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Coaep:xaHue

Tpex mpocTpaHCcTBeHHO-BpeMeHHas (I10JIOKUTE/NIBHOM, OTPULIATE/ILHON U
HyJIEBOM KpHMBU3HbI) MOJeJib BcesleHHOM

MaTeMaTH4ecKHe OCHOBbBI, YUCJIA, JIreOpBl, MOJy4eHHbIE POPMYJIbI
CpaBHHUTeJIbHbIE XapaKTePUCTUKH IPOCTPaHCTB-BpeMeH “ST u PST
[eomeTpuUYecKHe OCHOBBI U OnpefieieHHe ClIMHa (0€3 KBAHTOBBIX YHCE)
CnvH $pepMHOHOB U 6030HOB, JieBasi Y lIpaBasi CIUPAJIbHOCTD

CaMocorJiacoBaHHbIE MO/IeJIK BOAOPOAOIO00HBIX aTOMOB: IIPOTHS, FeJINS,
napareJius, OpTorejus, JUTHS, 6epHUJINSA;

dyHaMeHTa/lbHbIE B3aUMOJENHCTBHA B IpOCTpaHCcTBax-BpeMeHH “ST u ST
[ToJsig 1 Ipeo6J1aarolye NPoLecchl B IPOCTpaHCTBax-BpeMeHH ST u ST
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KocMmoJsioruyeckue Mmozaesv
boJsibmoro B3apriBa (bB) U UX HegoCTaTKU

Ha cerogHAIIHUM AeHb NpeaJioxeHo 0KoJio 30 pa3M4HbIX Mozesier bB.
Cpei HUX TaKHe KaK:

* Teopusa cranuonapHou Bcenennou («Steady State theory» ®@pea Xoua, Tomac
l'onpg, 'epman bouau (1948));

* UHdussuroHHada mozenb Bcenennou (3. b. [munep, Anekcert CTapoOHUHCKHH,
Anan I'yt, Auppen JIunge, BadyecnaB MyxaHoB (1960-1970-1980));

 CtangapTHagd KocMmoJiorudeckass mozesb A CDM (1990 no Hacrogliee
BpeMsi);

Bce mnpeasiokeHHble MOJleJIM UMEWT OYEeHb CYyleCTBEHHBbIM HEeAOCTAaTOK.
OHM He OTBe4YalT Ha BONPOC: KaK 00pa3oBa/iach HabJ/Il0gaeMasAs 6apyUOHHAA
acumMeTpusa Bo Bcenennon? Wiy, Kyaa aesiacb aHTUMaTepUs?



Npea akagemuka A. /l. CaxapoBa

B 1966 roay akagemMuk Caxapos, Ipy3HaBad 4YTO B U3HA4YaJIbHbIK MOMeHT bB
KOJINYECTBO 0Opa30BaBIIEUCd MAaTEPUU U aHTUMATEPUU ObLJIO OJHMHAKOBBIM,
BbicKa3zaJ rumnore3y ([lucema B 2AKITD 5, 32 (1967)). B kakou-TO HayaJIbHbIN
MOMEHT, y»e mnocje bB, mo KakKou-TO HEU3BECTHOW IPUYUHE, KOJHUYECTBO
MaTepUM Ha OYeHb MaJIeHbKyI 4acTbh (~ 1071%) mpeBbICHMIO KOJIMYECTBO
aHTHMaTepPUU. ITO U OO'bSICHAET OTCYTCTBHE AaHTUMATEPHUU B HAOJIIOJAaeMOM
HaMM MpPOCTPAHCTBe. JTa MpobJsieMa IOJIydhJia Ha3BaHHe: HAOJII0gaemMas
OapHOHHAasA aCUMMeTpus Bo BcesieHHOMU.

C Tex mnop ObLIM MNOpeAJiOKeHbl He OAUH JeCATOK IOCTPOEHHH U
MaTeMaTH4YEeCKMX MOJeJieHd, IMbITaBIIMXCA OOBbSCHHUTb MeXaHU3M (cC
ucrnoJsib3oBaHveM, CPT-WHBAapUAHTHOCTU) TNPUBEAIIMA K OApHMOHHOMU
aCUMMeETpUH BO BcesleHHOMN.

Bce nonbITKH 00bSICHEHUSA — OKAa3aJIUCh HEYAOBJICTBOPHUTEC/IBHBIMHA.



CoBpeMeHHEbIe ITpeacTaBJIeHUS
O IIPOCTPAaHCTBE-BPEMEHU U TeOMEeTPUU
B TEOPUU IIUKJIUYECKOU BcesileHHOU



AGCOJIIOTHOE IPOCTPaHCTBO-BpeMsd “ST
KaK OCHOBA [Jid boJibiioro BapsiBa



Mogenb boJsibinoro BapeiBa (BB)
U nocyeayrinero CxsmonbiBaHus (Cr)



OCHOBHbIE XapaKTePUCTUKHU U CBOMCTBA
pocTpaHcTB-BpeMeH “ST u °ST

[lpocTpaHcTBa-BpeMeHa ST u PST o6naparoT cieyomyuMu CBOUCTBAMU:

ABJIAIOTCA B3aWMMONPO3PAYHBIMH, TO €CTb - He HMEKT BO3MOXHOCTHU
HeNnocpeACTBEHHO B3aUMO/IeMCTBOBATh APYT C APYTroOM;

ABJIAIOTCA B3aMMOCOIJIACOBaHHBIMY, TaK KaK BbIHYK/|€HbI LieJIeHallPaBJIeHHO
B3aMMOJIEMCTBOBaTb JApPyr C JPYyroM MOCPEACTBOM , 00O0OIIEHHOTrO

[TapakoMIJIEKCHOT'0 AGCOJIIOTHOTO POCTPaHCTBa-BpeMeHHU 4ST (CM. NYHKTBI
3.9 u 3.10 I'naBeI 3);

ABJAIOTCA (QYHAAMEHTAJbHO CLEeIUVIEHHBIMA JApyr C JpyroM, TO €eCThb
IOJIHOCTbIO B3aMMO3aBUCUMBIMHU (cM. NOyHKT 2.3 [naBbl 2 «lloHATHE
PyHAaMEeHTa/IbHOMN- CLIeNJIEHHOCTH - &»);

ABJIAIOTCA IIOJIHBIMH aHTHUIIOAAMH APYT APyra U UME€IOT dHTAarOHHCTHYE€CKHE
CBOHUCTBa4,

ABJIAIOTCA KBaHTOBaHHBIMM, TO eCTb PyHJaMeHTa/lbHble B3aUMOJENCTBUA B
0060HX MPOCTPAHCTBAaX-BpPEMEHHU 00JIaJal0T KBAHTAMH €V CTBUSI.



[lonsaTHe BpeMeHU CUHXPOHU3AUUHU gy cp
1 MeXIPOCTPAHCTBEHHOro noTeHnuanaa > U

[loHsaTHE BPpEMEHHU CHHXPOHH3dIlUH — Tsynch

Y npoctpaHcTB “ST u PST umeroTca co6ctBeHHble BpeMeHa ‘T u PT, umeromue cBoit
TeMH U pasHble cBoicTB. Ho, 06a Bpemenu ‘T u PT mopoxxzgaroTca U3 nepBUYHOrO
BEYHOTO BpeMeHU , TnpoueccoM wuHuMuMauuu BB. B pesysbraTe Bce
GYHAAaMEHTAJIbHO CleNJIEHHble IPOIECChl B 3TUX [JIBYyX MPOCTPAHCTBAxX OYAyT
[IPpOTEKAaTb CUHXPOHHO BO BpeMeHH, KOTOpoe TaK M Ha30BEM - BpPEMEHEM
CUHXPOHU3AUUH T 5y cp-

[loHsATHE MEXIPOCTPAaHCTBEHHOrO MOTeHIHaa - ° ' U
B Tsynch B MOMeHT BB 06pa3oBasuch:
* ropsiuee NpocTpaHCcTBO-BpeMs “ST c o4eHb BBICOKOM HadaJbHOM TeMIepaTypoil U

* X0JIOZIHOE MPOCTPaHCTBO-BpeMs ST, BepoATHO, C OTPULATEJbHON TeMIepaTypoi
(3TOT TEPMHUH — TPpeOYeT TOYHOTI'0O HAYYHOTO ONpeieJIeHHU ).

YuuTbIBas pasHully TeMnepatTyp B “ST o6pa3syeTcs Mex IPOCTPAHCTBeHHbIH

noteHuuasn °' U 6arogaps KOTOPOMY U peaJu3yloTcs Bee npouecchl oT BB fo Cr. 10



O pacnpepnesieHUH JIOTHOCTEU B TpeX
[IPOCTPAaHCTBEHHO-BpeMeHHOHU BcesieHHOH

Jrnoxa pPeKOMOHMHAIMU OTCYyTCTBYeT. COOTBETCTBEHHO, COBPEMEHHbIE
IpeACcTaBJIeHUS O paclipe/ieieHHMU JIOTHOCTeH BO BcesleHHOM, MOACYUTAHHbIE
Ha OCHOBE HEOJHOPOJHOCTEM KOCMUYECKOTO MUKPOBOJIHOBOI'O M3JYYEHUS -
SIBJISIFOTCSI OLLIMOOYHBIMHU.

Ecnu BbICKa3aThb Npe/oJI0KeH e, YTO COOTHOLIEHHE MJIOTHOCTU AGCOJIIOTHOTO
IPOCTPaHCTBa-BpEMEHH K IVIOTHOCTSIM NpOCTpaHCcTB-BpeMeH “ST u PST
BMECTE B34ThIX: COCTaBJISET, IpUMepPHO, Kak 10 k 1, To:

* IJIOTHOCTb AOCOJIIOTHOTO MPOCTPAHCTBA-BpEMEHH OyJeT paBHaA
npuMmepHo ~90,91% ot musioTHOCTU BCcesrieHHOY;

* COOTBETCTBEHHO, CyMMapHas IJOTHOCTb NpOCTpaHCcTB-BpeMeH “ST u PST
oyzeT paBHa 9,09% uau no 4,545% a1 Kaka0ro NpocTpaHCTBA-BPEMEHHU
LST wnu PST.
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HykJieocuHTe3 B Tpex
[IPOCTPAaHCTBEHHO-BpeMeHHOU BcesleHHOH

[lpocTpaHcTBO-BpeMd ‘ST

Jluarpamma: yzieJibHOU 3HEPTUU CBSI3U

[lpoctpaHcTBO-BpeMsa PST

Hykneocuntes B PST  Tpebyer
HccJeJOBaHHM.

ABTOpOM BBIABUHYTa THIOTE3a 00
00paTHOM 3aBUCUMOCTH peaiu3yeMou
B 3TOM IIPOCTPaHCTBE-BPEMEHHM.
COOTBETCTBEHHO, 3HepreTU4YecKHu
BBITOJHO CHUHTE3HUPOBaTh TaXKeJble
a4pa, HYKJEeOCUHTEe3 KOTOPbIX U
npoxoauT B PST c¢ ucnosib3oBaHUEM
cJ1aboro B3auMo1enCTBUA.
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AHTHUMaTepHus B IPOCTPaHCTBe-BpeMeHU P ST
3aMeHseT IOHATHE TEMHOU MaTepUHu

» [IpocTpaHCTBO-BpeMsl OTpHIATeJbHONH KpHBH3HBEI ’ST, He Hab./rofaeMoe
HaM{, M QaHTHUMATEpPUsd C OTPULATEJbHOU MACCOM U OTpHULATEJSbHOMU
IJIOTHOCThXO 3HEPruHy, pas3BUBAWIIAACA B  HEM, [PeOoCTaBJAT
BO3MO>KHOCTb IIOJIHOCTbIO OTKAa3aTbCAd OT BBEJIEHHOI'O B (pU3MKe IOHATHSA
TeMHON MaTEPHUH.

* B paccMaTpuBaeMoil KOCMOJIOTUYECKOW MOJiejiM, He HabJjlaeMoe HaMH

MPOCTPAHCTBO-BpeMs  OTpHUIATeNbHOM KpHBU3HBI DOST , dBjsdercH
B3aMMOIIPO3payHbIM C HaOJ/I0JaeMblM HaMH HPOCTPAHCTBOM-BpPEMEHEM
MOJIOKUTEJbHOM  KpuUBM3HBI ST MMEHHO [I03TOMY, BCE

9KCIIepUMEHTAa/IbHbI€ MOMNBLITKA 3aperuCTpUpPOBaTh TEMHYI0 MaTEPHI0 -
TEPIAT HeyAayy.
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[llecTh 0A30BBIX IAPaMETPOB
L D
B IIPOCTPAHCTBax-BpeMeHu ~ST u “ST

[lpocTtpancTBO-BpeMd ST [lpoctpancTBo-BpeMs P ST
JJileMeHT curHaTypsl [+171] JJIeMeHT curHaTypbl [—171]
— 1 « — 1 . _1
K -w-dx%+dy? + dz> 1 Ko /g2 dy?— dz?
t = Tt 1 1
G,V )
rae, t > 0 (Bpems) rie, —t~1 > 0 (orp. Bpems)
K > 0 (tTemneparypa) — K1 > 0 (orp. TeMneparypa)
w > 0 (KpuBHU3Ha) — w1 > 0 (orp. kxpuBU3HA)
s > 0 (paccrosiHue-paanyc) —s 1 > 0 (oTp. paccTossHUe-paguyc)
G, > 0 (rpaBuTanus) — G, ! > 0 (otp. rpaBuTanus)
v > 0 (ckopocTb) —v~1 > 0 (oTp. ckopocTh)
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MaTteMaTuueckad BcesieHHad

B /11060 MOMEHT BpeMEHM CHHXPOHM3aUMH T, A1 BCEX 6 06a30BbIX

MapaMeTpoB HpocTpaHcTB-BpeMeH ST wu PST BrimosHANTCA ciaepyoumuye
COOTHOIIIEHUM:

"K (Tynen) % PK (Tsynen) = 1]
A6, (Tsyncn) X PGy (Tsynen) = |1l
L@ (Tsynen) X Pw (Tsynen) = 111
s (Tsynen) X Ps (Tsynen) = 11
bt (Tsyncn) X Pt (Tsynen) = |1

lv (Tsynch) x Py (Tsynch) = |1]
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Yucsa 1 anredopbl NPpUMEHSIOLUECS AJ4
OMMCAHUSA IPOCTPaHCTB-BpeMeH “ST u PST

[lpocTpaHcTBO-BpeMd ‘ST

MHOXeCcTBO NeUCTBUTEJNbHbIX
yucen ( R ) pomKkHO cTporo
COOTBETCTBOBATh CBOUWCTBaAM

pocTpaHcTBa-BpeMeHu “ST.

JlecTBUTEJIbHbIE 4YHCJIA JOJKHBI
ObITh  3alporpaMMMHpPOBaHbl B
aJITOPUTME POXKJAEeHUSA U Pa3BUTHUSA
3TOr0 MNPOCTPAHCTBA-BpEMEHU MU
[I03BOJIAITh OIHCbIBATH €ro C
MoMeHTa BB nio Cr.

[lpoctpaHcTBO-BpeMsa PST

AHaJIOTUYHBIM 00pasoM,
MHO>KECTBO TeMHbIX 4yucea (D)
JIOJDKHO CTPOro COOTBETCTBOBATH

CBOMCTBaM [IPOCTPAHCTBA-
BpeMeHU DgT U TI03BOJIATH
OINMCbIBATh ero ¢ MoMeHTta BB n0
Cr.

CoryiacHO BBIIBUHYTOU aBTOPOM
FAIOTE3bl: 3TO MOTYT  OBITh
p-Aau4decKue Yucia.
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Yucsa 1 anredopbl NPpUMEHSIOLUECS AJ4
OMMCAHUSA IPOCTPaHCTB-BpeMeH “ST u PST

[lpocTpaHcTBO-BpeMsd “ST

[lpocTpaHcTBO-BpeMs ST - saBasercd
OOHOPOJAHBIM M  HU30TPONHBIM (Ha
OOJIBIIMX MacliTabax), paclIupsaeTcs C
MoMeHTa BB no Cr.

PaccTosgHue B HEM - ABJIAETCA
HEIIPEPBbIBHBIM, qTO COOTBETCTBYET
dKCHMOME O HeIlIpepbIBHOCTHU MHOXECTBA
IL[GI‘/’ICTBI/ITe.}IbeIX qHUCeJI.

Bpema T - gBiadeTca ofHOpPOAHBIM H
M30TPOMHBIM.

B POCTPaHCTBE-BpEMEHH Lst

peanusyeTcsa ApxruMmen0Ba MeTPHUKA.

[lpoctpaHcTBO-BpeMsa PST

[lpoctpancTBo-BpeMs PST - saBisertcsa
HEeOHOPOAHbIM 51 aHU3O0TPOIIHEIM,
C>kMMaeTcsi ¢ MoMeHTa BB nio Cr.

OnpepneseHrMe TMOHATHUS PACCTOSHUSA B
bsT, KOTOpPO€E MO>KET ObITh Pa3pPbIBHBIM —
ABJIAETCA NpeaMeTOM AJid AaJibHEeHIIUX
HcceJ0OBaHUH.

Bpemsa DT . gensercs HEOJHOPOJHBIM U
AHU30TPOITHBIM.

B [IPOCTPaHCTBE-BpEeMEeHU bsT

peajin3yeTCd HeapxXuMea0Ba METPHUKaA.
17



Yucsa 1 anredopbl NPpUMEHSIOLUECS AJ4
OMMCAHUSA IPOCTPaHCTB-BpeMeH “ST u PST

[lpocTpaHcTBO-BpeMsd “ST

[lpocTpaHcTBO-BpeMa ST
I10JIOXKUTEJIbHON KPUBU3HBI C
MOJIOKUTEJNbHBIM OZ{HOPOJAHBIM
BpeMeHeM T, ¢ IOJI0KUTEIbHOM
JIOTHOCTbIO MaTePUHU U S3HEPIUH,
10JIOXKUTEJIbHON IPaBUTALUEN.

B npocTpaHcTBe-BpeMeHHU “ST
peaJsii3yeTcs ajreopa c
JOMHHAHTHBIM ILIIOCOM.

[lpoctpaHcTBO-BpeMsa PST

[lpocTpaHcTBo-BpeMs PST
OTPHULIATEJIbHOU KPUBHU3HBI C
OTpHUIlATEJbHbBIM HEOJHOPO/JHBIM
speMeHeM PT, c oTpyLiaTe/bHOM
MJIOTHOCTbIO MaTEPUM U IHEPTHUH,
OTPHILIATEJIbHOU I'PaBUTAl[UEM.

B npoctpaHcTBe-BpeMeHu PST
peaJsii3yeTcs ajreopa c
IOMHHAHTHBIM MUHYCOM.
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[[paBUJIa MaTeMaTU4YeCKUX OTlepal il
B IPOCTpaHCTBax-BpeMeHu “ST u PST

[lpoctpancTBo-BpeMd ST

[IpoctpancTBo-BpeMsa PST

J/1eMeHT curHaTyphl [+1+1]

JJIeMEeHT CUTHaTyphI [—1

HencrBuTtenbHble yucaa (Re): a, b, c, d...

~

|
TemHble yucaa (Da): —@, —b, —¢, —d...

