy Tpm1k), ABnI1I'JTC~ 
.... e "onbKO a:!a~~t.HO. HO II nonoJplll~ I"'pOCTloIMH. H3 AOYX. n~pl:h,tx L/..,c.;el1 

·r.lt<O~ TPQ.:1K~ OAI-10 o(iA3&1TCnbHO 4ertl(JC. YcnoBu6"'~tCb. ~fU 4LIHblM 

Ra~C:T'A BTopoe YiI4cno. D KOAALllCe- 0 e.oe. TJG np'iMH 1'-'8ltoil n.l¢aropo
ao~ TPO~KLo'I, ttaXOA"'M 

r~ !!x := !.; - " :.c. Y=~ til. t 1:" _ t,., /2/ 

I A~ ~. 11 - 8l~luMHO "poe Tt.H! Un r YJhlnbUbI(; IIHCOil. ~'3 kOTOllt..1)( O~HO 
ue""lo'...' , ~ {'> IJ 

Ecn;-' ':4ltld I b, Ino ~ ..1 f/'" I1h)Cto.I( ('10J\O~uTcnbIlUc. /,i\j OU.R3 ..UCJ' b HO 

uell1..fel IllftCn.J . ~ t:oxpaHl4fb ycno81-1c .~ ~Ti. 'TO KdTCfbl '" flfnOT(ot- Y3il 
J1106uro ficRMoyrOf'bdOrO TpeyronbH~tKa npt.'ACTclBATCA 8 B~4Ae /11, rile, 

Hao50pOT, 

, I t X ~ _J I-xt;~ v~ 2 /3/ 

3. Cnl1110PbJ TPEXM EPlIo r o npOCTP/\HCT B/\ 

lJYAeM Tenepb C4lo1TaH~, '-{TO npoH3BOIlt,HblC flc~eCTBCH~II"e iH1cna 
I I Y I t .RB~lklQ I C~ l(on p/~""HaTat·u~ nc.('BAOCDKn'-'t{-,09-1 npo( rp.lI1CTfla . 

H IfTO ;.: adAo)d r Ath1Hl.I Bi.:H Tvpa i ,. I x. Y • t I. np.1I1"l",eW1or", K I taLlan y 

~OUP.A~HG r. paB(,~~ 

;2 =x2 ,~y2_t2. 
/11/ 

00 onpc,qe..nelnt~ , ",30rponlible [U~KTOPLI JlClI<aT Hi} C.UL'TOQUM. KOHyce /1/ 
H, CJ1eJ.\.'J8aH~nbH')t "pellC -raomH)fcn no ,.:J)OPMYl1clM /2/ . 4",c:na /3/ "'3 
o{JndC TL1 ~;. n> 0 Rs.ntlrHCA napaMCTpaHII'I Ha fO~ U..J'~H~ c.BeToeor o 
kOt1yc.a I j I. rAe x ';1 0 I Y > 0 t f >O. Ecm1 M.bI nu*cn,jcu OXSclTH Tb 

BCIJ "BepJC.HDID" ... .]CTb CBeToaoro Ko"'yca. r.c. Ty "'0 lI,lCTb. rAe 

t :,. 0, TO M..,. AOJ''''Hb/ nonOlluH" 

i \/ L.,.. I I-x e
f. ~ '1· ---, . / 5/ 

\.2 

np,., 3T~ 1(,'>:)'0(1\(';'-' nape lh.:!.:4CCTBCtIHbI)I! napaMCTpOB {. TJ C1aSHTCA 

B COOTElC1C (aHa uolnp aa.neHHbI';' B "fiYAy~ce 't ~1301pumlur~ eeK i Op /2/ . 
a KaJIIAU'""Y "Ta KO"'y Be.nopy CT.1BRTCR 0 COOT BeTCTB~'e tlBe BJ,JI-1M...o 
npOT~80nona~H~e nap~ /5/ n~paMe TpOB ~ , ~. 