+a>0>—a —-a>0>+a
Onepanus cioxeHuUA: Onepanus CioXeHuA:
+a+b=+c —d—b=-¢
—a+b=+c +d — b = +¢
Onepanysa yMHOXeHMS: Onepauusa yMHOXeHMS:
(+a) X (+b) = +c (—a@) x (—=b) = —¢

(+a) X (—b) = —c
(—a) X (—b) = +c

(—@) x (+b) = +¢
(+@) x (+b) = —¢
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[[paBUJIa MaTeMaTU4YeCKUX OTlepal il
B IPOCTpaHCTBax-BpeMeHu “ST u PST

[lpoctpancTBo-BpeMd ST

[IpoctpancTBo-BpeMsa PST

Jj1eMeHT cUrHaTypsl [+171]

JJIeMeHT CUTHaTyphl [—1 |

Bo3BezieHHe B cTeNeHb:

Bo3BeaeHue B cTeneHb:

+a? = +c +a? = —¢
U3BjieyeHMe U3 KBaZPaTHOI'O KOPHS: U3BJyiedeHHe U3 KBaZPaTHOT'O KOPHH:
V+a = +c V—d=—¢
KoMIieKkCHBIe YHCJIa: KoMI1ieKCHBIe YU CJIa:
a+ib —a—1ib

rae i - runepboinyeckass MHUMasl e JUHUIIA.
TakuM 06pa3oM, KOMIIJIEKCHbIE YHcJa C i

006J1aJlal0T KOMOWMHUPOBAHHBIMU CBOMCTBAMMU.

rae - sJUIMNITHYECKass MHUMasA eJUHULLA.
TakuM 06pa3oM, KOMIIJIEKCHbIE YUCJIA C 1
006J1aJlal0T KOMOMHUPOBAHHBIMM CBOHMCTBaMU.
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[IpeaBapuTesibHOE onpeaeseHre Teopuu
Oynkunu KomniekcHou [lepemeHHOU

TOKII - sTO0 ynoOHbIM KW MOIIHbIM MaTEMAaTUYECKUU HWHCTPYMEHT,
[peJOCTAaBJSAIOINUNA BO3MOXHOCTb OBICTPO U 3POEKTUBHO pellaThb
onpeJeJeHHOro Kjacca 3ajga4du B “ST.

Ho, ognoBpemenHo, T®KII - 3To emje u JioKajJbHas U OrpaHUYeHHast
«MOJEJIb-MOCT», OOBbeAUHAI0IAs CBOMCTBA MPUBbIYHOM JJis Hac
aJireopol C abCOJIOTHBIM JOMHHAHTHBIM IIJIOCOM U aJIledpbl C
JOMUHAHTHbIM MUHYCOM.

Takoe siokasbHOE 00beJUHEHUE HAa OCHOBE MHOKECTBAa KOMILJIEKCHBIX
yuces (C) mo3BoJsisieT ONUChIBAaTh HEKOTOPbIE aCEKThHI B3AUMOJEMCTBUU
00beKTOB B IpocTpaHcTBax-BpeMeHu “ST u PST, HanpuMmep, ypaBHeHUe
[llpeguHrepa.
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0O0001IeHHbIe KOMIIJIEKCHBIE YUCJIA

* Yucro TeopeTUYeCcKH, BO3MOKHOCTh BBeJleHHUsI 0000IeHHbIX KOMILJIEKCHBIX
yuceJl: THUNEPOOJIMYECKOM, ISJIJIMOTHYECKOM H IapaboJM4eCKOM MHMMBIX
eJUHUL], paccMoTpeHa B pabore U. M. AArmoma «KoMIuieKCHbIe YMCJIa U HX
NpUMeHeHHe B reoMmeTpumn», M. (1963);

* C MpaKTU4YeCKON TOYKH 3pEHHs], IpUMEHEHHE O000OIIEHHBIX KOMIJIEKCHBIX
4yuUceJl B BEKTOPHOU aJireope 6bL10 npeasoxxeHo M. A. JlaBpeHTbeBBIM U b.
B. [llabaToMm B pabote «IIpo6/ieMbl THAPOAUHAMMKH U UX MaTeMaTH4YeCKHe
mozeau», M. (1973).

B 06eunx paboTax 0000IeHHbIE KOMIIJIEKCHBIE YHCJIa €CTECTBEHHO, BBOJAUIUCH
B  eJUHCTBEHHOM HaOJIIOJaeMOM IpOCTpPaHCTBe-BpeMeHH ST H
CylLlleCTBEHHbIX PE3Y/ILTATOB B PEIIEHHH 33/]a4 HE IPUHECIIH.
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0O0001IeHHbIe KOMIIJIEKCHBIE YK CJia B

TpeX IPOCTpPAaHCTBAX-BpeMEHHU , LST u PST
* B HabuirojaeMOM HaMH  OPOCTPAHCTBE-BPEMEHU LsT BBOJUTCH
rurepoondecKass MHUMas eAI/IHI/ILla [ KBaJipaT KOTOPOUW PABEH :
= -1

KOTOpPaAd KaHOHHNYECKH I/ICHOJIBBYETCH B MdTE€MATHUKE YK€ MHOI'O BEKOB;

B HeHaby0gaeMOM HaMH INIPOCTpaHCTBe-BpeMeHu DPST BBOJUTCA
3JIJIMIITUYECKass MHUMas eIMHUIIA KBaJipaT KOTOPOU PaBEH :

i* = +1

* B 06001leHHOM MaTepUHCKOM AOCOJIIOTHOM IPOCTPAHCTBE-BPEMEHHU
BBOJIMTCSI TapaboinyecKass MHUMas €IMHUIA, KBaJpaT KOTOPOW paBEeH:

I? = 0; u I? = oo;
OJHOBPEMEHHO, IIPU 3TOM BBIINIOJIHAETCS COOTHOIIIEHHE:
O0Xoo=1
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HayasbHbIe 3HaueHUd 6a30BbIX IapaMETPOB
B IpOoCTpaHcTBax-BpeMeHu “ST u PST

[IpocTpaHCTBO-BpeMA

[lpocTtpancTBoO-Bpems “ST

[lpoctpancTBO-BpeMsa ST

Anrebpa c aJieMeHTOM
curHatypsl [+111]

Anrebpa c 3J1IeMeHTOM
curHatypbl [—171]

A4S = 1 (constant) ISy =0 DSy = LSy =1/0 PSy =1/
4() = 1 (constant) Lwg = o Pwy=0 Lwg =1/ Pwe=1/0
AT = 1 (constant) Lty =0 Pty = Lty =1/0 Pty =1/00
4y = 1 (constant) Lyg =0 Pwo=0 Llyg =1/ Pwe=1/0
4G, = 1 (constant) g, =0 PG.g = LG,y =1/0 | PG,y =1/
AK = 1 (constant) LK, = o PK, =0 LKy =1/00 Pk, =1/0
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HayasbHbIe 3HaueHUd 6a30BbIX IapaMETPOB
B IpOoCTpaHcTBax-BpeMeHu “ST u PST

[lnockasa 06061eHHasA Moeab BB u nocienyoinero Cr B nonepe4yHoM paspese 25



CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpadHcTB-BpeMeH “ST u PST.
PasmMepHOCTH NPOCTPAHCTBA U BPEMEHHU:

[IpocTtpaHcTBO-BpeMAa “ST

* PasMepHOCTH IMpOCTPAHCTBA: 4-X

MepHoe, 3 IPOCTPAHCTBEHHBIX
KOOPAMHATHLI U OHO U3MEpPEeHUe -
BpeMeHU T;

MHHMada pa3MepHOCThb: 2-X MepHasd

1 MHuUMasg  runepboJinyecKas

elUHULIA M 1 wusMepeHue
MHHMOTO rUIepo0JIuIeCKOro
BpeMeHH ;L.

[lpoctpancTBo-BpeMs P ST

PasmepHOCTh mnpocTpaHCTBaA: 4-X
MepHoe, 3 IPOCTPAHCTBEHHBIX
KOOPAUHATHI U OJHO U3MEPEHHe —
BpeMeHu °T;

MHWMada pa3aMepHOCThb: 2-X MepHOe

1 MHHMasl 3JIJIMIITUYeCcKas
elUHULIA [ M 1 wu3MepeHue
MHHUMOTO 3JIJIMIITUYECKOTO
BpeMeHH L.
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* [lpocTtpaHcTBO -

CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpaHcTB-BpeMeH “ST u PST.
Oo61e 3aKOHOMEPHOCTH

[lpocTpaHcTBO-BpeMsa “ST
OLHOPOLHO W

M30TPOIIHO.
B HeM peanunsyeTcd
LeJI04YKCAeHHad Pa3sMepHOCTE,

BbIPpaX€HHadd 9€pe3 L eJibl€ Y1 CJId.

[IpAMBIM cJieJCTBUEM 3TOr0
YTBEPXKAEHUA ABJIAIOTCA: TOYHBIE
YHIAaMeHTaJ/IbHble KOHCTAHTHLI B

ST.

[lpoctpancTBo-BpeMs P ST

[IpocTpaHCTBO - HEOAHOPOJHO U
aHU30TPOIHO.

B HeMm peanun3yeTcs ILeJIOYHUCIeHHAs
pa3MepHOCTb, BbIpaKEHHasi 4epes
JAPOOHBIE 4yncaa. UMeeT GpaKTaJIbHYIO
IPUPOAY W BO3MOXKHO pP-AJWYECKYIO

CTPYKTYDPYV.

[IpsaMbIM cJie,CTBUEM 3TUX

XapaKTepPHUCTUK ABJIAOTCA:
JIYKTYallUOHHbIe I[apaMeTpbl B
ST.
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocrpadHcTB-BpeMeH “ST u PST.
CBoiiCTBa ¥ XapaKTepUCTUKHU BpeMmeH ‘T u °T

[IpocTtpaHcTBO-BpeMAa “ST

Bpema T 00’ beKTHUBHO,
HelpepbIBHO, 0JHOPOLAHO;

HanpaByiieHHOCTb (BEKTOp HJIU
CTpeJsia) BpEMEeHH: U3 MPOIILJIOTo B

oyaylee;

Bpems CYLI,eCTBOBAHHUSA Lt
oTcyuThbiBaeTcd ¢ MoMeHTa BB u
3aKaH4YuBaeTcsd B MOMeHT Cr;

EnvHnna BpeMeHu ‘T - ycioBHad,
MMEHYETCH CEKYH/I0MU;

[lpoctpancTBo-BpeMs P ST

Bpema PT Cy6'beKTUBHO,
IUCKPETHO, HEOTHOPO/IHO,
AaHU30TPOIHO;

HanpaBysieHHOCTb (BEKTOpP WJIU
CTpeJjia) BpPEMEHU: OTCYTCTBYET,

IIOCKOJIBKY OHO — MUKJ/IUYHO.

Bpema cymectBoBaHug °T
OTCYHUTHhIBAaeTCd ¢ MoMeHTa BB U
3aKaH4YUBaeTCs B MOMEHT (C7;

Ennauna Bpemenn PT - He
onpezesieHa;
28



CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocrpadHcTB-BpeMeH “ST u PST.
CBoiiCTBa ¥ XapaKTepUCTUKHU BpeMmeH ‘T u °T

[IpocTtpaHcTBO-BpeMAa “ST

* Bpewmsa
(corsacHo
JIAHHBIM );

LT ~ 14

MJPA.  JIET
COBpPEMEHHBIM

[lpoctpancTBo-BpeMs P ST

* Bpemsa DT _ no Benuuuse gBigercd

OTPpHULIATE/IbHbIM;

Bpemsa PT moxHO oxapakTepHu3oBaTh Kak:
BHYTPEHHee, CKpbITOe, LUKJIHUYECKOEe,
p-AqU4ecKoe, BOJIHOBOE;

O4HO W3 Ba)KHEMLIMX CBONCTB BpeMeHHU
DT _ gBnsgerca To, 4TO OHO CIOCOGHO
GJIYKTYUpOBaTb U YCKOPATHCSA: U3MEHSTh
CBOI TeMN MNpU TMOJOXKUTEJIbHOM WU
OTPULATEJbHOM YCKOPEHHUH.
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpaHcTB-BpeMeH “ST u PST.
KpuBH3Ha, cyMMa yIJIOB TPEyroJibHHKA M CBOMCTBA

[IpocTtpaHcTBO-BpeMAa “ST

» KpususHa "ST nonoxuresbHa
(“w > 0);

 CyMMa yIJiOB TPeyroJibHUKA: £ZX +
4P + 2y > 180%;

* [IpoctpancTBo “ST: pacmupsercs
OJJHOPOJHO OTHOCHUTENBLHO C
MoMeHTa BB ni0 Cr (cM. puc. 1) no
cTpeJie BpeMeHH T.

[lpoctpancTBo-BpeMs P ST
Kpususna PST orpunarenbHa
Pw < 0);

CyMMa yIJIOB TPeyroJbHUKA:
sa+ 46 + 2y < 1809

[lpoctpanctBo PST: cxumaerca
HEOJAHOPOJHO YU aHU30TPOITHO
OTHOCHUTEJIbHO c MoMeHTa BB
no Cr.
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpaHcTB-BpeMeH “ST u PST.
TemnepaTtypa ¥ SHTpONIUA

[lpocTpa”cTBO-BpeMs LST [lpoctpancTBo-BpeMs P ST
* Temmneparypa B MOMeHT BB - * Temneparypa B MOMeHT BB -
ropsyas; X0JIOZHA;
 JHuTponus “H yBenuunBaeTcd 10  Jurtponuda PH ysenn4yuBaeTcs Bo
L D
Lp, A°H . pp, ATH _\ 4.
crpese BpeMeHu T —— > 1; BpeMeHHU “T: - < |—1];
 JHuTponuda “H asngercd  Jurtponus PH asnserca
OTpHIATEJIbHOU 10 OTHOIIIEHHUH K OTpHIATEJIbHOM 10 OTHOILIEHHUIO K
suTponuu PH. sHTponuu “H.
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpadHcTB-BpeMeH “ST u PST.
FeomeTpus, 5-i MOCTY/IaT U METPHKaA

[IpocTtpaHcTBO-BpeMAa “ST

[eomeTpus Pumana (R) assiMnTr4ecKas;

[IATBIA MOCTyJ/IAT: B IJIOCKOCTU 4Yepe3
TOYKY, He JieXalllyl0 Ha JaHHOWU
psSAMOM, HeJb3s IMPOBECTU HU OJHY
JIMHWIO0, IapaJlJIeJIbHYI0 3TOU NPSAMOMU;

ApxumenoBa MeTpUKa.

B cucreMme M3MEepPEeHUU CH
paccToAHUe  U3MepAeTcd B M
(MeTpax).

[lpoctpancTBo-BpeMs P ST

leomeTpus JlobadyeBckoro-bosbsau (LB)
runepooJindyeckKas;

[IATbIA MOCTyJIAT: B IJIOCKOCTU Yepe3
TOYKY, He JieXKalllyl0 Ha JAaHHOU IPSAMOH,
MO>KHO IIPOBECTHU OecKoOHeyHoe
KOJINYECTBO JIMHUH, NapaJiJieJibHbIX 3TOU
[IPSIMOM;

HeapxumenoBa MeTpuKa.

OnpefeseHne pacctogHus B PST -
SABJISIETCS npeiMeTOM NaJbHENIINX
HccjaeJO0BaHUM.
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpadHcTB-BpeMeH “ST u PST.
Marepus, 3Heprua 1 tHpopManus

[IpocTtpaHcTBO-BpeMAa “ST
MaTepus I Macca

ITOJIOZKUTEJIbHAA (HJIOTHOCTb

MATEPHUH - HOJIO)KI/ITeJIbHaH);

CDOIZ)ME[ MaTEpHUHU LM: HYaCTHUL bI,

JHeprua: CE - MOJIOKHTesbHad
(MIJIOTHOCTD SHEPryuu -
[OJIOXKUTEJIbHAA);

Uudopmanus: “I - croxacTudeckas.

[lpoctpancTBo-BpeMs P ST

Autumatepus PM : mMacca -
OTpULaTeJbHaA (ILJIOTHOCTD
aHTUMaTepHUH — OTPULATe/IbHAA);

dopmMma aHTUMAaTepUU by
JlelleHTpaJIM30BaHHas (coryiacHo
TUNOTEe3e, PaCCMOTPEHHOU B JAaHHOU
CTaThbe — TONOJIOTUYECKHE COJIUTOHBI);

Jueprusa: PE - oTpuuaTeJbHas,
(IMJIOTHOCTB SHEpPruu -
OTpULIaTeJbHAs);

Uudopmanusa: PI - dpakranbhas.
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* JJiIeMeHTapHbIU

CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTHUKHU

npocTpadHcTB-BpeMeH “ST u PST.
JJiIeMeHTapHbIU 3JIEKTPUYECKUH 3apal q U N
3JIeMEeHTapPHbIX TONOJIOTHYEeCKUN MarHUTHBIU 3apAaa O

[IpocTtpaHcTBO-BpeMAa “ST

3JIEKTPUYECKHUU
3apsan  q byHJaMeHTaJIbHas
dbr3ndecKass IOCTOSIHHAasA, KBaHT
3JIEKTPUYECKOTO 3apsifia, PaBHbIU
3apaay 3JIEKTPOHA e
q= 1,602 - 1071° Kn (CW);

JJIeMeHTApHbIU  3JIEKTPUYECKUU

3apda, ¢ MOXeT CylLleCTBOBAThb B

DST Tonbko B BUuse gunona G- *;

[lpoctpancTBo-BpeMs P ST

TOI0JIOTUYECKUH
MarHUTHBIH 3aps/ 0" —
byHJaMeHTaJbHbIN bHU3UYECKUN
GAYKTYallMOHHBIA IapaMeTp, KBaHT
MarHUTHOTO 3apsjga (MOHOIIOJIb),
paBHBIN 3apsay MO3UTPOHA et B PST.
YucineHHoe 3HayeHue 67 Tpebyer
omnpejieeHHUs.

JJIeMeHTapHbIN

JJieMeHTapHbIN TOIOJIOTUYECKU U
MarHUTHBIN sapaz, 07 moxer
cymecTBoBaTb B “ST TOJNBKO B BHJe
numnosag 0 .
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTHUKHU

npocTpadHcTB-BpeMeH “ST u PST.
JJiIeMeHTapHbIU 3JIEKTPUYECKUH 3apal q U N
3JIeMEeHTapPHbIX TONOJIOTHYEeCKUN MarHUTHBIU 3apAaa O

[lpocTtpaHcTBO-BpeMsa “ST

3akoH KyJioHa, onpenensoliui CUIY
LF  peiicTByromyro Mexay [JByMs

TOYEYHbIMHU JIEKTPHUIECKHUMHU
3apA/laMHU:

L _ 1, 91-92 _ 1 .
F=k=5= (rne, k = );
PasHOMMEHHbBIE  3JIeKTpUYECKUE

3apAAbl — IPUTATHBAIOTCH;

OaHOMMEHHbIE 3JIEKTpUYECKHE
3apA/Jbl — OTTAJIKUBAIOTCS.

[lpoctpancTBo-BpeMs P ST

Tpebyerca  Havtu  3akKoH(bI),
onpegeaawomui(ue) cuabl PFq_c
JEUCTBYIOLME  MeXAy  JAByMA
TONOJIOTUYECKUMHU  MarHUTHBIMU
3apsJaMu 04 5| 6, ,
5KBHUBAJIEHTHBIN (€) 3aKOHY
Kynona B “ST;

PasHOMMEHHBIE TONOJIOTUYECKHE
MarHUTHbIE 3apsibl —
OTTAJIKUBAIOTCS;

OnHOMMEHHBIE  TONOJIOTUYECKUE
MarHUTHbIE 3apsbl —
IIPUTATUBAIOTCH.
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpaHcTB-BpeMeH “ST u PST.
JJIEKTPOMArHuTHbIE BOJIHbI (OMB) n
MarHUTO-COJIMTOHHBIE BOJIHbI (MCB)

[IpocTtpaHcTBO-BpeMAa “ST

JJleKTpoMarHuTHele BojHBI (OMB) ¢
IIEpPBUYHBIM 3JIEeMEHTAPHBIM 3JIEKTPUYECKUM
3aps/lOM M BTOPUYHBIM MarHUTHBIM 3apsa/0M
(3/1IeKTpOMarHUTHOE B3aUMO/efCTBUE):

* YpaBHeHUd MakcBeJia:

— a§—> B — -
rOtE——a E—;FOtH—]‘FE

—

H=—— divﬁ=p divB = 0
Ho K

[lpoctpancTBo-BpeMs P ST

MarauTto-cosimTonHble BojsHbI (MCB) c
IepBUYHBIM 3JIeMEeHTapHbIM
TOINOJIOTHYECKUM MarHUTHBIM 3apsfoM H
BTOPUYHBIM  3JIEKTPUYECKHUM  3apsfoM
(cunbHOE B3aMMOJENCTBUE):

TpebyeTcs HaWUTHU ypaBHEHUS],
ONUCHIBAKOIME MarHUTO-COJIMTOHHBIE
BosHbl B DST  SKBHMBa/JIeHTHble W
CaMOCOTJIaCOBaHHbIE C
MOAUQPUIMPOBAHHBIMU  YpaBHEHUSIMU
MaxkcBesisia B “ST;
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpadHcTB-BpeMeH “ST u PST.
®OTOHBI Y 1 TEMHbIE (POTOHBI Y

[IpocTtpaHcTBO-BpeMAa “ST

CeeT cocrouT u3 ¢QOTOHOB - ‘y (WM
MPOCTO }) MNEPEHOCYHKOB KBAHTOB i

sHeprud “E DJeKTpOMarHUTHbIX BoJH
(3MB);

®opMa poTOHA: YaCTHILILI MAaTEPHH;
Macca potoHa: m = 0;
JNeKTpudecKuu 3apag: q = 0;
CnuH: ;S = +1.

[lpoctpancTBo-BpeMs P ST

TeMHBIN CBET COCTOUT U3 TEMHBIX POTOHOB
- Py (uim mpocto ¥) nepeHocymKoB
TeMHbIX KBaHTOB % TemHoil snepruu PE
MarHuTo-coiuTOHHEIX BosiH (CHIBHOrO

B3aUMOJAEUCTBUS);

[J1100HBI - § ¥ MarHOHbI -ABJISIIOTCS
T€MHBIMH QOTOHAMH - V/;

®opma TeMHOro ¢OTOHA TONOJOTHYECKHUE
COJIUTOHBI aHTUMATEPUH;

Macca remHoro potoHa: m = 0;
MarHuTHBIH 3apaz; 0 = 0;

Cnuu: .S = +1.
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpaHcTB-BpeMeH “ST u PST.
CKOpOCTb CBeTa ¢ U1 TeMHOro ceera 1/¢

[lpocTpaHcTBO-BpeMd LST [lpoctpancTBo-BpeMs P ST

° CKOpOCTb CBeTa B BaKYYMe - C, ¢ CKOpOCTb TEMHOI'O CBeTa - C )

COCTOSIILET0 U3 TEMHbBIX GOTOHOB 7 -
cocroduero n3 94aCTull Cl)OTOHOB Y Tpe6yeT PICCJIe,Z[OBaHPIP'I, e e

- He MOKET MPEeBBIIIAT: ceoiicte PST, MmeTpuku 3ajarouieil
pacctosuue - PS , Bpemenu - PT, a
TaK)Ke TMOAXOAbI K OIpejeeHUI0

¢ = 299792458 M/c elMHULbI U3MepeHus - PT.
- B ajreope C abCOJIIOTHBIM
TOMUHAHTHBIM MHUHYCOM OHa

COOTBETCTBYET yCpeHEHHOMY
1

3HAYEeHUI0: C = —-
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CpaBHUTEeJIbHbIE CBOUCTBA U XapaKTEPHUCTHUKH

npocTpaHcTB-BpeMeH “ST u PST.

3aKOH BCEMUPHOTIO TATOTeHHd B “ST M ero sKBUBaJIeHT
3aKOH BCEMUPHOT0 aHTUTATOTeHUuA B PST

[lpocTtpaHcTBO-BpeMsa “ST
3aKoH BCEMHUPHOTI'O TATOTEHHUA
(3BT):

mg - mp
'F=-1G

R2
rjie, FpaBUTALMOHHAs IOCTOSHHAA
LG - orpunatennbHa

Lg = —6,67408 - 10711 m3kr—1¢c=2

Bce Tesia npuUTATUBalOTCA.

[lpoctpancTBo-BpeMs P ST
TpebyeTca HaWTH ypaBHEHUS [Jd

3akoHa(oB) BCEMHUPHOTO
AaHTUTATOTEHUS (OTTAJIKUBAHUSA )
5KBHBaJIEHTHbIE YpaBHEHHUIO,

onucbiBaouemy (3BT) B LST:
PR, ., =(.7..)

Bce Tesia oTTa/IKUBaAIOTCH.
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CpaBHUTEJIbHbIE CBOMCTBA U XapaKTEPUCTUKH
npoctpadHcTB-BpeMeH “ST u PST.

OG6pa3oBaHUe MAcCC ‘1M 4acTUL, MaTepuu B “ST U Macc

Dn

AeleHTPa/IM30BaHHbBIX 06beKTOB aHTUMaTepus B °ST

[IpocTtpaHcTBO-BpeMAa “ST
['unoresa:

Maccel “m 4dactuy matepun ‘M B ST
POXKAAIOTCA CUHXPOHHO B Tgyp.p W3
dbyHJaMeHTaJlbHO-CIENJIEHHBIX S4YeeK
TKaHeld INpOCTpaHCTB-BpeMeH ‘ST ¢
MCI0JIb30BaHUEM TOMOJIOTUYECKUX
3¢ PeKTOB MepenyThiBaHUsS TKaHeH
060MX HOpocTpaHCTB B ST . 3TH
TOIOJIOTUYECKUE MeXaHU3MBbl -
TPeOYIOT TJIYOOKUX MCCJIeNOBaHHUH Ha
OCHOBe (HU3UYECKUX TEeOpUHd KOC H
y3JI0B.

[lpoctpancTBo-BpeMs P ST

['unoresa:

Maccel ?m yactun matepuu PM B PST

POXKAAIOTCA CHHXPOHHO B Tgyp.p U3
byHJaMeHTa/JbHO-CLENIJIEHHbIX SYEeK
TKaHell HpocTpaHCTB-BpeMeH PST c
MCII0JIb3OBAHUEM TOIMOJIOTUYECKUX
53¢ bEeKTOB IepenyThiBaHHWS TKaHeH
ob6oux mpocTpaHcTB B ST . 3TH
TOIOJIOTUYECKUE MEeXaHU3MBbl -
TPeOYIOT TJIYOOKHWX HUCCJIEeA0BAaHHMH Ha
OCHOBe (QU3UYECKHMX TEOPHUH KOC H
y3JI0B.
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L D

O6pa3oBaHMe Macc ‘m yactun Mmatepuu B ST u macc Pm
AeleHTPa/JIN30BaHHbIX 06 beKTOB aHTUMaTepuu B °ST
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CpaBHUTEJIbHbIE CBOMCTBA U XapaKTEPUCTUKH

npocTpaHcTB-BpeMeH “ST u PST.

dopma MaTepuu B “ST B yc/I0BUAX rpaBUTALMU U popMa
anTuMaTepuu B ’ST B yc/10BUSIX aHTUTPAaBUTALUM.

[IpocTtpaHcTBO-BpeMAa “ST

JIrobad yacTUla MaTepUH,
poxxjeHHasd B ST U3 TkaHel 3TOro
POCTPAHCTBA, WCOBITHIBAET
neiicTBUe rpaBUTALUU 2005
B3aMMHOIO0 MPUTSXKEHUS CO BCEMH
CYLIeCTBYIOLIUMU 00beKTaMu B “ST.

COOCTBEHHO, MMEHHO 3TU
rpaBUTaLlMOHHbIE B3AaUMOJENCTBUSA U
nesaeT ee (GOpMy OKpPYyIVIOM -
npeBpaiias B 4aCTHILY.

[lpoctpancTBo-BpeMs P ST

CBoiicTBa aHTUTPAaBUTALUN
03BOJIAIOT BBbIABUHYTb TUIOTE3y O
dopme aHTuUMaTepuu B DPST
5KBUBAJIeHTHOM yacTunam B “ST.

[lo MHeHHIO aBTOpa, Takasg ¢opMa B
DST - gaBnserca Tomosiormyeckum
COJIUTOHOM, COCTOAIIMM M3 MaKeTa
IIOCTOSIHHO pacnajiarIuxcs 51
NBUTAIONIUXCSI B 00JlacTh CBOeH
JIOKQJIU3AILIUU 3JIEMEHTOB.
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CpaBHUTEJIbHbIE CBOMCTBA U XapaKTEPUCTUKH

npoctpaHcTB-BpeMeH “ST u PST.
dopma anTuMaTepuu B ’ST B yc/10BUAX aHTUIPaBUTALMH.

 Kimaccuueckoe omnpegesiedue coautoHa B “ST : COMHUTOH — 3TO

yeAUHEHHasT HeJMHEWHas BOJIHA, CYyIleCTBywllas OJarogaps
O0aslaHCy HEJIMHEMHOCTH U JUCIIEPCUM.

 OnpefieleHMe  TONOJIOTMYECKOro coJuToHa B PST 1o
ABmanymoBy: TONOJIOTMYECKMM  COJIMTOHOM -  ABJIAETCH
HeJIMHEWHAad BOJIHA paclpezesieHHad B MPOCTPAHCTBE-BPEMEHHU
oTpuLaTebHON KpuBu3HbI PST c oTpULaTebHON TpaBUTALUENH,
KOTopass BeJeT CebA KaK eJuHasl LeJOoCTHas XOpOIIo
yIpaBJsgeMass opMa aHTUMaTEPHH.
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CpaBHUTEJIbHbIE CBOMCTBA U XapaKTEPUCTUKH

npoctpaHcTB-BpeMeH “ST u PST.
dopma anTuMaTepuu B ’ST B yc/10BUAX aHTUIPaBUTALMH.

*C NprvMeHeHUEeM TIIOHATHUA  TOIOJIOTUYECKUX  COJIMTOHOB
CTAHOBSTCH IOHATHBIMHM SIBJIEHUS 06€3CTOJIKHOBUTEJIBHOIO
ABH>KEHUS He TOJIbKO B aTOME, B IJIadMe (yAapHble BOJIHBI), HO U
B JlaJleKoM KocMoce. Hamnpumep, 6e3CTOJIKHOBUTEJbLHOE
IBU>KEHUE TaJIaKTUK JpPYr CKBO3b JIpyra, OCHOBHbIE IPOILECCHI
KOTOpOTO NPOXOAAT B IpocTpaHcTBe-BpeMeHu U ST.

* DTU SBJIEHHWS - OCHOBaHbl Ha W3BEeCTHOM QaKTe, 4YTO IIpHU
OIlpe/ieJIEeHHbIX YCJI0BHUAX : BOJIHA MOXKET IPOXOAUTh CKBO3b BOJIHY
He Tepsd UMIYJbCa.
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocTpaHcTB-BpeMeH “ST u °ST.
dopma anTuMaTepuu B ’ST B yc/IOBUAX aHTUrPaBUTALHH.
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CpaBHUTEJIbHbIE CBOMCTBA U XapaKTEPUCTUKH

npoctpaHcTB-BpeMeH “ST u PST.
dopma anTuMaTepuu B ’ST B yc/10BUAX aHTUIPaBUTALMH.

OCHOBHBIE YpaBHEHHUA UMeEKIMe COJTUTOHHbIE PElIeHHU:
* KopreBera e Bpusa;

* cuHyc-l'op/10Ha;

* HeJIMHEeWHOe ypaBHeHUe [llpenuHrepa;

* XUPOThI;

* 3axapoBa.

deHOMEH COJIMTOHA 3aKJ4YaeTcd B TOM, UYTO €ro 3SHeprus
JIOKaJIN30BaHa B y3KOM 06J1acTH IPOCTPaHCTBa-BpeMeHu “ST.
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CpaBHUTEJIbHbIE CBOMCTBA U XapaKTEPUCTUKH

npoctpaHcTB-BpeMeH “ST u PST.
dopma anTuMaTepuu B ’ST B yc/10BUAX aHTUIPaBUTALMH.

B nocinegHue roJbl  pa3pabaThIBAlOTCA ~ KOJUYECTBEHHbIE  MOJIEJIH,
pacKpbIBaKWIe POJib TOMOJOTHYECKUX COJIMTOHOB B F€Hepaliy MJIa3MEeHHbIX
TOKOB M YCKOPEHUWHM 3aps>KeHHbIX YacTull, [24-28].

BBOAATCA TepMHHBI: «COJUTOHHBIE TOKHU» [22] U «COJUTOHHBIA TOKOBBIN
MeXaHU3M» U JIp.

YKazaHHble TeOpeTHYeCKHe MOJIeJIU TMpPeACKa3blBalOT HOBOE HeEOXKUJAHHOeE
CBOMCTBO TOIOJIOTUYECKUX COJIMTOHOB: OLHOCTOPOHHHUM IEpPEeHOC BellecTBa
(Macchl).

Jluteparypa: ®. M. TpyxaueB (OMBT PAH), M. M. Bacunbes (MOTH), 0. .
[TetpoB (bPY), «ConmuToHHBIE TOKU» (0030p), 2020.
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[eomeTpUYeCKHe OCHOBEI CITUHA +5

CodoKyCHbI€e 3JIMIIChI ¥ TUIIepO0JIbl. XOpOIIO U3BECTHBIN
MaTeMaTU4eCKHMH QaKT 0 TOM, UTO NepecedyeHrue COPOKYCHBIX 3JITUIICOB
Y rurepOoJ1 — Bcerga B3auMo-NeprneHAUKYIAPHO, CIYXKUT OCHOBOM i
omnpepesieHUs reOMeTPUYECKOU COCTABJIAIOIIEH TOHATHUSA CIIUHA ,S.
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[eomeTpHYecKre OCHOBBI CIIMHA ;5

YeThIpe BOSMOKHBIX FeOMETPHYECKHX PacIoJIOKEHHH CIIMHa .S,
KOTOpbI€ ABJAIOTCA TOYKaMH YCJIOBHBIX TepecedyeH i B Tpex
MPOCTpaHCTBaX-BpeMEHH: OKPY:KHOCTH B ‘ST, ajunca B “ST u

NpoeKLuii coPpOKYCHBIX C 3/HMICOM —- runep6os B ST va/B 4ST. 49



OnpegesieHue CIMHA 5

OO11ee onpeiesieHHeE CIIMHA ;S

CouH S - 3TO «OKHO MpPO3pavyHOCTHU» BO3HHKawIlee B AOCOJHOTHOM
npocTpaHcTBe-BpeMeHu “ST B Tsyncn MEXJy 4YacTUIEd MaTepuH Im
bepMHUOHOM (MJIA YACTULEW INEPEHOCYUKOM B3aMMOJEHMCTBUM OO30HOM) B
MpoCcTpaHCTBe-BpeMeHU ST W ee MapTHepOM yacTULedl aHTUMaTepuu °M
dbepMHMOHOM (MJHA 4YaCTULEW IEePEHOCYUKOM B3aUMOJEMCTBUM TEMHBIM
6030HOM) B mpocTpaHcTBe-BpeMeHU PST korzaa Mexay (GyHAaMeHTalbHO-
ClelJIeHHBIMU YacTUIlel MaTepuu “M U ee mapTHepa 4acTULel aHTUMaTepUH
PM cranoBuTCA BO3MOXHBIM:

* uaeasbHoe (60e3 NoTEPb) 0OMEHHOE B3aUMO/EUCTBUE;

* cuHXpoHUu3auus spemeH ‘T u PT;
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CnuH GEepMUOHOB ;S U
nuaeaJbHOE 0OMEHHOE B3aUMO/IECTBUE

Oco6eHHOCTH HI€a/IbLHOTO 0O0MEHHOT0 B3aUMOJIEHCTBUA Y PEPMHUOHOB:

Bo

BpeMAd HAE€AaJIBHOI'O OOMEHHOTI0 BBaHMO,ﬂeﬁCTBHH y (l)epMI/IOHOB

IPOUCXOAT CAEAYIOIIME MMSATh ONlEPaLUH:

1.

. llpoucxoaut cuaxpoHusauus spemen ‘T u PT.

JJleMeHTAapHbIM TOYEYHbIM 3JIEKTPUYECKHUH 3apsAh 3JIeKTPOHa g_ B LST
npeo6pasoBbiBaeTcs B gunoab B PST (T.e. y mosutpoHa B PST ectb
COOCTBEHHBIN 3JIEKTPUYECKHUH MOMEHT);

. JJleMeHTapHbI TOMOJOTMYEeCKUI MarHUTHBIN 3apsAf nosutpoHa 0 B PST

npeo6pasoBbiBaeTcd B Aunoab B ‘ST (Te. y asekTtpoHa B ST ecTb
COOCTBEHHbIM MAarHUTHBIX MOMEHT);

. DJIEKTPOH U NO3UTPOH 06MEHUBAIOTCS CBOUMU uMnysabcaMu “P u PP;
. JJIEKTPOH H TNO3UTPOH OOMEHHBAKTCA CBOMMH HHPOpPMaLUIMHU

croxacTudeckoil “I u ppakranbHoii PI, cOOTBETCTBEHHO;
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t

CnnuH pepMHUOHOB B aTOME

oZ1H 060poT GpepMUOHOB YacTul, “M u t — conutoHoB PM no op6uTtam

KOJINYEeCTBO MOMEHTOB MaKCUMaJIbHOTO COJIMKEHUS HpOQKL[I/Iﬁ

=+

N | =
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CnnuH pepMHUOHOB B aTOME

g _ oA 060poT pepMHOHOB YacTul, “M u t — conutoHoB P M no op6utam N 1
‘ KOJINYEeCTBO MOMEHTOB MaKCUMaJIbHOTO COIMKEeHUS IPOeKIUi —2




CnnvH ¢epMHUOHOB BHE aTOMa
JleBad U IpaBasi ClIMPaJIbHOCTb

KoHuenuua gBuxkeHna cBobogHbix (BHe atToma unm aapa) pyHaameHTaNIbHO-CLEN/IEHHDbIX
$depMHNOHOB: 3/1eKTPOHa (YacTUL,bl) NO OCLUANNPYIOLWMM HE3AMKHYTbIM 3/I/IMNTUYECKUM
op6utam B ST 1 nosutpoHa (t-conuToHa) No ABYM BO3MOKHBIM OCLUAINPYIOLLUM
He3aMKHYTbIM runep6oanyeckum t-conmToHHbIm opbutam B °ST ¢ ucnonbsosaHnem
oAHOI BeTBU runep6onbl.
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CMH 6G030HOB ;S U
nJeaJlbHOE OOMEHHOE B3aUMO/IEHCTBUE

Oco0eHHOCTH HAEaIbHOTO 0OMEHHOT'0 B3aHMO/€iCTBUA ¥ 6030HOB:

Bo BpeMsi wujeanbHOro OOMEHHOTO B3aUMOJEWCTBUS y (GOTOHA Yy U
byHAaMeHTaJIbHO-CLIEMIJIEHHOTO C HHUM TeMHOro ¢GoToHa Y MNPOUCXOAST
caejylolye JiBe onepaluu:

1. Bo30HBI 06MEHMBAIOTCA CBOMMHM HHG(OPMALMUSAMU CTOXacTudeckod ‘I wu
¢paxTtanbHoi PI, cooTBeTCTBEHHO;

2. Ipoucxogut cuaxpoHusanusa spemed “T u PT.
OZIMH 060pOT 6030HOB “M 1 TemHbIX 6030H0B PM 10 op6uTaM

S = - =11
t KOJINYECTBO MOMEHTOB MaKCHMaJIbHOTO COJIM>KEHUS [IPpOEKIHNH
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CriuH 0030HOB
JleBad U IpaBad CIUPaJbHOCTb

KoHuenuua guxkeHua pyHaameHTaNnbHO-cUuen/ieHHbIX 6030HOB: POoTOHA (Y4acTUubl)

MO OCLUIMPYIOLLUM HE3AMKHYTbIM 3ANUNTUYECKUM opbuTtam B ST u TemHoro ¢potoHa
(t-conuToHa) no ABYM BO3MOXKHbIM OCLUAIMPYIOLLUM HE3aMKHYTbIM runepbonnyeckum
t-conutoHHbIM opbutam B ’ST ¢ ucnonbsosaHuem Betseii 06enx runep6on.