MApOBaR T paPKTop~R CD(TOOorO nY4a, nroXOAR~cro B ~~CH7 epc

,...et-lL1 t = 0 4 'PI T04KY x:;; O. Y II;. 0 I Aantte TCfI npRMolluHeHHo~ 06

2 

PiJ3Y~UC:' CBC·TC·B('Iro t-:Qt4yC£\ /1/. rf" MO>llHO 3a~aTb C..,(TC'''''(''' .m'Hie~
HWX ypaOltc;·...U1 

-y ( , t • I) ' 1 

- 0 } 


/6/-( I -x1( + y I - 0 

31\('( I- Ht ~ hnr.l.n",)'~ nC'IV)lJlm1 K Tfnp.1I'. cnI1t-tf')pOB n'CBIV)('ft~n~AOBa 
rJpocTPrJlfr;18.,'4/ . 

Cllt 'A}'n K.JPT;U.Y. ( .f1i-1HPDOM. nplIfnOIllCtil-4b111t K tla~ldny KOC'p.AHHaT. 

H.-" a.nill""!>\ Cl0I1fictt 


:2 
/7/C) 

DC~(Tar;. 00,,"00 ~C"M""l1 K H,1\1.1l1j KOOPtlHHoT. npCACTaallJlt'l"I 8 B~tAC 

Mr1TPl.1ltbl 


-Y I, .) • 
x /8/( .I - l l 

Md l P"'\Hl~'" oGo3Ha"ll 'H~"X CIo1C Te .... a YDdBHetU"H /6/ 3an"'CWBaCTCA 

e aiitAc 


x:: _ o. 
/9/ 

~1JO"rw''''HOM'y BC'KTnpy /2 i C(JOT[t{,TCT9Y~1 Malplo114a 

-fn '2 )
X 2 

( _"e t " 
/1 

OnpCAen~Tenb MaTpHU~ 8/ paR~H 

e e " "'2dot X • t - x -y~-x • 
11/ 

OrCIlAa Cl1eA)"t:'T. '4TO (I>1CTeM.J /6 COBMecTHcl "TOrAa ~ TonbKO lorAa. 
KurAcl :i - ~30Tpon~~"h; oeK10p. 

KBa/lpa, ~aTp~u" /R/ pd8e' l 

2 2ye
 
X•• (X : _t
 ~ . 

=' I .. 
X02 • Y 2_ t 2 ) /12/ 

CKallf'pH),1CI MaTp~~y OlOjt(~eCTBI1ReM C 4H.CJl0t4. nYCTb Xl I .:x 2 - npo

~3DOnb"'ble aeHTop.... a A - npOlt'l3BoIlb.loe 4' .... Coo. Cor naCHO 112/, 

3 
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2 o. .... 2 
(X I'AX. ) = ( " . AX.), 

a c n e AOBSTeJ1bHO, 

X, x. + X. X, - 2;.;. , / 13/ 

HapRAY c O CBeTOO~M KOHy COM 11/ u e CbMa a aMHoe 3Hd4eHHe HMe~ T 

oAHononocT H~~ rHnep60no~~ 

X2 ~ 1 /14 / 

H Asyno noc THbH':1 rHnep60no HA 

X e = - 1. /1 5/ 

Ha t Is e px He611 1 l..I a c TH nme p60nolltAd / 15/ 

= Jl. X2 , y 2 . / 16/ 

C TOY KH 3pe HHR BHY Tpe HHe H r e OMeTpHH , 3aAaBaeMo~ MeTpHKO~ 

2 
dx2 + dye _ dt2 = dx2 + dy 2_ (xdx + y dy) /17 /

1 +x2+ y 2 

n o e e pXHOCTb / 16/ RsnR e TCA n nOC KOC Tb ~ no6a~ ea CKoro . DTCQAa c n e 

A ye T. 4TO o p Toxp OHHaR rpynna n Op e H4a T p e XMe pHor o npOCT p a HCTsa

Bpe MeHIo1 c oenaAae T C rpy nn oH H 30Me Tplo1 ~ n n OCKOC H 1 lIo6a4 e s c Ko r o. 