56



CamMocorJsiacoBaHHas 4YacCTHILle-COJIUTOHHAa
MO/JieJIb aTOMa U gJipa Bogopoaa (IpOTHs)
B Tpex pocTpaHCcTBax-BpeMeHu ST, 'ST, PST

B s1060#i MOMeHT T s, B “ST aeKTpuyeckas cula npuTsxeHust “F ('t), neficTBylomas MeX/Ay 3J1eKTPOHOM
(yacTuieil) 1 npoToHoM (YacTuiei) B 'ST - sKkBHBaJieHTHA COBOKYIIHBIM MarHMTHBIM CHJIaM OTTaJIKHBaHUSA
PF;(Pt), meficTByrom M Mex/y TO3UTPOHOM (-COIMTOHOM) H aHTHIIPOTOHOM (t-coiuToHOM) B °ST. B 061meM
caydae spa (IIPOTOH M aHTUIPOTOH) He 06513aHbl HAXOJUThCA B IIEHTPE U PasMelleHbl TaM - JJIs HaIAAHOCTH.
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CaMocorsiacoBaHHasd 4yacTHlle-COJIUTOHHAad
MOJleJib aTOMa U spa BoAopoaa (IMpoTus)
B Tpex NpocTpaHcTBax-BpeMeHnu ST, ST, PST

[IlpocTpaHcTBO-BpeMs ST [lpocTpaHcTBO-BpeMmd UST
JJIEKTPOH __ Tsynch <« [103UTPOH
-13,6 3B ) dyHaMeHTaIbLHAsA-
CLIETNJIEHHOCTD
Cuaa F F Cuia
MPUTKEHUSA IIp. OTT. OTTAJIKUBAaHHUA
Tsynch
lpoToH dyHaaMeHTaIbHasA- AHTHIIPOTOH

CLIeIIEHHOCTD
BriBo/;: OTpHIIaTe/IbHas IHEPrys 3JIeKTpoHa B “ST: —13, 6 3B mpossiseTca
3a CYET PA3HOCTHU 110 MOAYJIIO MEXy IOJIOXKUTEJIbHOU S3HEPTrHUen 3JIEKTPOHA
B /ST wm oTpunaTesbHOM 3Heprueil nosutpona B PST. o8



CaMocorylacoBaHHasl YaCTUulie-CoJIMTOHHas
MOJleJib aTOMa BoZopo/ia (IIpOTHSs )
B Tpex NpocTpaHcTBax-BpeMeHu ST, ST, PST

Buneo
3:00
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CamMocoryjiacoBaHHad 4yacTUlle-COJIUTOHHas
MOJieJib aToMa BoJopoJa (IIpOoTHs)
B TpexX NpocTpaHcTBax-BpeMeHu “ST, 'ST, ST

[IpocTpancTBo-BpeMs ‘ST
J/IeKTpOoH: (popMa MaTepHUH ) YaCTHUIIA

2 2
mv lw
IlosiHada sHeprud: E = >t

m, = 9,1093837015 - 10731 kr

g, = 1,602176634 - 10~1° Kn

M = —9,2847647043 /Ixx/Tn
v, = 2,18-10°m/c

Fopa = 0,5291772086 - 10710
T =1,52-10"16¢

Tsynch = 0,76 - 1071 (BBIp. B CeK)

[IpocTtpancTBo-Bpemsa VST

[TosuTpoH: (popmMa MaTepun) T. COIMTOH

ApantuBHbie* popmMyiibl:

mz = —9,1093837015 - 1073 (BhIp. B KTI)

» E =7 3/1eKTpUYEeCKUH MOMEHT

0; = ? 3JleMeHT. MarHUTHbIU 3apsa/

1

’v~ —
€  137,035999084
B H - TOCTOSIHHAsA TOHKOH CTPYKTYPhI .

CKOPOCTb ITIO3HUTPOHA

T =1,52-1071° ¢ (BoIp. B cek.)

Tsynch = 0,76 - 1071° (BBIp. B CeK)
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CaMocoryjiacoBaHHad 4acTUIe-COJIUTOHHAd
MOJieJIb aTOMa reJivs
B Tpex NpocTpaHcTBax-BpeMenu ST, ST, PST

Buneo
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CaMocoryjiacoBaHHad 4acTUIe-COJIUTOHHAd
MO/JieJib aTOMa lapareJjus
B Tpex NpocTpaHcTBax-BpeMenu ST, ST, PST

Buneo
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CaMocoryjiacoBaHHad 4acTUIe-COJIUTOHHAd
MOJieJib aTOMa OpTOreJius
B Tpex NpocTpaHcTBax-BpeMenu ST, ST, PST

Buneo
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CaMocorJiacoBaHHasd 4aCTULe-COJIUTOHHAd
MOJieJib aTOMa JINTHUS
B Tpex IpocTpaHcTBax-BpeMenu ST, 'ST, PST

Buneo
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CaMocoryjiacoBaHHad 4acTUIe-COJIUTOHHAd
MOJIeJIb aTOMa OepHUJIIns
B Tpex NpocTpaHcTBax-BpeMenu ST, ST, PST

Buneo
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OyHamMeHTa/IbHbIE B3aUMOAENCTBHUS B
npocTpaHcTBax-BpeMeHu “ST u ST

[IpocTtpaHcTBO-BpeMs LST

IlpoctpaHcTBo-BpeMd PST

['paBUTAIIMOHHOE B3aUMO/IENCTBUE

AHTUTpaBUTALMOHHOE
B3aMMO/JIEMCTBHE

JJIEKTPOMAarHUTHOE

B3aMMOJIEMCTBHE

3JIEKTPUYECKOE ITIEPBUYHOE
(s/ieMeHTapHbIE TOYEYHbIE
3JIEKTPpUYECKUE 3apsibl);

MarHUTHOE BTOPUYHOE
(3/ieMeHTapHbIM MAarHUTHBIX 3apsi[
OTCYTCTBYET U IPUCYTCTBYET TOJILKO B
BU/JE IUII0JIA)

MarHuTo-COJIUTOHHOE (CUJIbHOE)
B3aMMOJIEMCTBHE
MarHUTO-COJIUTOHHOE IIEPBUYHOE
(s;ieMeHTapHbIE TOMOJIOTUYECKUE
MarHUTHBbIE 3aps/bl);
3JIEKTPUYECKOE BTOPHUYHOE
(sasieMeHTapHbIU 3JIEKTPUYECKUU
3apsiJi OTCYTCTBYET U MPUCYTCTBYET
TOJIBKO B BUJIE€ JUIIO0JIS)
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OyHamMeHTa/IbHbIE B3aUMOAENCTBHUS B
npocTpaHcTBax-BpeMeHu “ST u ST

[IpocTtpancTBo-BpeMd ST IlpocrpaHcTBO-BpeMs ST

 HneasbHOEe 0OMEHHOE B3aUMOJIEUCTBHE

« (Csaboe B3aMMOJeHCTBUE

* CkangpHoe T1oJie JHrJiepa-bpayra-

Xurrca - gaBJjisieTcsd pyHaMeHTaJlbHbIM
a TakKXe OCHOBOM /Juid CJlaboro
B3aHMMO/JIEUCTBUS

AHHUTUIAIIMOHHOE B3auUMOJelCcTBUe
(BO3HMKaeT MNpU MIPOHUKHOBEHUH
TOIOJIOTUYECKUX COJUTOHOB U3 PST B
“ST u CPT-npeo6pa3oBaHUN)
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AHHUTHUISILIMOHHOE B3aUMOJIEUCTBUE
[[lesb MexAy: pocTpaHcTBaMu-BpeMeHaMu “ST u ST

[IpocTpaHCcTBO-BpeMs [IpocTpaHcTBO-BpeMs
I10JIOXKMTENIbHON KPUBU3HBI OTpHILIATEIbHON KPUBU3HbI
Gap

o _ 14 ] +
)4
TpaBHTamHs CPT AHTHrpaBUTaLUA

BemectBO AHTUBEILECTBO

TSYNCH

dyHaaMeHTa/IbHAsA
CLIeIJIEHHOCTD

@ YacTuue: &  CoJIMTOHBI
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[Tlos1g ¥ peobJIaiarolIye MPOLLECChI
B IpocTpaHcTBax-BpeMeHu “ST u ST

[IpocTpaHcTBO-BpeMs ST

I[IpoctpancTBo-BpeMd PST

* 3JIeKTpUYecKoe oJjie (IepBUYHOE)

* MarHuTHoe noJjie (BTOPUYHOE)

OO6pa3yloT: KBa3W 3JIEKTPOMarHMUTHOE IIOJie C
npeo6/1afaromuM MPOLEeCCOM JIMHEHHOTO
OZAHOPOAHOTO paClIMpeHUs U  HU3Jy4eHHUs
3JIEKTPOMarHUTHLIX BOJIH (OMB)

* MarHMTO-COJIMTOHHOE NoJie (IIepBUYHOE)

* 3JIeKTpHUYECKoe noJie (BTOPUIHOE)

O6pa3yioT: KBa3u MarHMUTO-COJIMTOHHOE I0Jie C
npeo6/IajalolidM  MPOLIECCOM  HEJUHEHHOro
HEOJHOPOAHOTO CKaTUA M aAKTHBHOIO
IOIVIOIEHMS MarHUTO-COJIUTOHHBIX BOJIH (MCB)

A6CoJII0THOE IPOCTPaHCTBO-BpeMs ST

B pe3ysibTaTe B3aMMOAEUCTBHA 3THX JABYX KBa3UIOJIEH, C yieTOM 3¢ PeKTa CIIUHA U

HAeaJIbHOTO OOMEHHOI'O B3aHMOJICHCTBHA B

AST B Tsyncn, OGpasyercs

SJIEKTPOMAIrHUTHOE MATrHUTO-COJIMTOHHOE CAMOCOIJIaCOBAHHOE€ I10J1€
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CaMocCoI/IacOBaHHbIe YPaBHEHUS U 3BOJIOL S
TKaHel npocTpaHcTB-BpeMeH “ST u PST

HpOCTpaHCTBO-BpEMH LS T HpOCTpaHCTBO-BpEMH = ST
1.1 _1
K-w:S . i __K w S
Gr - t - D GT —_ 1 S l
t 1%

HO.}IyLIeHHbIe CaMOCOIN1TaCOBaHHbI€ YPaBHEHHUA NAdOT HaAM 6oraTy}0 PIHCl)OpMaLU/I}O AJIAd aHaJIn3a U

. 1
IOCTPOEHUsl PA3JUYHbIX paboyux Mogesell rpaBuTauuu G, B “ST ¥ aHTUrpaBUTALUU —- B
r

DST, a Taxske ny1a npoBeieHNsa NIpaKTHYECKUX SKCIIEPUMEHTOB.

Tak HampuMep, ecad Mbl 3afafuM B “ST KBaHT paclIMpeHHUs [/ B3aMMO3aBMCHMOW MNapkl
apaMeTPOB: KPpMBU3HA W WU PaAyC-PacCTOSSHUE S , TO Mbl IOJIYYUM TEMIT BDEMEHHU £ U CKOPOCTb
M30TPOITHOTO ¥ OJJHOPOAHOIO pacCIIupeHUs V.

Jlna PST B Busy ero HeOIHOPOAHOCTH M aHU30TPOIMHOCTH MBI IOJYYMM NATh KBAHTOB CKAaTHSA
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[[puHIMIIBI IBUXKEHUA MaTepHUaJIbHBIX TeJl
B IpocTpaHcTBax-BpeMeHu “ST u ST

[IpocTpaHcTBO-BpeMs ST [IpocTpancrso-Bpemsa °ST
* B [IPOCTPAHCTBe-BpeMeHu °* B IIPOCTPAHCTBE-BPEMEHU
[IOJIOKUTEJIbHOM  KPUBHU3HBI  JJIA OTpHULIATEJIbHOM  KPUBHU3HbI  JJIA
YaCTUII C [10JIOKUTEJIbHOU t -COJIMTOHOB C OTpUIATEJbHOU
[IJIOTHOCTbXO MaTEPUU UM ISHEPruu [IJIOTHOCTbIO MaTepUHM U ISHEPruu
pu JBUXEHUU peasiu3yeTcs pu JBU>KEHU U peasiu3yeTcs
IIPUHLUI HAUMEeHbLIEero AeuCTBUsA INPUHLMII HAUOO0JIbLIEro AeiCTBUSA

[I[pUHIUUIIBI HaWMEHbIIEro JAeWCTBUA [Jid 4YacTHL, MaTepUu B LST wu
HauOOJIbIIEro JeWMCTBUA [AJd t -COJIMTOHOB aHTUMaTEpPUMU B DST  ux
dyHJlaMeHTaJIbHasA-CLEeIIJIEHHOCTb KW CaMOCOIJIACOBAHHOCTh B /JIBUXKEHHUU
OTKpbIBAe€T  IIUPOKHWE  BO3MOXHOCTH  [OJiAd  IIOCTPOEHHA  TOYHBIX

MaTeMaTHU4eCKUX Moje el JBI>KeHHUs B IpocTpaHcTBax-BpeMeHu “ST u PST.
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YpaBHeHu4 lllpeguHrepa

T "’ AY + U

InN——= ——

ot 2m0

O CTaI_[I/IOHapHOe M BpEeMEHHO€ YpaBHEHHA H_Ipe,qI/IHrepa OIIUCBIBAKOT COCTOAHUA
CUCTEMBI (1)YH,ZLaMeHTaJ'IbHO-CL[el'IJIeHHbIX 3JIEKTPOHA YaCTHULbI B LST U t-COJIUTOHA

(s-o6s1aka) nosutpoHa B PST.

* B npuBesieHHOM Bbille BpeMeHHOM YypaBHeHuHM Illpenunrepa, Bpemsa ( ‘t)
NPOABJAETCA KaK [POU3BOJAHAA IMEepBOro IMoOpdJKa, a IPOCTPAHCTBEHHBIE
koopguHaThl (B PST wau npoekuuu PST na “ST) BblpakaroTcs Kak NpPOU3BOJAHbIE
BTOpPOT0 Mnopsjka. TakuM 06pa3oM, B ypaBHeHHHU lllpeguHrepa mpoCcTpaHCTBO U
BpeMd — Pa3HOPO/HBI, TO eCTh IPUHAJIEXAT Pa3HBIM IIPOCTPAHCTBAM-BpEMEHAM.

 KoMniekco3sHayHasgd BOJIHOBass QYHKOUA Y - SBJASETCI MaTeMaTUYECKHUM
MHCTPYMEHTOM, IMPEJOCTABJISAIIIMM HEKOTOPYI CTAaTUCTUYECKYID M HHYIO
MHPOpPMaLMIO O ABUXXeHHEe QYyHAaMeHTaJbHO-CIENJIEHHOTO t-COJUTOHA (S-006/1aKa)
MO3UTPOHA 110 TUIIeP6OIUYECKUM t-COTUTOHHBIM op6uTaM B UST.
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YpaBHeHUd /lupaka

1
E = +(m2c* + c¢2p?) /2
° YpaBHeHI/Ie [[I/IpaKa MOKHO MUHTEPIIPETHUPOBATDb KdK OIIMCbIBAKOIIEE€ CUCTEMY

peNATUBUCTCKUX QYHAAMeHTaJbHO-CLellJIEHHbIX 3JIeKTPOHA YacTULbI B “ST
C MOJIOXKUTEJbHOU MACCOU U MOJIOXKUTEJbHOU 3HEPrUeH, C ABYMSA TOYKAMU

1
JIOKaJIM3aLHUH CO CIIMHOM (S = - B AST w nosutpoHa t-conutoHa B PST c
OTpULIATEJIbHOU MaCCOU U OTleuaTeJIbHof/’I 3Heprveu, ¢ ABYMsS TOYKAMH
JIOKaIM3aLHH1 CO CIIMHOM ,§ = +- B AST.

* PemeHnss ¢  MOJIOXKUTEJbHBIMU  3HAa4YE€HUSIMH  3TOTO0  YpaBHEHUS
COOTBETCTBYIOT 3JIEKTPOHY 4YacTule B “ST, a pellleHUd C OTPULIATEIbHbIMU
3HAaYeHUSIMHU YpaBHEHUA JlMpaKa COOTBETCTBYIOT IO3SUTPOHY t-COJINTOHY
C OTPULIATEJIbHOW IIJIOTHOCTbO MaTEPHU M 3SHEPrud B IPOCTPAHCTBE-
BpeMeHHU OTpUljaTeJbHOM KpuBu3HbI PST.
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[IpyHLMD HeonpeaeaeHHOCTU ['en3enbepra
B IPOCTpPAHCTBe-BpeMeHU ST

 [IpyHUIMII HeonpeJesieHHOCTHU ['er3eHOepra: Ax - Ap = h, 1erCcTByeT TOJIbKO,
eCJIU HUCcieZloBaTe/lb OTpaHUYMBaeT ceb6 paMKaMHM POCTPAaHCTBA-BpeEMEHHU
LST. [leficTBUTe/IbHO, B 3TOM C/y4ae NPU HAXOXJEHUHU TOYHBIX KOOPAUHAT
3JleKTpoHa B “ST, ero 6yAyuUuii UMOY/IbC JO MOMEHTAa O4epeJHON TOYKH
JIOKaJIM3aliiy - HaXO04UTCA B pocTpaHcTBe-BpeMeHu PST u nndopmanus o
HeM HeollpeeJieHHa.

* B ciay4ae, ecau ucclefoBaTesNb BBIXOJUT 3a paMKA ST Y TPOBOAMT
MU3MepeHUs B 060MX mpocTpaHcTBax-BpeMeHU ST u PST - cMHXpOHHO B
Tgynch: COCTOSIHMSI 3ieKTpoHa B “ST u cocTostHust mosuTpoHa B ST c
MCII0JIb30BAHUEM BCeX 6 M3MepeHUU (4 MPOCTPAaHCTBEHHBIX U 2 BDEMEHHDIX)
11 KaKO0T0 IMPOCTPAaHCTBA-BpeMEHH, TO OH MOXET IOJIYYWUThb JIHOOYIO
TpebyeMy UHQOPMALIUIO C aOCOJKTHOU TOYHOCThIO.
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[IpyHI M HeonpeZeJieHHOCTU ['en3eHbOepra
B IpocTpaHcTBax-BpeMeHu ST u PST - He felicTByeT
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JKCIIEPHUMEHT C ABYMS 1LEeJISIMU.

KadecTBeHHbIe XapaKTepUCTUKU NIpocTpaHcTB-BpeMeH “ST u ST

[IpocTpaHcTBO-BpeMs ST
ropsiuasi TeMmneparypa
yacTula
$OoTOHBI (CBET)
3JIEMEHTAPHbIU 3JI-YECKUM 3aps
pacuiupeHue
U3JIyYeHHE
MJIOTHOE
cToXacTH4YecKas MHpopManusi

BEPOSATHOCTHBIM MUP

[IpocTpaHcTBo-Bpemsa VST
X0JIOHAA TeMIlepaTypa

BOJIHA

TeMHbIe POTOHHI (ThbMa)
3JIeMEHTAPHbIU MAarHUTHBIN 3aps/
cKaTue

aKTUBHOE IOIJIOLeHHE
pa3pexxeHHoe

dpakKkTaJibHasA UHPOpMaI U
npenonpenejeHHbld MUP
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JKCIIEPUMEHT C IBYMH IIEJAMU.

OyHnaMeHTaJIbHAA-CLENJIEHHOCTb MEX/AY 3JIEKTPOHOM € U IO3UTPOHOM €

J/IBorHada
eJib
B DST =

B »
S
['eHepaToOp 3/IEKTPOHOB € _ -

B LST I/IHTep(l)epeHL[I/IOHHaH\

KapTHUHA

JKpaH

[Ilpy ABMXKEHUM 3JIEKTPOHA YacTHIbI MaTepud 06Ja[AI0IIEro CTOXaCTHYeCKOU
MHpopMalMel, KOTOpblk ¢yHAAMEHTa/JbHO CIellJleH CO CBOUM MapTHEPOM
IO3UTPOHOM t - COJIUMTOHOM aHTHUMaTepuHu, obJafarwIM ¢paKTaJabHON
MHPopManued 4Yepe3 JIIOOYyHD U3 [JBYX IleJied - KOHEYHBbIM pe3y/bTaT
9KCIIEpUMEHTa 3aBUCUT OT Ka4YeCTBEHHBIX XapaKTEPUCTHK M COOTBETCTBYIOLIUM
MM BeCOBBIM KO3QPHLIIeHTaM. 77



CHJIbI HHEPIUU - KaK JBYXKOMIIOHEHTHEIE
B3aMMOIeMCcTBUSA YyacTull B “ST ¥ comuToHOB B PST

B Tpex mpoCTpaHCTBEHHO-BpeMeHHOW BcesleHHOH CU/IbI MHepLUU HaXOAST
OTHOCUTEJbHO  IpPOCTOe  OOGbACHeHHWe, KaK  JBYXKOMIOHEHTHBIe
B3aMMO/IeHCTBHA TeJl COCTOSILIMX U3 9acTUIl MaTepuu B “ST U TOMOJIOTUYECKUX
COJIUTOHOB aHTUMaTepuu B UST.

BakHO OTMEeTHUTb, YTO YaCTHUIlbl MATEPUHU B LST v Tomosoruyeckue coIMTOHBI
aHTHUMaTEPUU B DST umeror usaMeHsIOmIMecd, KaXKblil B CBOeM BPEMEHH,
HanpaBJIeHUd HUMIYJAbCOB. [[oMUMO 3TOro B COOTBETCTBUM C MNPHUHIMUIIOM
MHUHHMyMa IIOTEHLUAJbHOW 3SHEPrUM CTPEMSATCH: YaCTULBbI K IIOKOIO, a
TOIOJIOTUYECKHE COJIMTOHBI K IBUXKEHHIO.

[Tog Takoe ABYXKOMIIOHEHTHOE B3auMMO/JlelCTBUE MOANaal0T Bce 4 BUJIA CHUJI
UHEPIUU: IPAMOJIMHENHOE YCKOPEHHOE, I[EHTPOCTPEMUTEJILHOE,
IleHTpoOexHad, 1 cuia Kopuosuca.
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KBaHTOBasi 3alyTaHHOCTb JBYX WUJIU 00Jiee
4YaCTHI] B IPOCTPAHCTBEe-BpeMeHH “ST

PaccmoTpuM, peHOMeH KBaAaHTOBOW cuemeHHOCTH QE Jo6bix aAByx (Mau
6oJiee) yacTul Mmatepuu B “ST ncxogsa us TSSCU:

* BpEMEHHU CHHXPOHU3aUHUH T sypcp

* 0000LIeHHBIX KOMILJIEKCHBIX YHCEJI

* MeXaHH3Ma CIIMHA ;5

* HeaJIbHOro 0OMEHHOI'0 B3aUMOeHCTBHSA
* pyHJaMeHTaJIbHOM CLeIIJIEHHOCTH

[IpeamnosioxkuM, 4YTO B pe3yJbTaTe HaIIUX JAeWCTBUHA 00pas3yrTcd JBa
CBOOOAHBIX (BHE aToMa) 3JIeKTpOHA €y U e, B ST , KOoTopble C MO3ULUU
COBpEMEHHOW (PHU3UKH HMEKT CyMMapHbIM CIOWUH paBHbIK (0. JJIEKTPOHBI
pasJieTalTCda B pa3Hble CTOPOHBI (CM. Prc. Ha cTp. 80) co ckopocCThiO CBETA C.
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KBaHTOBasi 3alyTaHHOCTb JBYX WUJIU 00Jiee
YaCTHI] B IPOCTPAaHCTBEe-BpeMeHH “ST

[IpocTpaHcTBO-BpeMs “ST IIpocTpaHcTBO-BpeMa PST

€

1
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KBaHTOBasi 3alyTaHHOCTb JBYX WUJIU 00Jiee
4YaCTHI] B IPOCTPAHCTBEe-BpeMeHH “ST

O6a 3s1eKTpoHa — ABJASAKTCA KBaHTOBO cuerieHHbIMHU (QE). C mo3unuu TSSCU
3TO O3HayaeT, 4YTO MOMEHTbl CIHHOB (TOYEeK JIOKAJM3alMh) y O0O00HuxX
3JIEKTPOHOB 6bUIM CHHXPOHU3HPOBaHbl BO BpeMEHH CHHXPOHU3AUMHU T gy, -

U3 3TOro cieayer, 4To:

MHHMoOe Trumepbosnyeckoe BpeMs ;t; 3JIeKTpOHa e; B ST u MHHMoe
3JUIUIITUYECKOe BpeMs ;f{IO3UTPOHA €1 - 0O6pa3ylT MICHOBEHHBbI MHUMbBIN
KaHaJl CBA3M.

MHHMMoOe Trumnepbosudeckoe BpeMs ;t, 3JIeKTpoHa e, B ST u MHHUMOE
3JUIUIITUYECKOEe BpeMsd ;t{MO3UTPOHA €, - 0O6pa3yrT MICHOBEHHbI MHUMbBIU
KaHaJl CBSI3U.
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KBaHTOBasi 3alyTaHHOCTb JBYX WUJIU 00Jiee
4YaCTHI] B IPOCTPAHCTBEe-BpeMeHH “ST

[Ipy >3TOM MrHOBEeHHAad CBA3b MeXAy [ABYMA 3JIEKTPOHAMU: MHUMBIM
runepoo/iIM4eCKUM BpeMeHeM ;t; 3JIEKTPOHA €14 MHHUMBIM I'Mnepo60/IM4YecCKUM
BpeMeHeM ;f, 3JIeKTPOHA €, - HAMIPSIMYIO OTCYTCTBYeET, TaK KaKk MHOpMalvs B
IpoCTpaHCTBe-BpeMeHU ST gBJseTcs CTOXaCTUYeCKOH.

A, MTHOBEHHAasl CBSI3b MEXy ABYMS IMO3UTPOHAMH: MHUMBIM 3JIMIITUYECKUM
BpeMeHeM ;l; TIO3UTPOHA €1 U MHUMBIM IJUIUIITUYECKUM BpPEMEHEM
it, TO3UTpOHA €, - BIOJHE BO3MOXHA, II0CKOJIbKY WHpoOpMaLusa B
npoctpaHcTBe-BpeMeHU PST saBaseTcsa ppaKTaabHOM.

TakuM 06pa3oM, MFHOBEeHHasl CBA3b MeXAy [ABYMs 3JIEKTPOHAaMU €; U e,
OCyIeCTBJIsIeTC 4epe3 WX (QyHAAMEHTaJIbHO-CLEIJIEHHbIX HapTHEpOB:
IO3UTPOHOB €4 U é,Haxoamuxcs B PST.
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KBaHTOBasi 3alyTaHHOCTb JBYX WUJIU 00Jiee
4YaCTHI] B IPOCTPAHCTBEe-BpeMeHH “ST

AT - MHUMOe mapabosindecKkoe BpeMs)

€1 ;t; it1 €1

€ il2 it2 éZ

Bpems cunxpouusanuu 7Ty, ., AJ15 ABYX 3ally TAHHBIX 3JIEKTPOHOB B Lst
Y UX IAaPTHEPOB ABYX N03UTPOHOB B PST - AB/eTcsa OAHO TOXe. 83



KBaHTOBasi 3alyTaHHOCTb JBYX WUJIU 00Jiee
4YaCTHI] B IPOCTPAHCTBEe-BpeMeHH “ST

[lo Mepe passieta B “ST 06a 3/JileKTpoHA €; U €, U UX (YHAAMEHTalbHO-
Cllell/IeHHbIX INapTHEPOB: MO3UTPOHOB &; U &, B P’ST mnonagamoT WM
CTaJIKMBAIOTCS C pa3HbIMH BHEIIHHWMH YCJAOBUSIMU U KBAHTOBAs CIENJIEHHOCTD
(QE) MraHoBeHHO paspyIiaeTcs.

Jlng yBeJin4eHHsI BpEMEHU JIeMCTBUS KBAaHTOBOM CLIENIJIEHHOCTHU MEXAY ABYyMS
3JIeKTPOHAaMU €; U e, B ST 3kcliepruMeHTaTOpaM NPUXOAUTCH NPUMEHSTh
pa3JIMuyHble AOPOrocTosigyve Grudndeckrue sQpPeKThl U / UK YCTPOUCTBA.

Hamnpumep, sBJieHHWE CBEepPXIPOBOAUMOCTH, CBEPXHU3KHE TeMIIepaTyphl
cTpeMslecds K  AOCOJMIOTHOMY  HYJAK, XUTPOYMHbIe  MaTepHaJibl,
Ha3blBaKOIUECS  TOIIOJIOTUYECKHMMMU  M30JATOpaMH, KOHAeHcaT bo3e-
JUHIITENHA U T. 1.
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KBaHTOBasi 3alyTaHHOCTb JBYX WUJIU 00Jiee
4YaCTHI] B IPOCTPAHCTBEe-BpeMeHH “ST

Bce momnbITKM yJep:KaHUS KBAHTOBOHW CLEMNJIEHHOCTU - SIBJSIOTCA KpauHe
TPYAOEMKUMH, MaJO3QPEKTUBHBIMM U OECIJIOAHBIMH, IIOCKOJIBKY CaM
dbeHOMeH  peasiM3yeTcd BO  BcesleHHOM B KayecTBe  YacCTHOrO
OBICTPOUCYE3aEMOTO CJIeJICTBUSA MEXaHHW3Ma CIIKMHA ;5.

CooTrBeTcTBeHHO, Ucxoasd U3 TSSCU peHoMeH KBaHTOBOM cremieHHOCTH (QE)
NI06bIX ABYX (WM Gosiee) 4acTul MaTepuu B ST - dAB/sAeTCS 4YaCTHBIM
OBICTpOHCYE3aEMbIM CJA€ECTBUEM:

* MeXaHW3Ma CIIMHA ;S;
* BpeMeHU CUHXPOHU3aIUH T ¢y -p , BKIIOYAIOIIEM B CEOS:
- MHUMOE runep6osnyeckoe spems ;& B ST

- MHMMOE 3JLIMnTHYecKkoe Bpems ;t B ST,
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CDYH,Z[aMeHTaJIbHaH CHEIlJIEHHOCTDb

B oTauyme OoT KBAaHTOBOM ClENJIEHHOCTH, QYHAAMEHTa/IbHasA CIEeIJIEHHOCTh
MeX/ly 3JIeKTPOHOM €7 B “ST U NO3UTPOHOM e, B DST , a Taxxe mexny
3JIEKTPOHOM €3 B “ST u nosutpoHoM €, B PST - aBnserca nmocTogHHON W
HeNpeosoJIMMON CBA3bKD. MMeHHO MO3TOMYy aBTOp W JaJl €l Ha3BaHUe
byHJaMeHTaJIbHOM.

JTO sBJIeHHWe - (QyHJaMeHTaJbHOW cuemieHHOCTH (FE) peasM30BaHHOE BO
BceneHHOM mnpenocTaBJiseT HCCAeNOBaTesisM OoraTble BO3MOXXHOCTH [IJIfI
[OCTPOEHUS U IPAKTUYECKOM peasiM3allud MNPUHIUIHAAJIBbHO HOBBIX
3¢ PEeKTHUBHBIX PEIIEHUMN U TEXHOJIOTHUU.
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Knaccupukanusa pusandyecKux AUCUUNINH

Tpex npocTpaHCTBEHHO-BpEMEHHas MoJeJib CTpOeHUs BcesleHHOH 1M03BoJInJIa
[1eJIOCTHO U COBEPIIEHHO 10 HOBOMY B3IJIIHYThb Ha Pa3HOPOJHbIE MPOILECCHI
npoucxogdamue B Hel. Kak 4YacTHBIe Cly4aH, B 3TOU TeOPHUU JIeTKO BO3HUKAIOT:

* KJlacCCHYeCcKass MexXaHMKa HbloToOHa WM  Qu3KMKa  HaOJII0LAeMOro
IPOCTPAHCTBa-BpeMeHHU MOJI0KUTEJbHON KPpUBU3HBI “STC MOJIOKUATEIbHOM
JIOTHOCTbIO MaTepUM W SHEPTUH, C MOJIOKMTE/JbHOM TIpaBUTalUeld 6e3
y4yeTa apPeKTa CIUHa;

* KBaHTOBaA (U3UKa WM (H3HMKA HAOJII0JAeMOTr0o MNPOCTPaHCTBA-BPEMEHHU
[0JIOXKUTEJbHOM KpUBU3HBI “ST € NOJIOKUTEJBbHOMN IIJIOTHOCTBIO MaTePUU U
SHEPruH, C MOJIOKUTEJbHOM TrpaBUTalder C y4yeToM 3ddeKTa CIOHHA, U
COOTBETCTBEHHO, BJIUSHUMEM IPOCTPAHCTBA-BpEMEHU OTpHUILIATEJbHOM
kpuBu3Hbl PST. [Ipy 3TOM, B KBAHTOBON MeXaHUKe NPOCTPAHCTBO-BpeMs
OTpUILIATEJbHOW KPUBU3HbI HUKAK He 00HApY>KWUBAeTCAd Y He onpeessaeTcs,
[IOCKOJIbKY 3TO BBIXOJAUT 3a PaHUIlbl ee MpUMeHUMOCTU. KBaHTOBas ¢pru3unka
IPOCTO He MpeJHa3HavYeHa AJis 3TOroO.
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bynyiinee pU3UKHU - PU3UKA
Me>K IIPOCTPAHCTBEHHBIX JIBYXKOMIIOHEHTHBIX
CTPYHHBbIX B3aUMOJENCTBUH BO BpEMEHU

[IpocTpaHcTBO-BpeMs “ST

» Kimaccuueckasa ¢usuka (MexaHHKA)
C TOJIOXKMTEJbHOW IJIOTHOCTBHIO

MaTepUU 5 SHEPTUH, C
[IOJIOKUTEJIbHOU TpaBUTALUEN U
[IperMyIlleCTBEHHOH dbopMou

MaTEepHUHN 9aCTHUIbI.

* [IpyHIMN HAMMEHbIIEr0 AENCTBUS.

[IpocTpaHcTBo-Bpems ST

* CosiuTOHHAasA PU3UKaA (MexaHUKaA) C

OTpUILATEJbHOHN [IJIOTHOCTBIO
MaTepUuHu 5| SHEPruy, C
OTpULIATEJIbHOM TpaBUTALlMEN U
[IperMyIleCTBEHHOH dbopMou
MaTepUHU TOIOJIOTUYECKHE
COJIUTOHBI.

[IpyHIMI HAUOOJIbIIETO AENUCTBUS B
npejeJax Mepapxum CUCTEMBL.
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OCHOBHBbIE TPYAHOCTHU U KJIIOY
K JlaJIbHEHIIEMY PAa3BUTUI0 PU3UKHU

Tpeby1oTcsi oTBEThI Ha BOIIPOCHI:

1.

Kakue 4uWcia peasM3yrOTCA B IPOCTPAHCTBE-BPEMEHU OTPUILATEJbHOU
kpuBHU3HBI PST U ux cBONCTBA?

Kakas anre6pa peasM3yloTcs B IPOCTPAaHCTBe-BpeMeHU OTpHULaTeIbHOM
kpuBu3HbI PST U ee cBoOMCTBA?

KakoBbl 0CHOBHble cBoucTBa Teopuu DPyHKuMU  KoMmieKCHOU
[lepeMEeHHOHN C 3JIMNITUYECKOM MHUMOHN exuHunei ( i = +1) B HOBOM
aJreope, ONMChIBAKIIEN CBOMCTBA beT.

KakoBbl CBOMCTBA BpeMEHU CUHXPOHU3AUUH T gy, UK napaboJIM4eCKOU
MHUMO¥U efaunule [ B AST?

KakuMm o6pa3oM OyAeT NPOrUCXOAUTh CHHXPOHU3AIUA JBYX KOMIIOHEHTHBIX
CTPYHHBIX B3aMMOJEMCTBUM, a HMEHHO YpaBHEHHWH HOBOM aJIreopsbl

onuchblBawlLel ceoiictBa PST u anre6pel, onucbiBawel cBorctsa “ST
89



BbIBOAbI:

BceneHHass - gBisieTcd eauHOM, O0eCKOHeYHOHM U BedyHoOU. BcesieHHada
BKJIDYAEeT B Ce6sl: mepBUYHOE (MaTepUHCKOe) 00061eHHOe AGCOIIOTHOE
npocTpaHcTBo-BpeMs ST u Ynpasasiomyto CynepMHumyto Eqununy ¢I
KOTOpass IEepUOJUYECKH HWHHUIUUPYET BO3HUKHOBeHUWE BB C
MocCJeAyI0IIMM HEOTBpAaTUMbIM CT.
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2.

3.

BbIBOAbI:

bapruoHHasa acumMmeTpus Bo BcesieHHOM - oTcyTcTBYeT. C MOMeHTa BB BcA
pOXJeHHass MaTepus pa3BUBaAETCs, B HAOJIIOJaeMOM HaMH, IIPOCTPAHCTBeE-
BpeMeHH I0JIOKUTEJbHOW KpUBU3HBI “ST, a BcA poXJeHHasd aHTUMaTepUs
pa3BHBaeTCd, B He HaOJWAAaeMOM HaMH, MPOCTPAHCTBE-BPEMEHHU
oTpuLaTeJbHOU KpuBU3HLI PST.

AHTHUMaTeEpPUs C OTPULIATEJbHOU IIJIOTHOCTbI0 MaTEPUU U OTPULIATEJIbHOHN
IJIOTHOCTbIO SHEPTUH, 00pa30BaBIIYyIOCA B MOMEHT BB 1 pa3BUBaKIIYHOCS
B IpocTpaHcTBe-BpeMeHU ST MOXKHO TaK»Ke Ha3bIBaTb TEMHOM MaTepuel
(WM CKpPBITOM MaTepuer) o0Jiafaliled TeMHOW 3Hepruer (CKpbITOH
5Hepruen). B cOOTBETCTBUH, C YACTUYHBIM PaACCIOEHHUEM “}ST OCHOBHYIO
[IJIOTHOCTb BO BcesleHHOW - COCTaBJAIT: NEePBUYHASA YIpaBJsIOlas
A s y = A 0
MaTepusa M c nepBUYHOM ynpaBJstolier sHepruen “E (~90,91%).
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BbIBOAbI:

[loHMMaHMe Tpex NPOCTPAaHCTBEHHO-BPEMEHHOM NPUPOJbI CIKHA S (OKHO
npo3padHocTy B “ST) no3BoJigeT HaM He TOJbKO GOpPMaIu30BaTh
«HJealbHOE OOMEHHOE B3aMMOJIEUCTBHEY 1JIsI PEPMUOHOB U 0030HOB, HO
Y CeJlaTh TOYHbIE Oe3a/bTepHATHBHbIE NIPE/ICKa3aHUSI:

4YacTUll, KOTOpble SBJSIOTCS aHTUYaCTHUI[AMM CcaMH JAJs cebsd - He
CYIlleCTBYET;

6€3MacCcOBbIi HEHTpa/bHbII 6030H GOTOH - ¥ B “ST, UMewUUi CIIUH
S =21 - 00643aH HMeThb IapTHepa 0€3MaCcCOBOT0 HEWTPaAJbHOIO
TeMHOro ¢poToHa - ¥ B ’ST, Takxke co ciuHOM .S = +1;

MaccuBHbIN 6030H "Z B ST, umeromuii cnuH .S = +1 - 06593aH UMeThb
napTHepa HelTpaJbHOr0 MaCCUBHOT0 6030Ha U3 anTuMarepuu B UST.