npoc Te~wee 1013 0 PTOX POHHbI X npeoopa30ea HHH n Op e H4i1 - 3T O 3 e p

KaIlbHoe OTpa*eHHe e nnOC KOCTH, npoxoA~~e~ 4ep e3 Ha4a no KOOPAH

HaT 11 opror OHall bHo i1 K neKTOpy, KOHe 4 KOTo p o r o t~ aXOAH TC fI Ha OAHO 

nonocT Ho M rHn c p 5 0 IloHAC 1 1~ /. 0603 Ha4HM 3TOT 8CK TOp e. nYC T b X 
np0 '-'1 3BOflb HblH OC KT OP H ~ ~ - e r o 3 epKaJ1bHblH o6pas , T a K KaK seKTOp .... ...., .... .. . 
e K0l1JU1He a p CH eeKTopy x - X H o p To rOHan e l-l OCKTOPY I. .. s", TO 

x' = ; -2(H)e. /18 / 

a Ta K KaK 2(ei) . EX . XE 101 E2 -"" 1. TO AJ1R COOTBC TC TRyl~HX MaTpIo14 

Cnpd Be AflHBO COOTHowe~He 

X '= -E XE . / 19/ 

3ePKs n bHblM 06pa30M c.nH Ho pa :3 RBflFle"T CR cn HHOp 

- . - E," . /20 / 

OPTOxpOHHoe npeoo p a30s a HHe nOpeH~a c nonO*~Teflb~M RKo6~ a
HOM nOflyya e TCA B pe3ynbTaTe n o c;neAoe a T CflbHor o BblnO]lHeHHA 3ep

K a IlbHblX OT pa )l(e H~1':1 B ABy x TaKH x nnOCKOCT RX : X " =-E2 X ~E2' 

4 

X'--E.XI-:" L e. X". ~~lXEIE2' CneJlOOaTc/lbHO , 

.'In. S.xS-' :U.S3. /21/ 

r'lp. S.".E., S-~:f:~~:2 
OproxpOI.ltllC npecf)pa30R"t-tHe nOIJCHUa c OTp~14aTel1bH(.I"" JH(oG~a


tfOM - 3TO .0.-;60 uAHO 3CP~tWbt-toe r:JTpalfl:eHHe. n..,50 pe3,YllbTar fpe-X 


TilKH)( otp~)t!.eH"'~~; X#u--C3X"'E~ I X'''",-E X E t X ::a_E XE • 

V '" ,. ~ ~ X" r ,. 2 z ~ 1

T.P, . ,. '--t:.."!:.;,e 1'.. 1 1:411'~2t:..3 ' I1CAOBafeJ1b l~O, 

X"'~-TXT • ~'~·:.T= /22/ 

lie 

-, '" ,. uT F'3E"."1 T ." 1', .I"l!!r.,j. 

-IB "tilCtHOCr"" cen.... F:~,.,-F.~ . TO 1 -ElcT . 

nnOCI(OCH.. 


ei o. ~2 .,. 1 
/ 23/ 

ncp'...!Ct.:K3CT noaepMtOC Tb 116/ no "oepxHeHtI aer8H nmcpGonbl , 1<0 

lOpa.R npeACT30nAcr npJtMYlf1 HLt NklCKOCH1 l106al.4eB(.Koro. 3epKanbHoe 

nTp,J""eH)'~C npocrpaHCTRa 8 nnOCKOc.TH /23/ 83aHMHO OAH03Hu'-lHO co

npOBO*AaerCR 3epKanhHWM O"T pu*CH~C" nnOCKOCTH no6a4~8cKoro 0 3TO~ 
npRMolo1, 

nepexoA K KOMnnCKCHbl M 4HcnaM E It1 'I n p Io1 Bo.q$1T K cn~HopaM Tpe>< 

MepHoro eBKIU1AOBa npOC1paHCTsa KcK HaA no.ne", KOMnneKCHblX . TaK 
H H,]11 nllneM BC:~~CT8l!HHblX ··...U... cen '. ' . 