92



BbIBOAbI:

5. I[IpUHUUOBI HaMMEHbIIEro AeHCTBUA A/ 4acTUl, MaTepud B ST W
HauboJ/IblIero AeNdCTBUA JJid t-COJUTOHOB aHTuUMaTepun B DST, ux
byHJaMeHTa/JbHasA-CLUENJIEHHOCTh M CaMOCOIJIACOBAHHOCTb B JBU)KEHUHU
OTKpbIBaeT IIUPOKHUE  BO3MOXHOCTU [Jd  IOCTPOEHUA  TOYHBIX
MaTeMaTHU4YEeCKUX MOJeJIen ABUXKEHUA YaCTUL, B MPOCTPAHCTBE-BPEMEHU
LST u t-conmutoHOB B mpocTpaHcTBe-BpeMeHu ST.

6. [oHATHe OyHAAMEHTAJIbHON-CLEIJIeHHOCTH, HPUHLUIbI HaWMeHbLIEero
neiictBus B “ST v Haubosbliero aedctBus B PST, «uaealbHOe 06MEHHOE
B3aUMO/leliCTBUe», t-CONUTOHBI Kak ¢popMa aHTUMaTepuH B PST, a Takxe
rurnoTesa o TOM, 4YTO N03UTpoH B PST o06GsajaeT 3JeMeHTAapHbIM
TONOJIOTUYEeCKUM MAarHUTHBIM 3aps0M, NOABOAAT K 3aK/JIYUTE]bHOMY
3Tally MOCTPOEHUS TEOPUU CAMOCOIJIACOBAHHOIO YaCTHUILe-COJUTOHHOTO
aToMa.
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BbIBOAbI:

CUJIbHOE slepHOe B3aMMO/IEMCTBUE, IPUMEHsSIEMOe CeroaHs B QU3UKe, B
TSSCU - npexcraBiseT COO0K MarHUTO-COJMTOHHOE 3JIEKTPUYECKOE
B3aMMOZeiicTBUe B mpocTpaHcTBe-BpeMeHU PST. [lpu 3TOM, MOSUTPOH U
AaHTUIIPOTOH (a TaKXe JApyrve 3apsAfoBble t-coauToHbl) B PST uMeroT
3JleMeHTapHbIH TOMOJOTHYEeCKUHA MAarHUTHBIN 3apsf 6, KoJU4ecTBEHHOE
3HaUYeHHe KOTOPOro IpeACTOUT ompelesuTb. B mpocTpaHCTBe-BpeMeHHU
DST nomxubl 6bITb cBOM TeMmHble KBaHTbl geiictBuga ’h u Phy_,
SKBMBAJIEHTHble, COOTBETCTBEHHO, MOCTOSAHHOW Ilnanka ‘h U
NpUBeJeHHOM TMocTOAHHOW Ilnanka ‘A . OnpeneseHue BeJUYUH
3JIEMEHTapHOTO TOIOJIOFMYECKOr0 MAarHUTHOTO 3apsia 0, a TaKKe TEMHBIX
KBaHTOB JelicTBua (aktuBHoro nomiomenusa) h u Phy_,, - nossosur, B
06003p¥MOM OyayIleM, CO3[aTh IIOJIHOLIEHHYI0 TEOPUK CUJIBHOTO

B3aMMOJIEHCTBHA. 94



BbIBOAbI:

8. Peasusanusa «3dpdekTa C€aMOCOIJIaCOBAHHOCTU» BO BcesneHHOM cTaJsia
BO3MOXHOM, OJiarolapss HOBOMY CIIOCOOy BBeJleHHsI O000O0IIeHHbIX
KOMILJIEKCHBIX 4Hces. Kaxjgad MHUMas eauHUILA: Iapabosivyeckasa [,
runepobosivyeckass [ M 3JUIMOTHYeCKas [, 3aZaeTci B CTPOroMm
COOTBETCTBUM CO 3HAKOM KPHWBU3HBbI CBOEro MPOCTPAHCTBA-BPEMEHH.
MMeHHO, 0000IleHHble KOMILJIEKCHbIE 4YHCJIa, pa3BUBAWOIIHME Tpex
[IPOCTPAHCTBEHHO-BPEMEHHBIE TEOPHUH OYHKLUU KOMILJIEKCHBIX
[IEpeEMEHHbIX, HWrPAOT I[JIAaBHYIO pPoOJib B  OOeCleYyeHHH  Mex
[IPOCTPAaHCTBEHHO-BPEMEHHON KOMMYHUKAIIHH.

B 3/IMNITUYECKOM IPOCTpaHCcTBe-BpeMeHu “ST: i = —1
B runep60oin4eckoM npocTpaHcTBe-BpeMenu PST: i% = +1

B mapa60/1M4eCcKOM MpocTpaHCcTBe-BpeMenu 4ST: I% = 0; u I* = oo;
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BbIBOAbI:

9. Ilpupoja Macchl: 4YacTHUILbl MaTepUHd C Maccol “m U t -COJUTOHBI

aHTUMaTepuu ¢ Maccoi Pm poxxjaroTca napaMu CUHXPOHHO B T synch Y3
d4yeek TKaHel npocTpaHcTB-BpeMeH “ST u PST, cooTBeTCcTBEHHO.

L D

[Ipy 3TOM YacTHULbI C MAacCod "M W t-COJMTOHbI C MaCCOM
006J1a/1aTh CBOUCTBOM (YHIAMEHTAJIbHOH CLENJIEHHOCTH.

m - OyAyT

MckitoueHMeM W3 3TOro mnpaBuJa [BJseTCI Macca 603oHa Xurrca H,
uMewiero cnuH paBHbIA 0 ($ = 0), Kotopsii B TSSCU wurpaeTt CBOIO
byHJaMeHTaJbHYI POJib U KOCBEHHO IPUHUMAET y4acTUe B 00pa30BaHUHU
MacC MaTEPUU U aHTUMATEPUH.
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BbIBOAbI:

10. /lna pemieHus npoO6JieMbl KBAaHTOBAaHMSA T'paBUTALMHU, C YYETOM TpPEX
IPOCTPAaHCTBEHHO-BPEMEHHOW MOJeJIM CTPOeHuss BcesieHHOH, cienyet
[IOCTaBUTh BOMPOC ITO-HOBOMY:

* HEOOXOAUMO OIpeJieJIUTh KBAHT pacliMpeHUs (B Iape: pPacCTOSHUS-
pajuyca KPUBU3HBI - “S W KpPUBU3HBI - ‘w) B “ST, a Takke TeMHbIe
KBaHTbl CKaTus (B MHape: pacCTOSHUA-pajuyca KPUBU3HBI - 0S u
KpuBU3HEI - Pw) B PST

* HeoOX0AUMO  CHOPMYJIUPOBATH U  HAWUTU  pelleHUd  CUCTEMBbI
CaMOCOTIJIACOBAaHHbIX YPaBHEHHWH, ONMChIBAKIIUX JEUCTBHE I'PaBUTALUU
B ST wu anturpaButauuu B PST, C y4eTOM TOINOJOIUYECKOTO
BpalllaTeJbHOr0 MeXaHW3Ma CTaOUIM3al MU Mpollecca HEOAHOPOAHOTO U
aHu30TpomnHoro cxatusa PST.
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11.

12.

BbIBOAbI:

['unoresa o TOM, 4YTO TepModaepHbI€ pEeaKlHunu HABJIAIOTCA OCHOBHBbBIM
HNCTOYHHUKOM SHEPIrUHU BO BCeJIeHHOIl/JI, KaK MUHHUMYM, HE I10JIHA.

Bce MHoroo6pasue  CyIIEeCTBYIOIIMX MaTepHaJbHbIX W  aHTH-
MaTepHaJbHbIX MUPOB B TpexX NPOCTPaHCTBEHHO-BpeMeHHOW BceneHHOM
MO>KHO OOBSCHUTB 33 CYET B3aMMO-NPO3PAYHOCTH NPOCTPAHCTB-BpEMEH
LST u PST, ux pyHaaMeHTaNbHON- CLeNJIeHHOCTH, CAMOCOI/IACOBAHHOCTH
¥ B3aMMHOI0 aHTarOHU3Ma.
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AcuMMeTpHs CBOUCTB
npoctpaHcTB-BpeMeH ST u PST

[IpocTpaHcTBO-BpeMs 'ST

dNeMeHTapPHbIN 3NeKTPUYECKUmn
3apaa q

INEeKTpU4YeCcKnn ToK

[IpocTpaHcTBO-BpeMsa VST

DNIeKTPOMArHUTHoe
B3aumMoaencreme

Cnaboe
B3avmo-
aAencreue

dNnemeHTapHbIM MAarHUTHbIN
3apag 0

MarHuTO-CONNMTOHHDbIN TOK

CunbHoe apepHoe
B3aumogencreme



Texuuyeckass MHpOpMaIL U

1. PaspaboTaHO yCTPOHWCTBO M TEXHOJIOTHS, MO3BOJIAIIIHME MCIO0Jb30BaTh
3¢ deKT byH/IaMeHTaJIbHOH-CLENJIEHHOCTHU MeXJy  3JIEKTPOHHO-
IIO3UTPOHHBIMH ITapaMH.

[lpy 3TOM, Kak M ONWCbIBAeTCAd B CaMOCOIVIACOBAHHOM Tpex
IPOCTPAHCTBEHHO-BPEMEHHON 4YacTHUIe-COJIUTOHHOW MOJeJIU CTPOeHUS
aToMa, 3JIEKTPOHBI (4acTHIbl) HaxoAAaTcad B ST, a WX NapTHepbl -
MO3UTPOHBKI (TOMOJIOrMYecKhue coauToHbl) B PST.

Texnosoruss mnosayuyusa Has3BaHue: E-P FECT  (Electron - Positron
Fundamental Entangled Controlling Technology).
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Texuuyeckass MHpOpMaIL U

2. YcrpouctBo u TexHosiorua E-P FECT Obuin pa3paboTaHbl Ha OCHOBE
COBEPIIEHHO HOBbIX GU3NYECKHX IPHUHIIMIIOB U UHXXEHEPHbIX PEIIeHUN.

3. Kak u nosaraetca B ¢u3MKe 3JeKTpoHbl B ST HecyT Ha cebe
3JIeMeHTapHbIN 3JIeKTPUYeCKUH 3apa/,  , a To3uTpoHbl B ST HecyT Ha
cebe 3/IeMeHTapHbIM MarHUTHLIN 3apsaz, @1 (MoHonosb Jlupaka).

4, 3To nosBoJsseT noaydaTb B °ST ckpblTOe NepBUYHOE MarHUTHOE I0JIe He
M3BECTHOE CerojHs B TeopeTH4YecKoil ¢usuke U reHepuposaTb B ST
(cubHOE SIepHOE) MAarHUTO-COJIUTOHHOE B3aUMO/IEUCTBHE.
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Texuuyeckass MHpOpMaIL U

5. YcrporictBo E-P FECT moxeT paboTaTh B BYX peKUMax:

* pexXUM IepPBbIY, TeHEPUPOBATh MarHUTO-COJIMTOHHOE (CUJIbHOE AZIEpHOe)
W3Jy4eHHe B IpoCcTpaHCcTBe-BpeMeHu PST;

* peXXMM BTOpOH, MarHUTO-COJMTOHHOE (CHJIbHOE fJepHOe) AKTHBHOE
IOLJIOMIEHHWE B IPOCTpaHCcTBe-BpeMeHu PST;

KoMMeHTapui: NOCKOJIbKY U MarHUTO-COJIMTOHHOE M3JIy4YeHUue U MarHUTO-
COJIMTOHHOE aKTHBHOE IIOIJIOLIEHHE - SBJSITCI HEOLHOPOAHBIMH U
aHU3OTPONMHbLIMH, TO HOBbIM TEepPMUH «aKTUBHOE IOIJIOIEHHE» HauboJiee
TOYHO OTPaXKkaeT paboTy BTOPOIo pexxkuma.
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Texuuyeckass MHpOpMaIL U

6. YcrpouctBo E-P FECT no3BoJsisgeT nNpoBOAUTH CIEKTPOMETPHUIO BEIECTB B
MarHUTO-COJUTOHHBIX BoJHax B UST:

* npu 3ToM, AYX MarHMUTO-COJIMTOHHBIX BOJIH OTOOPA’KAKTCSA Ha IIKaJe
3JIEKTPO-MAarHUTHBIX BOJIH (IMB);

* Ha aHa/IM3aTOpe CIEeKTpa Mbl HAOJIIOJaeM XaOTHYECKU pa3OpOCaHHBbIE
AUX xapakTepusywIlue «HEKOTOpble CBOWCTBA» MCCIAEAyeMOro
BellleCTBa-aHTUBEIeCTBa;

7. IlonmyyeHHble AYX wHcciieyeMoro BellleCcTBa-aHTHBEIECTBA JaJjiee MOIYT
OBITh HallpaBJIEHbI HA FreHePaILUIO:
* U3JIy4YeHUSA MAarHUTO-COJIMTOHHBIX BOJIH;

* AKTHUBHOTIO ITOIVIOINEHUA MAI'HUTO-COJIMTOHHBIX BOJIH.
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Texuuyeckass MHpOpMaIL U

Hamu npoBeneHbl MHOTOYMCJIEHHbIE 3KCIEPUMEHTANIbHbIE UCCJEI0BAHUS
noATBepxAawIre 3bPeKTUBHOCTDb IpuMeHeHUud ycrporcTtBa E-P FECT Ha
[IpAKTUKE.

B YaCTHOCTH, IIOJIYHEHBI IIPE€ABAPUTECJ/IbHBIC ITOJIOKUTECJ/IbHBIC PE3YJ/IbTAThI
HCII0JIb30BaHMUS 3TOU TEXHOJIOTHHU B Pa3JIN9YHbIX HAYYHbIX 00J1aCTAX:

* KJIETOYHOU OHOJIOTHY,

* B ¢papMaKOJIOTHH,

* B MeJUIUHE,

* CO3[aHWH HOBBLIX MaTEepPHUaJIOB,

* aTOMHOH U siilepHOH QU3UKHU U AP.
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CpaBHUTEJIbHbIE XapaKTEPUCTHUKHU
3JIEKTPUYECKHHU TOK 1 MAarHUTO-COJIUTOHHBIN TOK

[IpocTpaHcTBO-BpeMs “ST

J/IeKTpUYECKUH TOK - 3TO
HapylleHWsT  CaMOCOIJIaCOBAaHHOCTH
MEXY:

* 3JIEeMEHTAPHBIMU 3JIEKTPUYECKUMU
3apAgaMUu (¢ 3JIEKTPOHOB B aTOMax
BLST ..u

* 9JIEMEHTAapPHbIMH MAIrdodMTHbBIMHA

sapagamMu @7 a”HTUOpPOTOHOB B
TEeMHBIX gjapax B ST

[IpocTpaHcTBO-BpeMs ST

MaruuTHBIA COJIMTOHHBIA TOK - 3TO
HapylleHUss  CaMOCOIJIaCOBAaHHOCTH
MeXay

* 3JIEMEHTAPHBIMHA

zapAgaMu  OF aHTUNPOTOHOB B
TEMHBIX A7pax B ST ... u

MAIrHUTHBIMH

* 3JIEMEHTAPHbBIMHU 3JIEKTPHUYECKHUMHU

3apA4aMU  3JIEKTPOHOB B aTOMax
B “ST
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CpaBHUTEJIbHbIE XapaKTEPHUCTUKU
3JIEKTPUYECKHHU TOK 1 MAarHUTO-COJIUTOHHBIN TOK

[IpocTpaHcTBO-BpeMs “ST

Hapyimienuss caMocorjiacoBaHHOCTHU
[IPOUCXOJUT 3a CcyeT
AaCUMMETPUYHOCTH CBOVICTB
npoctpaHcTB-BpeMeH “ST u PST npwu
KOTOPOM - B AGCOJIIOTHOM
[IPOCTPAHCTBE-BpEMEHU AST
BO3HHKAET 3JIEKTPpHUYECKU-
II0JISPU30BaHHBIN

MEXIIPOCTPAHCTBEHHBI IOTEHLMAI
peanusymomuiica B “ST.

[IpocTpaHcTBO-BpeMs ST

HapyiieHuss caMocorjiacOBaHHOCTHU
IIPOUCXOUT 3a cyeT
ACUMMETPUYHOCTH CBOWCTB
npoctpaHcTB-BpeMeH “ST u PST npwu
KOTOPOM - B AGCOJIIOTHOM
IIPOCTPAHCTBE-BPEMEHU AST
BO3HUKAET MarHuTo-
OJIAPU30BaHHBIN

MEXIPOCTPAHCTBEHHBIM MOTEHLUAA

peasusytomuiica s ST.
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CpaBHUTEJIbHbIE XapaKTEPHUCTUKU
3JIEKTPUYECKHHU TOK 1 MAarHUTO-COJIUTOHHBIN TOK

[IpocTpaHcTBO-BpeMs “ST
OCHOBHEBIE ITapaMeTpPhl € -TOKa:
» Hanpsxenue “U
e Cusa ToKa “I

* CoIpoTHUBJIEHUE
[IPOBOAMMOCTH MaTepuaJia
Wiy cpeabl “R

[IpocTpaHcTBO-BpeMs ST
OCHOBHEBIE ITapaMeTpPhl M -TOKa:
 Hanpsixenue PU
* Cusa Toka PI

* ConmpoTHUBJIEHUE
MPOBOJMMOCTH MaTepHasa
nnu cpeasl PR
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CpaBHUTEJIbHbIE XapaKTEPHUCTUKU
3JIEKTPUYECKHHU TOK 1 MAarHUTO-COJIUTOHHBIN TOK

[IpocTpaHcTBO-BpeMs “ST

B yci0BUsAX NpOCTpaHCTBa-BpEMEHU

OJIOKUTEJbHOU KPUBU3HBI C
OJIOXKUTEJbHOHN MJIOTHOCTBIO
MaTePUU U SHEPTHUH, TOJ0XKUTEJTbHOU
rpaBUTalLier (BCe TeJsa
PUTSATUBAKOTCA, a popMa MaTEPUH -
4acTULbl) - JJ9 IPOXOXKJIEeHUs
3JIeKTpUYeckoro Toka I B

notennuasne “U conporusienue ‘R, B
ujease, J0JKHO CTpeMUThCA K 0.

[IpocTpaHcTBO-BpeMs ST

B ycioBUsAX NpoOCTpaHCTBA-BpEMEHU

OTpULIATEbHOU KPUBHU3HbI C
OTpUILIATEJbHOU MJIOTHOCThIO
MaTEPUHU U 3HEPTHUH, OTPUIATETbHOM
rpaBUTaLien (Bce TeJsa
OTTAJIKUBAIOTCH, a dbopmMa
aHTUMaTEepPUU - COJIUTOHBbI) — JJs

POXOXJeHus1 MarHUTHoro toka °I B
notennuasne PU conporusnenue PR, B
njeaJse, JOJKHO CTPEMUTHCA K O,
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CpaBHUTEJIbHbIE XapaKTEPHUCTUKU
3JIEKTPUYECKHHU TOK 1 MAarHUTO-COJIUTOHHBIN TOK

[IpocTpaHcTBO-Bpems LST [IpocTpaHcTBO-BpeMs ST
CooTBeTcTBeHHO, Ipu ‘R = 0 CooTBeTcTBeHHO, NpUPR = oo
BO3HHWKaeT CBEPXIPOBOAUMOCTH SC. BO3HUKAET CBEPXNPOBOAUMOCTD SC.
[lpy HaIMYKUK CONPOTUBJIEHUs “R BO [lpu oTCyTCTBUM conpoTuBaeHus LR
BpeMA IPOXOXKAEHUHU BO BpeMA NPOX0KJEHUH MarHUTO-
3JIEKTPUYECKOI'0o TOKa yepes COJIUTOHHOI'O TOKa Yepe3 NPOBOLAHUK
[IPOBOJHUK NIPOUCXOAUT HATPEB, YTO IPOUCXOAUT OXJIAXKJEHHUE, UTO
COOTBETCTBYET CBOMCTBY Halllero COOTBETCTBYET CBOWCTBY 3TOT'O
[IPOCTPAaHCTBA-BPEMEHM. [IPOCTPAaHCTBA-BpEMEHU.