". Cn~HOPbl t1~OrOHEPHHX npOCTPAHCTB 

Cn~lHOpw n -MepHOro CBKflHAOOS npOCTpdHCTsa 6b1n~ OTKPblTbl 3n"1 
KilPTdHO"" B 1913 r.'5 8 ~ta4aI1bHOM CI1y'fae n = 3 KapTa'~ ~tXOAHT 
113 q:,OPM,YI1 n..uparopa /2/. (en", 0,.,211 I4nH n =2., .. 1. rAe v - 4eool 

~V(' n~J, TO ae.... Tnp X "peAC foellA~""CR I<BcUlpaTHoa':1 MaTpa.1UeH X nOlJfI,n" 

Kill 2". a em,tt·tOp E - ..: trm640M 1143 2" ""',",cell. KaK H 8 TpeXMep HOH 

cnY4ac. KBaApar M~TP~~~ X pa8eH CKaI1RpHOMY KOSApaTy DeKTo~a i. 
u cne~oBaTenbHo. AIm AByx TaK~lX MaToVlw Xl 101 cnpaaeAn lo180 paX2 
BCH(,TBO 113/ . ~1;HpH~a. npCACTaHnRt'JI.:.4<1R ee~t!CTBeHHbI.-:1 eCKTOp, 3p
""HToea. 4ro6L1 060C.1I08<lTb ~'3Be<:'THY" T':OPIo1IJ n..,paKa I HaAO nOI1C
IIfHTb v t 2 

'~ · 23epKanl,Hoe OTpa)llcHIotC 11 8/ B rlo1r'1epnnOCKOCllo' eJ; 0 10 1 
~ ; II n -MCPHO~ cnY\.Iae npclAcTilBnAcrcn B 8~AC /19/ YI /20/. KallCAoe 
epaU4eHH( npocrpaHCTsa BOKpyr HaYiJ.na KOODAioiHaT FlBn AC TC,. n pOO3 

BeAeltHCM. ~h;fHoro ~HCn\l ..... D OTpa.llu.:t1Hi1 a TilKIo1X nnocKOCTRX. 

Ii 
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nYCTb BeKTO p~ 11 • rAe a ~ 11 •.. .• n I. COCTa anAIOT 6a3101C, a l-1 X B :)TOM c.ny~ae S".. l + n. rAe. .~ 
CKan~pH~e npO~38eAeH~R pa BH~ b& b b~ b . b ' Corn a CHO 113 /. COOTs eT-


CTS Y1()ll!.He MaTp""l.(b' HI. YAosneTBopAIOT nepeCTC}HOB04 MblM cQOTHO\1Je H ....JtM n =.!.. ~ f Jq H H / 35/

4 p=1 q-I P q 

1I. 1I b + HbH. = 2h.b · 12 '< / TaK 4TO 

6X -X' - X .UX -xu.
HapAAY c MaT pl<1 uaM~ H. aBeAeM MiJTP~ ~bI H & 101 3 yCflO EH1~ 

/36/ 

,1 

62 = E' - 2 11 2.
1\ - ~ b bHb . /25/

I b= 1 a 

Ma Tp""Ua X , n peACTaanfl~aR Be KTOp 
5. AnrE6PA KnH~OPAA 

... ~ Il"tX = __ I ~ /26/
1.=1 Ee 11"" HeKOTopble neKTopbI ; ;1 , rAe a <; 11 ..... 1\ I, 06pa3Y~T OPTOHOP

paSHa MHpoea HHblH 6a3HC , TO COOT6eTcTsyo~""e Ma TpH~~ Ea YAos.neTa op~~' 
nepee T aHOB04HbIM' COOTHoweHH~M Kn~$4IOPAa 

nan a 
x ~ ]I: H == l. x, H . / 27/ 

..... 1 a &.= 1 E, I\ . Eb E, .26., . /37/ 

r Ae 

n b 
X = 1: h b X • /28/ ~::~~~o~~~~~~~~~~~:a:::::~e~3~/: ::~::::T~~e~;:~::HE~~~~~D' 

I. b=1 a c;K>PAa . reHepaTopbI 1 , E 1 .. · . . E D '" npoH3s e AeHHR E A , . .. E Am • r Ae 

nHHeHHoe npeo6pa30Ba HHe 2~ mS" n t. 1 < &2 < .. . <a m' COC Ta01HlIOT fia3MC anre6pbl Kn' CneAOBa 
Ten.bHO , pa3Mepl-locTL ::nOH anrc6pw K-SK Be KTopHoro npoc TpaHc TBoJ 


"- ,a",, '£naL I. 
b 

/29/ 
 paBHil 2". .llCHCT9HTC.nb HO , no GHHO....y HblCiTOHB
1>= I b 

npOC TpaHCTsa Ha3blsae TCR BpalUeH~eM n pOCTpuHCTSil BOKp yr Ha4ana 21 + n t c t • . .• eO _ ( 1 1 1)11 . 
KOOPAHHaT. ecnlll YAOBl1eTBOpJHJTCR ycno9HA n n 

D n p. q npM n .. 2 v a.n r eGpa K2v npocTBR. OHa 3Ks~1saneHT Ha 8Il r c6pe
1: l h I:. . L. .= hab . det (L.a. ) =1 . /30/ K Ba~ pa ' H~X MaTpHU nopRAKa 2V.v=1 q=- l p4 

npl'! n . 2v ... 1 oJ n r e6p a K2Y .. 1 nonynpoCTaA. OHa AB/lRe TCR n pR
3 TOMY npe06pa30saHIo11O COOTse TcTBy e T KsaApanta R Ma TtJ ""lla S nop~A- MOt. CYMMO~ AOYX o AHHaKo8wx nOAa11ic6p. Ka)l(Jl8A t.t3 KOTOPblX 3KSlollBa 

Ka 2v TaKa~, 4TO 


n eHTHcl K 2v ' KapTaH Bw6HpaeT Ty H3 nOAsnre6p, S KOTOPOH 

X': SXS- I
• 2 ' S2. v31/ ... E 2oo <1 -- i /38/ 

OTC~Aa Cl1eAyeT, ~TO Tenepb nO HRT HO, noyeMY 4HCnO KOMnOHeH T cnHHopa npH n=2v 
-1 D b 101 nOH n . 2v +1 paoHo 2v .

S H S - I L. H • • s-\i's = ~ L',H" 32/ • 1>= I 1>=1 

B Cl1Y4ae 6 e CKOHe4HO Manore D pa~eHHR 6. KCHE4HOM EPH~ MOaEnb KBAHTOBOA TEOP~~ non~ 


L ~ Ii Ii 
 n.b81. . x -I = ~ (tJ x ' 
. ~I 

b /33/ B 2v -MepHoM npOC TpaHCTOe 6a3HC 

rAe A • • }(E2k _ I+IE2k ). A: - }(E~k_ I-iE2k ). /3 9/ 
ba 

= O.",.b +'" /3 '< / k(;II. .... vl 

6 7 
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npABOA~T ~ ~OHC4HnMCPMO~ MOACn~ ~epM~OHHoro nonA. ~~~CtBMrcnb-

110, 1013 nepeCTaHOBO.,.HbtX COOTHOlliC I IH.1 Klllo'lcb¢JoPAa 1371 nonY4ue-M 

ocpeCTaHOBOrtHbie COcJTtIOUt'~H~A MClIIllY onep.:nopClfo\H YHH4TOIMeHHR J.' pOIK

AeH~R ~epM~-4aCTH~. a ~MeHHO; 

,\A ( • At A k • O. 
+ + 

Al A, I At A.= ~.r
• -i +! 	 /40/

A.Ar • Ar A • • O. 