[loaTOMy MarHUTO-COJIMTOHHBIN TOK
WHOTI/|a Ha3bIBAIOT XOJIOJHBIM.
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CpaBHUTEJIbHbIE XapaKTEPHUCTHUKU
3JIEKTPUYECKHHU TOK 1 MAarHUTO-COJIUTOHHBIN TOK

[IpocTpaHcTBO-BpeMs “ST

JJIeKTpUYECKUHU TOK [pu
B3aUMOJIEUCTBUU C OKpPYKAWIIHUM
[IPOCTPAHCTBOM MOXKET paboTaTh B
JIBYX peXXrMax:

* dAKTHUBHO€ N3JIYHE€EHHE,

* [MaCCUBHOE MOIJIOLIEHNE
(oTpuLIaTE/IbHOE U3JIYYEHUE);

3JIEKTPO-MarHUTHBIX BOJIH (IMB).

[Ipoiecc 3TOro  B3aUMOJEUCTBUS
[IPOTUBOIIOJIOXKEH 1o 3HAKY,
oTHocuTesbHO PST.

[IpocTpaHcTBo-Bpems ST

MarHuTo-COJIMTOHHBIKU  TOK  IIpH
B3aMMOJIEUCTBUM C OKpY>KarolUM
[IPOCTPAHCTBOM MOKeT paboTaTh B
JIBYX peXHMax:

* AaKTMBHOE IOIJIOLIEHUE
(oTpuLIaTeIbHOE U3JIyYEHUE);

* U3JIyYEHUE;
MarHuTO-COJIUTOHHBIX BOJIH (MCB)

[Ipoiecc 3TOro  B3aUMMOJEUCTBUS
IIPOTUBOIIOJIOXKEH 3(0) 3HAKY,
OTHOCUTeNbHO “ST. 110



CpaBHUTEJIbHbIE XapaKTEPUCTHUKU
3JIEKTPUYECKHHU TOK 1 MAarHUTO-COJIUTOHHBIN TOK

[IpocTpaHcTBO-Bpems LST [IpocTpaHcTBO-BpeMs ST
OCHOBHBIE POPMYJIHL: ApanTupoBaHHbIe* GOPMYJILI:
Ly 1 Dy
 ConpotuBieHue ‘R [LR = = » ConpoTuB/eHue 5~ PR = =
L L ‘v D D b1
* Cujia Toka I I= — * Hanpskenue “U U= 5=
R R
» Hanpsokenune ‘U |tU = 1 IR * Cusa Toka PI Dy = Py PR




CpaBHUTEJIbHbIE XapaKTEPUCTHUKHU

3JIEKTPUYECKHH TOK 1 MAarHUTO-COJIUTOHHBIN TOK
AuarpaMmma ¢pyHAaMEHTAJIbHOU-CLEIJIEHHOCTH IIapaMeTpOB

I[IpocTpaHcTBO-Bpems LST Ly /

/ Dy [IpoctpancTBo-Bpems 2ST
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MarHuTO-COJIMTOHHBIE BOJIHBI B ST
reHepauHH %1 HeKOTOpre SKCHepI/IMeHTaJIbeIe NdHHBIE

Bo3HMKaeT BIIOJIHE eCTECTBEHHBIN U KpaiiHe aKTyaJIbHbIH BOIIPOC?

Hpe,ZLHOJIO)KI/IM, Mbl MO?KEM B IIPOCTPAHCTBE-BPEMEHU OTpHLLaTeJIbHOﬁ
KPHUBHWU3HBI DST OCylieCTBUTb reHepannuio MaroHuTo-COJIMTOHHBIX BOJIH.

 KakuM 06pa3oM Mbl MOXXeM y3HATb 00 3TOM U MPOBECTH COOTBETCTBYIOIIHUE
U3MepeHUud?

* KakyuM 06pa3oM MOKHO IPOBECTHU KOPPEKTHBIU PU3UYECKHUH IKCIIEPUMEHT?

O4eBHUHO, YTO JJis 3TOTO NPUIAETCA OIEPETbCSd HA XOPOIIO U3YYEHHBbIH B
dH3uKe HWJIM JPYIrMX HayKaX, KaK B TeEOpeTUYeCKOM, TaK U B
3KCIIEpUMEHTAJIbHOM IIJIaHE - IPOILECCHI.
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JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEPUMEHTHI C [ — KJIeTKaMU IopKeNyA04HOoH kKese3bl (MockBa), 2005 .

* Asmaniymos A. III., pykoBoguTeb » OCYIIeCTBJISIJI TeHepalii0 MarHuTo-
MockoBckoro MHcTUTyTA COJIUTOHHBIX BOJIH B PST Ha ycTaHOBKe
Kubepuetnueckout Megunuusl (MUKM) COOCTBEHHOMW KOHCTPYKIIHH;

* IlanbHeB b. U., 1.M.H., npodeccop,

3aCJy>KEHHbIU JesaTesb HAyKu PO, 3am. » OCYIIeCTBJISIJI 00llee PYKOBOJCTBO U
JIMpEeKTOpa 1o Hay4yHoHu paboTte, HUU OTBeYaJl 3a JU3auH IIPOBOAALINXCS
TPaHCIJIaHTOJIOTHHU U UCKYCCTBEHHBIX 3KCIIEPUMEHTOB;
opraHoB M3 PO

* Ckanenxuii H. H., a.M.H., npodeccop
3aBeIYIOIMH JIJabOpaTOPUEN KJIETOUYHOU » OCyLILeCTBJIsI/I HENOCPE/ICTBEHHOE
TpaHcranTanuu HUU TpaHCIIaHTOI0rHK PYKOBOJCTBO JIabOpaTOpHEeH B KOTOPOH
Y MCKYCCTBEHHBIX opraHoB M3 P® [IPOBOANJINCE SKCIIEPUMEHTHI,
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JKCIepUMEeHTAJIbHOE UCCJIelOBaHHE YIIPABJISAIOIIETO
BO3/IefiCTBUSI MATHUTO-COJTUTOHHBIX BOJIH B PST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEPUMEHTHI C f— KJIeTKaMU NomxKeayao4Hou xkese3bl (MockBa), 2005 .

* B ucxogHoM KyJIbType [-KJIETOK, BbIpallleHHbIX 10 CTaHAAPTHOU METOIMKE, B
TpeX MPOU3BOJIbHBIX MECTaX MPOM3BOAMJICS 3a00p NUTATEJIbHOM Cpeabl /s
M3MepeHHs1 3HAa4YeHUW KOHIEHTpPAlUU B HEX UHCYJIMHA, BbIpabaThIBAEMOTO
[-KJIETKaMH.

* [locsie aToro uUcxogHas KyJbTypa [-KJETOK JeJWJach Ha JIB€é 4YacTH H
3aCeMBAJIMCh B JBYX Yallkax. OJHa U3 3TUX YallleK - ABJIAJACh KOHTPOJIbHOH,
a Jpyrad rnojBeprajiacb BO3JJeMCTBUI0O MAarHUTO-COJIMTOHHbBIMU BOJIHAMU B
yCTaHOBKe ABIIaJyMOBa.
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JKCIepUMEeHTAJIbHOE UCCJIelOBaHHE YIIPABJISAIOIIETO
BO3/IefiCTBUSI MATHUTO-COJTUTOHHBIX BOJIH B PST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEPUMEHTHI C f— KJIeTKaMU NomxKeayao4Hou xkese3bl (MockBa), 2005 .

* B KauecTBe BellecTBa-UCTOYHUKA C KOTOPOrO CYUThIBAJACh (PpaKTaJibHas
MHOpMalLMs ObljIa BbIOpaHa CBUHAs Me4yeHb (TrernaToLUThI).

* O61Iee BpeMsl 3KCMO3UIIMU (BO31€MCTBUS) HA SKCIIEPUMEHTaJIbHbIM 00pa3el]
cocTaBJisiyio 60 MUH.

* [[pumMepHO 4Yepe3 Yac mocje 3aBeplleHrs 00pPabOTKH, NMOBTOPHO, B Tpex
IIPOM3BOJIbHBIX MECTAaX 00pPab0TAaHHOW U KOHTPOJIbHOU YaCcTeU KyJAbTypPhl [-
KJIETOK - BHOBb OCYUIECTBJIAJIOCh H3MepeHHe KOHIEHTpPAllMd B HUX
UHCYJIMHA.

¢ HOJIyquHbIe JKCIIEpPUMEHTAJIbHbBIE JdHHbIE IIPUBEAEHDI B TabJ1. 1.
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JKCIepUMEeHTAJIbHOE UCCJIelOBaHHE YIIPABJISAIOIIETO
BO3/IefiCTBUSI MATHUTO-COJTUTOHHBIX BOJIH B PST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEPUMEHTHI C f— KJIeTKaMU NomxKeayao4Hou xkese3bl (MockBa), 2005 .

* B kadecTBe BellleCTBa-UCTOYHHWKA [MJiS OCYLIECTBJEHUS CIEKTPOMETPUH
OblJ1a BbIOpaHa CBMHAas Me4YyeHb (renaToMUThI).

* O61Iee BpeMsl 3KCMO3UIIMU (BO31€MCTBUS) HA SKCIIEPUMEHTaJIbHbIM 00pa3el]
cocTaBJisiyio 60 MUH.

* [[pumMepHO 4Yepe3 Yac mocje 3aBeplleHrs 00pPabOTKH, NMOBTOPHO, B Tpex
IIPOM3BOJIbHBIX MECTAaX 00pPab0TAaHHOW U KOHTPOJIbHOU YaCcTeU KyJAbTypPhl [-
KJIETOK - BHOBb OCYUIECTBJIAJIOCh H3MepeHHe KOHIEHTpPAllMd B HUX
UHCYJIMHA.

¢ HOJIyquHbIe JKCIIEpPUMEHTAJIbHbBIE JdHHbIE IIPUBEAEHDI B TabJ1. 1.
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JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEpUMEHTBI C /- KJIeTKaMU IoKeNyA04uHoH xkese3bl (MockBa), 2005 T.

Ta6a. 1, ogHOKpaTHOE BO3AEUCTBME NPOAO/KUTENbHOCTHIO 60 MUHYT.

KiieTo4yHas M3MepeHHbIe 3HaUeHUA KOHIEHTPalluU CpenHee
KyJIbTypa MHCYJINHA 3HaYeHUe
Touka 1 Touka 2 Touka 3

McxonHas 2305 2275 2220 2265
KoHTpoJibHasA 2271 2302 2214 2262
O6paboTaHHas 3060 2880 2860 2933
BbiBoA: KOJIM4ECTBO BhIpabaThIBa€EMOro MHCYJIMHA B 00pab0TaHHOM 00pasie 1Mo CPaBHEHHUIO C
MCXOAHbIMH 3HaYE€HHUSIMHU ¥ KOHTPOJIbHBIMHM 00pa3iiaMu B CpeAHEeM BO3pocyio ~ Ha 30%.
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JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEpUMEHTBI C /- KJIeTKaMU IoKeNyA04uHoH xkese3bl (MockBa), 2005 T.

Ta6a. 2, AByXKpaTHOE BO3elCTBHUE NPOAO/DKUTENBbHOCTBI0 60 MUHYT C UHTEPBAJIOM 7 YaCoB.

KiieToyHad M3MepeHHbIe 3HaUeHUA KOHIEHTPalluU CpenHee
KyJIbTypa MHCYJINHA 3HA4YeHHe
Touka 1 Touka 2 Touka 3

HMcxonHad 2155 2400 1975 2177
KoHTpoJibHasA 2152 2393 1971 2172
O6paboTaHHas 2940 3280 3180 3133
BbiBoA: KOJIM4ECTBO BhIpabaThIBa€EMOro MHCYJIMHA B 00pab0TaHHOM 00pasie 1Mo CPaBHEHHUIO C
MCXOJHbIMH 3HAYEHHUSMH U KOHTPOJIbHBIMHM 00pa3iiaMH B CpeJHEM BO3POCJIO ~ Ha 44%.
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JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEpPUMEHTHI C KYJIbTYpOH KJjeTok Jleiigura (MockBa), 4-7 anpensa 2005 .

* Asmaniymos A. III., pykoBoguTeb » OCYIIeCTBJISIJI TeHepalii0 MarHuTo-
MockoBckoro MHcTUTyTA COJIUTOHHBIX BOJIH B PST Ha ycTaHOBKe
Kubepuetnueckout Megunuusl (MUKM) COOCTBEHHOMW KOHCTPYKIIHH;

* YkpauHLeB A. [I., K.M.H., 3aM reHepaJIbHOI0

» OCYILILECTBJISII 00lI[ee PYKOBOJICTBO U
AupekTopa no Hayke AO «bruoxummaii»

oTBeYaJl 3a /IM3arH NPOBOASIIAXCS

9KCIIEPHUMEHTOB;
* 3b10uH [I. B., K.0.H., Be Ay HAyYHBIN » HENOCPEeICTBEHHO OCYI€CTBJIA
coTpyAHUK oTAesa N4 AO «broxummari» JKCIlepYMeHTaJIbHble PabOThI;
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JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEpUMEHTHI C KyJIbTYpOoH KieToK Jleiiaura (MockBa), 4-7 anpensa 2005 T

* bblsla ucHosib30BaHA KJIeTOYHAd KyJabTypa Jlenaura HOBOPOXKAEHHBIX
IIOPOCHT.

* KyabTUBHMpPOBaHKE NPOBOJUJIOCHE B MOHOCJIOE B [IBYX MaTpacax oobema 250,0
M. OAWH K3 MaTpacoB NpeJHa3HA4daJICAd AJi1 OOpabOTKHM B YCTAaHOBKE
(3KCTIEpUMEHTA/NIbHBIN ~ 00Opasel), BTOPOW  [BJSAJICA  KOHTPOJIbHBIM
(KOHTPOJIBHBIK 0Opasell).

 KynbTUBHMpPOBaHWE OCYILIECTBJASAJIOCh AJid 000MX MaTpacoB B OJUHAKOBBIX
yCJIOBUSAX. BpeMs 06pa3oBaHUs MOHOCJIOA MMOCJI€E IT0CeBa COCTABJIAJIO 72 4aca
npu TeMmiepartype +36,7°C. OOpa30BaBIIMKUCA MOHOCJOU OJHOPO/IEH,
POBHOU IMOBEPXHOCTH.

« Kaxxkmas kJieToyHasi KyJabTypa Obljla MNpoBepeHa Ha  OTCYTCTBHE
KOHTaMHHaIUU. 121



JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEPUMEHTHI C KYJIbTYpOH KjeToK Jleligura (MockBa), 4-7 anpensa 2005 r

* U3 kaxxgoro maTtpaca B34TO IO 3 NPOObI U U3MEPEHO HCXOAHOE 3HAYEHHE
TEeCTOCTEPOHA.

* JKCIIEpUMEHTAJIbHbIM 00pasel MoABeprajcsd NATHUKPAaTHOMY BO3eHCTBUIO
MOAYJUPOBAHHbIMU CIIMHOBBIMM BOJIHAMH Ha YCTAaHOBKE; BO3JEHCTBUE
GOpMHPOBAJIOCh B XOJie pa3pylleHUus TeCTUKyJ. JJIHUTeJbHOCTh KaXKAOro
BO3JeICTBHSI COCTABJISJIO 45 MUHYT, HHTEPBaJIbl MeX/ly BO3JAEHCTBUAMU — B
cpeaHeM 10 gyacos.

* MaTpac c o6pabaTbIBaeMOM KyJbTYPOH KJIETOK IIOCJIe KaXKJ0ro BO3eHCTBUS
[IOMeIaJICsd B TEPMOCTAT.

122



JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEPUMEHTHI C KYJIbTYpOH KjeToK Jleligura (MockBa), 4-7 anpensa 2005 r

* KOHTpoOJIbHBIM 00pa3el; BO BpeMs 00pab0TKH 3KCIIepUMEHTaJIbHOI'0 00pa3ia
HaXOJWJICSI B TOM e INOMellleHUH BHE IpeJiesoB eMCTBUSA YCTAaHOBKH, a B
MHTEepBaJIax MEeX/1y BO3JEMCTBUSIMHU TaK>Ke ITOMellaJICd B TEPMOCTAT.

* [locie oKOHYaHUSA 0OpPABOTKM M3 IKCIIEPUMEHTAJBbHOTO M KOHTPOJIbHOTO
00pa3noB ObLJIO B3MATO MO 3 MpPOOBI, B KaXKJ0W W3 KOTOPbIX ObLJI K3MEPEH
YPOBEHb TeCTOCTEPOHaA.

e 3aTeM AJi onpefeseHUs npoudepaTUBHOM aKTHUBHOCTH ObIJIO M3MEPEHO
KOJIMYECTBO KJIETOK B CYCHE€H3WM, B3TOM MNPHU CHATHM MOHOCJOS, B
KOHTPOJIbHOM MU 00paboTaHHOM o6Opa3uax. Pe3ynbTaTbl 3KCIIEpHUMEHTA
npeJCcTaBJieHbl B TabJ1.3.
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JKCIIeEpUMEHTAaJIbHOE UCCJ/IeJOBAaHUE YIIPABJIAIIIETO
BO3/IefiCTBUSI MAaTHUTO-COJTUTOHHBIX BOJIH B PST
Ha KJIETOYHbIE KY/IbTYPbl

JKCIIepUMEHTHI C Ky/IbTYpOH KieToK Jlenaura (MockBa), 4-7 anpessi 2005 r

O6pa3serl] KJIETOYHOH KYJBTYPhI

YpoBeHb TecTOCTEpOHA (HMOJIb/ 1)

[Ipoba 1 [Ipo6a 2 [Ipo6a 3 CpenHee 3H.
KoHTpoJibHBIH 06paser (MCXO4HOEe 3HAYEHHUE) 6,2 6,4 6.3 6,3
KoHTpoJIbHBIM 06pasel] (KOHEYHOE 3HaYEeHHE) 7,6 7,5 7,7 7,6 (+20%)
JKCIepMMEeHTAJIbHBIA 00pasel] 10 00P. 6,4 6,1 6,1 6,2
JKcIepHMeHTaIbHbIH 06paser] nocjie o6p. 8,8 8,6 9.0 8,8 (+39%)

O6pasel KJ1IeTOYHOU KYJIBTYPhI

KoaddunyeHT nposrpepaTUBHON aKTUBHOCTH KJIETOK

KoHTpoJibHBIN 06pa3zerll

2,2

JKCIepuMeHTaJIbHbIM 06pa3sel]

3,4 (+54%)

124




JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEPUMEHTHI C KYJILTYPOH CTBOJIOBBIX KJIeTOK 4yesioBeKa (MockBa), 2005 .

* Asmaniymos A. III., pykoBoguTeb » OCYIIeCTBJISIJI reHeparulo MarHuTO-
MockoBckoro MHcTUTyTA COJIUTOHHbIX BoJIH B PST Ha ycTaHOBKe
Kubepuetnueckout Megunuusl (MUKM) COOCTBEHHOUW KOHCTPYKIIWH;

* 3b16UH /I. B, K.0.H., BeAyLl[Uil HAyYHBIN » OCyLIeCTB/IsII  00liee  PYKOBOACTBO U
coTpyaHHK oTfena N4 AO « BHoXHMMalI», OTB€YaJ 33 JAHM3aHH  NPOBOASILIMXCH
AUPEKTOop 0OAO «j[eﬁTpaH» IKCIIEPUMEHTOB, HemnocpeaCTBEHHO

OCYLIEeCTBJISAJ 3KCIIEpUMEHTAJIbHbIE
paboThI;
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JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEPUMEHTHI C KYJIbTYPOH CTBOJIOBBIX KJIETOK 4esioBeKa (Mocksa), 2005 r

* B 3kcneprMeHTe HCIOJIb30BaHbl Me3€HXUMaJibHbl€ CTBOJIOBbIE KJIETKHU
(MCK) 4esi0BeKa NOCTHATaJbHOTO MIPOUCXOXK/IEHHUS.