BCKTOPbI /\ 1: m".':1T D I' -"'4epHo'; nOllllUCTblO 11loTponHo~ rnOCKO

eli'1, n. AJlreC.pa I~., t10POW!teHHdR t",AUHIo1U(>ft .., tlPyr ........1 :JnCMe,·na

Hoi Al ••.• ,A". YAoBne,.eopRIG\4U~U C()(Hl1oweHMRM A ~ t • Ar Ak, _0, 1".";:'3"-
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H3 _fl~uM ,ql~nc "[]llRCTCA cmIHop0'""' . 8et(Top COCTOJ1HHR G030HHoro 

nOl\~ C/lCAOB~no (5b! TilKrI!e H,:i31.oIBclTb cmlHopOM, HO y*e ·He cSKIlHAoaa . 

a CIo1MnnCKn1\.(C-CKoro np0':To<JHCl sa. npeAc T.lBne.H1C 0 rolM",nb TOHi"IdHe 

nonA ~aeT onepaTnp 13,/. 
Cm1Hopbl Kap ruHa 	 HaXOnr; TelA D Tr1KOM l1li(: OT~OWeHH.' I, OeKTOpLi M . 

o KolKOM BO{lHOa..JFI tbYHKl'~'" IlJpC,tV1Hr Cpa - k onep:nOp.1M "OOPAlo'IHaT 

\..1 '~Mn}'mIC"B. n0310MY ~tJl3HTOlJytn MCO.... dItIH<y M,)-:HO Ha:)blHd1 b TelJPHC~ 
t.nWiOP..:. B .c~,..rICKTIo14e:l(ll1"'"0 npoCrpaH(',1 Ba Ino Me~lbWe~ Hepe, ec.nu 

YPdB~C~HA r~MHn~TO~ nHH~HHwe/. B eeoc o~ep~Ab, 1eopHR cnHHO
pOB Kapral-dl RSI1J1eTCR K8ilHTOBO~ reo,..eTpl1e~ eBKmt~Oea np.')CrpaH
C T8d. 

7. KOBAP~AHTHAR 	npO~3BOaHAR cn~HOPHoro nonR 

/Ill
KoeapHaHTHaA npoH 380 A HuR cn~HopHoro n o nR 5~na BBeAeHa 

B . A . ~OKOM 1.1 A . A. ~aaHeHKO B 1929 rOAY. CAenaTb 3 TO 6wno eeCbMa 

TPYAHO~ 3aAa4e~ n OTOHY . 4TO M~ 3 Hae M, KaK npeofip33yeTCR cnH

HOP npH o p Tor OHanbH~X n p c o 6pa30 BaHHRX npOCTpaHCTsa , HO He 3Ha

e M 101 He Mo)t(e M 3HaT b , KaK 01-1 npe06paaye Tc R nplfl APyrlo1X npeofipa 

3 0ea'1HR X . n03 TOMY c nlo1Hop Ho e non e Mob( Mome M paCCMaTplo1eaTb TOnbKO 

B p e n epe c ne~M anbHoro BHA a , B KOTOPOM MeTpH4ecKHH TeH30p HMee T 

nOCTORHH~e K03~H~HeHT ~. Ec nH ~e HeT MeTpH4eCKor o TeH30pa, TO 

HeT H cnHHopHblX noneH. CHa4ana paCCMOTpHM npOH3Bo nbHblH penep. 

da dx aKOOPAIo1Hantbli1 p ene p COCTOHT H3 nHHeHHblX ¢IopM _ . .Qyanb

HbU7s K HeMY pene p COC TOI-1T 1.13 BC.KT0pHblX fl OIle~ aa =- a/rJxQ 
• npOH3

U80nb HbI~ p ene p COCTO""T 1-13 IlI-1 He i;i HbIX ¢IopM r a= r8d f3 , d = e~r f3 r 

rAe r:e 'fr8~ 1-1 , 	 cneAOBa TenbHOIS~fS=8B' .llyanb HbfH K ca prrep 
COCT OHT 101 3 Be K TopHblX non e li ea= e a rJ fj . a cne,AoeaTenbHO , aa - fa B fj . 

Be K TopHoe none 	 MO~HO 3 aA aT b KaK B KooPAlfIHaTH OM pen e pR, a. TaK 
Q1-1 0 n p0l-13 BOnb HoM penepe e : AR e a =aaaa' OTKYAa A a 

'= a f8' a = 

= Afle'/J . AHanOrl-14 HO KOBeKTopHo e none 3a,AaeTCR KaK B KOOPAHHaT

HOM p e n e§ e d, TaK "" 0 np0l-1 3BOnbHOM penepe r : AarQ.aad a • OTKY

Aa Aa = e aa f3 I aa c: reAe . KOMnOHeHTbI npOH3BonbH o r o TeH30pHoro 

nOIlA npeofipa3YIOTCR, KaK H npOH3BeAe HHR e eK TopHblX H KoeeKTopHblX 
n o ne'; . 

KOeapl-1aHTHble npOH3 BOAHble BeKTopHoro H KoeeKTopHoro nonei1 
3anHCbIBa~TCA B eHAe 

a a a 	 j./.
D,IlA = e,eA + 	 "',Ill' A 

/43 1 
D,IlA a ~ e,llAa - "'B.A •. 

Te H 30pH~e nonA AH~~epe Hu ~pY~TC A KaK H np0lo13B e A e HHR BeKTopH~X 
H KOBeKTopH~X none~ . Hanp~Mep, 

D A a,ll Aa,ll a A',Il ,Il A a. 
yo = 	 + we y + w YiJ YIJ 

a a aj./. "a: 
Dy A ,Il~ .yA,Il+ 	"'y.A,Il- "'yil' . /44 / 
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Onepa~I-1A I1H 

y"« e,ll - ",Ilea = Ca,ll e y /45/ 

3 aAae T K03¢Kl>IIt~HeHTbI He r OnOHOMHOCH1 pene pa 1 paBHble 

Y j./.LI Y Y 
Ca{lz ea e,ll (ave. - a,/ v ), /46/ 
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0pMHMMaeT~A nQAnM~Ka Ha npenPMHTW M C~eHMA 06~eAMHeHHOr0 MHCTMTyTa 
AAePHWX MCCfleA08aHMH. 

YcTaMOaneHa CneA~aA CTOMMOCT~ noAnMCKM Ha 12 MeCAqea Ha M3AaHMA OKRH, 
BKRO~A nepeCWflKY, no OTAeflb~ TeMaTM4eCKMM KaTeropMAM: 

IIH,QEKC TEHATIIKA 

l. 3KCMePMMeHTaflbHaA ~3MKa BWCOKMX 3HeprMM 

2. TeopeTM~eCKaR ~3MKa BWCOKMX 3HePrMM 

3. 3KcnepMMeHTaflbHBR HeMTpoHHaR $M3MKa 

4. TeoperM~ecKaR •M3MKa HM3KMX 3HeprMH 

5. HaTe.MaTMKa 

6. RAepHaR cneKTPOCKOnMR H paAMOXMMMR 

7. tM3MKa TA•enwx MOHOB 

8. KpMoreMMKa 

9. YcKop•nenM 

10. AaroMarM3a~MA o6pa6oTKM 3KcnepMMeHran•Hwx 
AaHHwx 

11. Bw~McnMTenbHaR MaTeMaTMKa H TexHMKa" 

12. XMMMR 

13. TexHHKa $H3H~ecKoro 3KCnepHMeHTa 

14. HccneAOBaHMA TBePAWX Ten M •MAKOCTeM 
RAePHWMH MeTOAaMM 

15. 3KcnepMMeHTanbHaR $M3MKa RAePHwx peaKQMM 
npM HM3KHX 3HeprMAX 

16. ,ll03MMeTpMR M $M3MKa 3a~MTW 

17. leopHA KOHAeHCHpo&aHHOrO COCTOAHMA 

18. Hcnonb3oBaHMe pe3yn•raroa " MeTOAoa 
$YHAaMeHTaMbHWX 0M3M4eCKMX MCCfleAOBaHMM 
8 CMe*HWX o6naCTAX HayKH M TeXHHKM 

19. 6MO$M3MKa 

UeHa MOAMMCKM 
Ha roA 

10 p. 80 Kon. 

17 p. 80 Kon. 

It p. 80 Kon. 

8 p. 80 Kon. 

4 p, 80 Kon. 

q p, 80 KOM. 

2 p. 85 Kon. 

2 p. 85 Kon. 

7 p, 80 Kon. 

7 p. 80 KOM. 

6 p. 80 Kon. 

P. ][J KOM. 

8 p. 80 Kon. 

1 p. ]0 KOn. 

P. 50 KOn. 

p. 90 KOn. 

6 p. So Kon. 

2 p, 35 Kon. 

1 p. 20 KOn. 

0oAMMCKa MO•er 6wr• O$opMneHa c no6oro MeCAQa TeKy~ero roAa. 

Oo BCeM BOnpocaM ~pMneHHR noAnHCKH cneAyeT o6pa~aTbCA 8 H3~aTenbCKH~ 
OTAen rJHRH no BAPecy: 101000 HoCKBa, rnaano~TaMnr, n/R 79. 

4epHMKOB H.A., WaaoxMHa H.C. 
HeTpM4eCKaR npMpoAa CnMHOpHoro nOflR 

P2-85-723 

HccneAo&aHa CBR3b Me*AY cneAy~MMH anre6paM4eCKMMM, reoMeTpH4eCKMMH 
" $M3M4eCKHMH o6~eKTaMM, &3RTWMM a MCTOPM4eCKOH nocneAoaaTeflbHOCTM: TPOHKH 
nH$aropoawx 4Mcen, anre6pw rpaccMaHa, anre6pw Kn~opAa, cnMHopw KapTaHa, 
ypaaHeHMe ~"paKa, KoaapMaHTHaR npOH3BOAHaR ~OKa - HaaHeHKO, ~epMMOHHWe 
H 6o30HHWe nOnR. noKa3aHO, 4TO $QpMyflW n~aropa AflR npHMOyrOflbHOrO Tpeyronb 
HMKa npRMO BeAyT K CnHHOpHOMy npeACTaaneHHQ OpTOXpOHHOH rpynnw flopeHqa. 
YKa3aHO, 4TO BeKTOP COCTORHHR B KBaHTOBoH ~epMHOHHOH TeOPHH RBflReTCft CnH
HOpOM e&KflMAOBa, a B KBaHTOBOH 6030HHoH TeOpMH - CnHHOpOM CMMnfleKTH4eCKOrO 
npocrpaHCTBa. nOA4epKHyTa MeTPH4eCKaR npHPOAa CnMHOPHOrO nonR: eCnM HeT 
MeTpH4eCKOro TeH30pa, TO HeT H CnHHOpHWX noneH. npaKT~4eCKaR 3aAa4a Ape&
HOCTH - Ha4ePTHTb npftMOH yron Ha 3eMne - OKa3aflaCb TeCHO CBR3aHHOH C rnaa
HWMH $H3M4eCKHMH TeOpHRMH COBpeMeHHOCTH, 

Pa6oTa awnonHeHa a na6oparopHH TeopeTM4eCKOH ~H3HKH OHRH. 

Jlpe!tpHHT 0151.1!AHHeHHOI'O HHCTHTyTa ~ep!IIIIX HCcneAo•aiDIA. nytiHa 1985 

nepe&oA T.~.AYM6paHc 

Chernikov N.A., Shavokhina N.S. 
Metric Nature of Spinor field 

P2-85-723 

Connection is studied between the followinq alqebraic, qeometric, and 
physical ~bjects (taken in a historical sequence): triples of Pythagoras 
numbers, Grassmann algebras, Clifford alqebras, Cartan spinors, the Dirac 
equation, the fock-lvanenko covariant derivative, fermion and boson fields. 
Pythagoras formulae for a right triangle are shown to lead immediately to 
a spinor representation of the lorentz orthochronous qroup. The state vector 
in quantum fermion theory is proved to be a spinor of the Euclidean space, 
and in quantum.boson theory a spinor of the symplectic space. A metric 
nature of the spinor field is to be emphasized: no metric tensor,no spinor 
fields. The practical problem of anc.ient· ages, to draw a right triangle 
on the Earth surface, appears to be closely related with basic physical 
theories of modern times. 

The investigation has been performed at the laboratory of Theoretical 
Physics, JHlR. 
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