* CTaHAapTHbIE KJETOYHbIE KYJbTYPbl, KaK 00bIYHO, IOApPa3/eJsJIMCh Ha JiBE
yacTH: IlepBasgd 4YacTb - 3KCIOEepUMEHTaJbHas, NpeJHa3HayeHHad [OJsd
00pabOTKHU B YCTAHOBKE, U BTOpAasi, NpeJHa3Ha4YeHHas JJif LleJled KOHTPOJIS.

« 06e 4YacTH HaXOAWJHCb B OJUHAKOBBIX YCJIOBHUSAX KYJbTUBUPOBAHUS B
MOHOCJIOMHOM KyJbType. B mpoliecce KyJbTUBHUPOBAaHUS OCYIIECTBJIAJICS
AHTUKOTAMHWHAIlMOHHbIM KOHTPOJIb. B peryiauuyu npoaudepanuu MU
nuddepeHIMpoBKU MCK HCIo/1b30BasioCch CUCTEMAaTHYECKOE BKJKOYEHHE B
NpoLecC KyJbTUBUPOBAaHUS (B POCTOBYI CpeAy) POCTOBbIX (PAKTOPOB H
[IUTOKUHOB ((QaKTOp poCTa CTBOJIOBbIX KJIETOK, 3PUTPOINO3THHBHI,
KOJIOHUECTUMYJIMPYIOIIHME (PAKTOPbl, HHTEPJIEMKUHbI, UHTEPPEPOHHbI), YTO
06ecrneynsio HEOOXOAUMYIO NJIUTENBbHOCTD U 1€ KYJbTUBUPOBAHUSI.

126



JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIEPUMEHTHI C KYJIbTYPOH CTBOJIOBBIX KJIETOK 4esioBeKa (Mocksa), 2005 r

* Yepes 30 cyToxk mnocje Hayajsa KyJbTUBHUPOBAHHUSA 3KCIepUMeHTaJlbHasdA
4aCTb B TeYeHUU 4 CYyTOK TIoJBeprajacb BO3JEWUCTBUIO MarHUTO-
COJIMTOHHBIMW  BOJIHAMHM  HeCylUXx  (PpakTaJbHYl0  HHOOpPMAIUIO
KapJAMOMHUOLIUTOB (KJIETOK cep/ilia) B TedueHUH 60 MUHYTHBIX CEAHCOB.

e [locsie 3aBepllleHUSA BCeX CEaHCOB BO3/eHCTBUSA 3aJlaHHbIN pPEXUM
KyJIbTUBUPOBAHUS ObLJI IIPOJOJIKEH ellle B TEUeHHe YeThIpex CyTOoK. O0iee
BpeMs KyJIbTUBUPOBAHUS COCTAaBHUJIO, TAKUM 00pa3oM, 38 CyTOK.

e Jlna onpeaeneHWs pe3yJbTaTa B O000HMX YacCTdX: KOHTPOJBHOHW W
3KCIIepUMEHTaJIbHOHU MMMYHHOTUCTOXUMUYECKUMU 5
[UTOMOPHOJIOTUYECKUMU METOlaMH ONpeesirCh OCHOBHBIE
XapPaKTEPHUCTUKHU KJIETOUYHOU KYJAbTYPHI:

» [Ipo1eHT »XU3HEeCIOCOOHOCTH - %2K;
»[IpoLieHT KapAUOMUOIMTOB OT OOIIEro KOJU4YeCTBa KAeTOK - %K;

>WHjekc npoandepanuu ip. 127



JKCIepUMEeHTAJIbHOE UCCJIelJOBaHHE YIIPABJIAKIIETO
BO31eICTBUS MarHUTO-COJTUTOHHBIX BOJIH B ST
Ha KJIETOYHbIE KY/ILTYPhbI

JKCIIepUMEHTHI C KYJIbTYPOH CTBOJIOBBIX KJIETOK YesioBeka (MockBa), 2005 r

PesysibTaThl M3MepeHUH 1

XapaKTepUCTUKA JKCIlepUMeHTaJIbHAad 4acCTh KoHTpoJ/ibHada 4acThb

%K - npouent xusnecnocobHOCTH 98,8 98,2

Ip -wHjekc nponudepaluu 3,2 2,6
%K - npoueHT KapanommounTos 17 9

PesynbTaThl U3MepeHU 2

%K - npouenT xusnecnoco6HOCTH 99,2 98,4

Ip - unpexc nponudepanum 3,6 (+21%) 3,0
%K - npoueHT KapanomunoLmnToB 21 (+82%) 12
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MarHuTo-COJIMTOHHBIE BOJIHBI B ST
SKCIIEPUMEHTEI C pPAAHOAKTUBHBIM pacnaoM

PagnoakTUBHBIN pacnaj — gBJjdeTcs QyHJAAMEeHTOM COBPeMeHHOW (U3UKH,
OTHOCHUTCS K YCTOUYUBBIM IIPOIleCCaM, HMMEIIUM HaAeKHOE TeOPETUYECKOE
00OCHOBAaHMUe.

ITOT MpPOIECC UMEEeT CTAaTUCTUYECKHH XapaKTep, TaK YTO 3aKOHOMEPHOCTU
pPaJIMOAKTUBHOTO pacnaja IpPOsBJSAITCA TOJIBKO B CpeJHEM, T.e. B CJy4ae
pacmnaja JIoCTaTOYHO 60JIbIIOr0 KOJIMYeCcTBa s/1ep.

CorjlacHO COBpPEMEHHBIM MpeACTaBJEHUSAM, YHMCJIO0 HCOYCKAaeMbIX 4YacTHUI, B
eIJUHULy BpeMEHH CHHXKAeTCSd [0 3SKCIOHEHIMaJbHOMY 3aKOHY C
GAYKTyalus MU, COOTBETCTBYIOIIUMHU pacnpegeneHuro [lyaccona.
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MarauTo-COJTMTOHHBIE BOJIHBI B ST
3KCIIEpUMEHTEI C pPAAUOAKTUBHBIM pacnaaoM

YpaBHeHUe pailMOAKTUBHOIO pacna/ia, olMcbiBawllee yobIBaHHE
CO BpeMeHeM CpeAHEro 4yucja paguoaKTUBHBIX siflep UMeeT BU/L:

N= Nge ™

rae A- nocTossHHas paJlJMOAKTUBHOTIO paclaja, XxapaKTepu3ylolas
ero MHTEHCUBHOCTb.

B kauyecTBe Apyrouv Mephbl, CBI3aHHOU C KOHCTAHTOU A, HO
ABJIAIOILEUCS, CBOEr0 Po/id, MEPOU YCTOMYUBOCTH PAJUOAKTUBHOTO

HYKJIN/1A, CJIY2KUT EPUOT nonypaclnaaa T
n2
T = —
A

130



MarHuTo-COJTMTOHHBIE BOJIHBI B ST
SKCIIEpUMEHTEI C pAAHOAKTUBHBIM pacnaaoM

BesnnuyvHa mnepuosa mnoJiypacnaza I°  LeJIMKOM OIpefesisieTcs
BHYTPEHHUMH CBOMCTBAaMH PAJIMOAKTUBHBIX SIZIEP U HE 3aBUCHUT OT
OKPY?KaWIUX YCJAOBUM: TeEMIlepaTyphbl, AaBJEHHS, XHUMHYECKOIO
COCTOSIHUS U JPYyrux (QaKTOpoB, 4YTO MHOTOKpPATHO ObLIO
[OATBEPXKAEHO MHOTOYHCJIEHHbIMU OIIbITAMH.

[leppoabl moJsiypacnaja pasIMYHbIX PaJUOaKTHUBHBIX H30TOIOB
M3MEHAIOTCS B OYeHb IIMPOKHUX Npejiesax.

Tak HampuMmep, nepuoh noaypacnaga “'°Po pasen 138401 neHb,
212po (THC) - 3,04- 1077 cek, **®Ra - 1617 ner,

232Th - 1,39 - 1019 jer.
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MarHuTo-COJTMTOHHBIE BOJIHBI B PST
3KCIIEPUMEHTEI C pPAAHOAKTUBHBIM pacnaaoM

B cooTBeTCTBUM C IpejJiaraeMOM HaMH TeOpHeH, TeHepalyds MarHuToO-
COJIMTOHHBIX BOJIH (CHUJIBHOTO B3aMMOJEWUCTBHUSA) C BO3MO>XHOCTBIO
NMPUMEHEHHS ABYX PEXKMMOB: M3JIyY€HHUS WM aKTUBHOIO moryiouieHus B 7ST -
JNOJDKHBI pe3yJbTaTUBHO BJIMATH Ha aHTUMATEPHUIO COCTABJIAKIILYI aTOM H
/PO B IPOCTPAHCTBE-BpEMEHH OTPHUIATEJNBbHON KPUBU3HBI VST,

B KOHeyHOM UuTore, TaKoe BOSACIZCTBPIG ITIOBJINAET Ha XdpPaKTEPHUCTHUKH
PaJHUOdKTHUBHOI'O pAacliaga, KOTOpPpblI€ MblI CMOXEM 3aperucCTpupoBaTb C
HCIIOJIb3BOBAHHUEM COBPEMEHHBIX JETEKTOPOB U METO/0B.

Takue sKcnepUMeHTbl HEOJHOKPATHO MNPOBOJAWJINCHL HaMU B MOCKOBCKOM
HMuctutyTe Kubepuetnyeckor Meguuunsei ¢ 2002 ropa.

Ho TOr'’Ad Mbl HE UMEJIHU IIOHATHUA C HEM UMeeM AeJI10.
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MarHuTo-COJTMTOHHBIE BOJIHBI B ST
SKCIIEpUMEHTEI C pAAHOAKTUBHBIM pacnaaoM

* [lpuHUUMNIMA/IbHAA
CxeMa 3KCIIepUuMeHTa:

Y
I

_
_

__» [JosumeTp

['enepaTtop
MarHUTO-COJIUTOHHBIX
BOJIH:

U3Jly4aTellb;

* aKTHBHBIH NOIJIOTUTEJID.

UCTOYHUK
PaiMOAKTUBHOCTH

AKTHBHOE OKHO
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MarHuTO-COJTUTOHHBIE BOJIHBI B ST
SKCIIEpUMEHTEI C pAAHOAKTUBHBIM pacnaaoM

JKCIIepUMEHThI C MCTOYHUKAMHU « — dacTul “3?Pu u f -vyacrun, °°Co

Kag)aBaﬁKHH A.B,, 3aBesyronun
Jlabopatopueu «Bera»

MockoBckoro MucTuTyTa
Kubepnetuueckout Meguuunansl (MUKM)

[TapxomoB A.L', kK.¢.-M.H. (MI'Y)

dunaperosB ['D., A.T.H., npodeccop (MIN),
[[Hpellc)Top (MI/II-C%/I) podeccop ( )

pa3paboTas OY _
paspaboTaJ u3Jjiy4aTesb U aKTHBHBIN
[OTJIOTUTEAb COOCTBEHHOM KOHCTPYKIUY;

pa3paboTaJs annapaTypy AJis IpoBeJeHUs
SKCIIEPUMEHTOB Ha OCHOBE IraJIOreéHHbIX
CYeTYUKOB ['errepa u
[IOJIYIIPOBOJHUKOBBIX [IETEKTOPOB;
IPUKJIaJiHOe IIPOrpaMMHOe 06ecIieYeHue;
METO/IMKA U3BMEPEHUU U TPOBEEHUA
3KCIIEPUMEHTOB;

OCYI1eCTBJISIJI PYKOBO/CTBO 110 00paboTKe
[OJIYy4eHHbIX JaHHbIX B MUKM;
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MarHuTo-COJIMTOHHBIE BOJIHBI B ST

IKCIIEPHUMEHTDLI C PAANOAKTHUBHBIM pPaCliIaOM

1.

JKCIleprUMeHTa/bHasi YCTAaHOBKA BKJIlOYAaJla B Cebs COOTBETCTBYHOIIUU
MCTOYHUK PAJAUOAKTUBHOI'O H3JIy4YeHHUA, HAETEKTOP H3Jy4YeHUSA C
NpeAyCUJIUTENIEM, OCHOBHOM YCHJIWTEIb-QOPMUPOBATE/Sb HMIIYJILCOB,
CYETYMKOBOE YCTPOMCTBO, TII0O3BOJIAKOIIEE C BBICOKOM TOYHOCTBIO
GHUKCUPOBAaTh HWHTEpPBAJ] BPEMEHH, B TEYEHUE KOTOPOro IMOSBJISETCS
3aJlaHHO€ KOJINYeCTBO MMIYJbCOB K, U IepedaBaTb 3Ty MHPOPMAIMIO B
KOMITBIOTED, C TIOMOIIbI0 KOTOPOTO OCYIIECTBJASETCSA HAaKOIJIEHHWE JJaHHbIX
Y yIIpaBJIeHHE X0 0M 3KCIIEpUMEHTA.

YCTpONCTBO T€HEPATOP MAarHUTO-COJIMTOHHBIX BOJIH B J[BYX peEXHMaXx:
M3JIyYeHUs WU aKTUBHOTO MOIJIOIeHUS.
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MarHuTo-COJTMTOHHBIE BOJIHBI B ST
SKCIIEpUMEHTEI C pAAHOAKTUBHBIM pacnaaoM

Jlnsd n3MepeHMM aKTUBHOCTU OeTa W raMma HMCTOYHHKOB HCII0JIb30BaJUCh
rajioreHHble cyeTyMKu ITeurepa CTC-6, a pgud anbda UCTOYHUKOB -
I10JIyIpOBOAHUKOBBIE fieTeKTOpbl CU-8B1.

AJIH CHUXKeHMUS BJIMSIHUS U3MEHEHHU U TEeMIIEpaTypbl TEPMOCTATHUPOBAJINCH HE
TOJIBKO A€TEKTOPHBI C IpeaAyCU/JINTE/JIAMHAU, HO U HCTOYHHUKH IITMTAHHA.

B xome Kaxaoro skcnepuMeHTa QUKCUPOBAJIOCh aOCOJIIOTHOE BpeMs
MOSIBJIEHUSI KaXKJ0ro K -ro UMIyJibCa, BpeMEHHOW WHTEpBaJ MEXAy AByMs
COCeJHUMU UMNyJbCcaMHu £*, MOMEHTbl BpeMEHH, COOTBETCTBYIOIYE HAYaAy U
KOHIy BHEIIHEro BO3JEUCTBHS H3JlydaTesled / aKTHUBHBIX IOIJIOTHUTEJIEN
MarHUTO-COJIMTOHHBIX BOJIH.

MHTepBas  HaOJIOJEHUS  3aJaBaJicd  3KCIEPUMEHTATOPOM W MOT
BapbUpPOBAaThC B IIUPOKHUX IpejiesaX; MECTOIOJIOKEHWE W AJIUTEJNbHOCTD
BHEIIIHET 0 BO3/IEMCTBUS BbIOWPAJIUCh HEKOTOPBIM CJIY4alhHbIM 00pa3oM.

136



MarHuTo-COJTMTOHHBIE BOJIHBI B ST
SKCIIEpUMEHTEI C pPAAHOAKTUBHBIM pacnaaoM

Bcro COBOKYNHOCTb 3KCIIEPUMEHTOB MOXKHO pa3fieJIMTh Ha JiBE€ TPyINbl IO
XapaKTepy BHEIIHEro BO31eCTBUL:

1. BHelllHee BO3JeWCTBHE MPOU3BOAUTCH IMYTEM HCIOJb30BAHUSA PpeEXKHUMA
M3JIy4eHHUS] MarHUTO-COJIMTOHHBIX BOJIH;

2. BHemHee BO3J€WCTBUE IPOU3BOAUTCA NYTEM MUCIOJb30BAaHUS PeEXHMA
AKTUBHOI'O MOIVIOLLEHUS MarHUTO-COJIUTOHHBIX BOJIH.

Jlasiee mnpejcTaBjeHbl rpad®yKH, HAIJISAHO OTOOpa)KalollUue HEKOTOphble U3
OJIyYEeHHbIX 3KCIIEpUMEHTaJbHbIX JAaHHBIX A/ PEXXUMOB 1 U 2.
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MarHuTo-COJTMTOHHBIE BOJIHBI B PST
SKCIIEpUMEHTEI C pPAAHOAKTHUBHBIM pacnaaoM

 Hapuc. 3,5,7,9, 11, 13, pacnoJsio’KeHHBIX CJ1eBa IPUBEAeHbl UCXOAHbIE

peajiM3allid HWHTepBaJioB ¢* , a TakXe BblJeJieHbl BpeMeHHDble
MHTEpBaAJIbl, B TeYeHHEe KOTOPbIX OCYLIEeCTBJIAJOCh BHEIIHEe
BO3/1€eICTBUE.

* Ha puc. 4, 6, 8, 10, 12, 14, pacnoJio)XeHHbIX CIpaBa IpPHUBEIEHBI
pe3yabTaTbl O00pPabOTKM HCXOAHBIX peaJU3allud C [OMOIIbIO
[IPOCTeUllero GUJbTPa CKOJb3SIIEr0 CpeiHEr0, MO3BOJUBIINE OOJIE
YETKO BbIJEJUTh PaKTUYECKHE I'PAHHUILbl UBMEHEHUSI HUHTEHCUBHOCTH
pPafUOAaKTUBHOIO pacnaja IoJ JAeHCTBHEM MarHUTO-COJUTOHHBIX
BOJIH.
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MarHuTO-COJTMTOHHBIE BOJIHBI B ST
3KCIIEPUMEHTHI C pPAAHOAKTUBHBIM pacnaoM

Pexxuwm 1. UsnyyeHue
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PucyHok 3 - UcxogHas peasiu3anus MHTEPBAJIOB PucyHoK 4 - Peasin3anus MCX0JHOTO MPOIECCa,
(mpumep 1-1) Cr/IakeHHast PUJIBTPOM CKOJIb3S1L,ero cpegHero

no 15 roykam (mpumep 1-1)
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MarHuTo-COJTMTOHHBIE BOJIHBI B ST
SKCIIEPUMEHTEI C pPAAHOAKTUBHBIM pacnaoM

Pexxum 1. U31yyeHue
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PucyHok 5 - UcxoaHas peasiM3anyusa MUHTEPBaJIOB
(npumep 1-2)
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PUCyHOK 6 - Peasin3anus UCXOAHOTrO NMpoIecca,
CryiaxxeHHasi PUJIBTPOM CKOJIb3SIIEr0 CpeAHero
no 15 Toukam (nmpumep 1-2)
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MarHuTO-COJTMTOHHBIE BOJIHBI B ST
3KCIIEPUMEHTHI C pPAAHOAKTUBHBIM pacnaoM

Pexxum 1. UsnyyeHue
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PucyHok 7 - UcxoaHas peasin3anusad MHTEpBaJIOB
(npumep 1-3)

02.03.2018

Teopusa enrHOM camocorjiacOBaHHOU BcesrleHHOM
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PucyHOK 8 - Peasin3anusa MCXOAHOTrO NMpoILecca,
CI/IaKeHHast QUJIBTPOM CKOJIb3ALILero cpeHero
no 6 Toukam (mpumep 1-3)
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MarHuTO-COJTMTOHHBIE BOJIHBI B ST
3KCIIEPUMEHTHI C pPAAHOAKTUBHBIM pacnaoM

PeXuM 2. AKTUBHOE IIOIVIOIIEHHUe
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Pucynok 9 - UcxoaHaa peaiu3anus MHTepBaoB PucyHOK 10 - Peasm3anusa ucXoAHOro npoiecca,
(npumep 2-1) CIVIaXKeHHast QUJIBTPOM CKOJIb3ALEro cpeHero
no 20 Toukam (mpumep 2-1)
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MarHuTO-COJTMTOHHBIE BOJIHBI B ST
3KCIIEPUMEHTHI C pPAAHOAKTUBHBIM pacnaoM

Pe:xyM 2. AKTUBHOE€ NOIVIOILlEHU e
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PucyHok 11 - UcxoaHasa peaju3anus HHTepBaioB PHcyHOK 12 - Pea/mmsanusa MCXo4HOrO0 Ipounecca,
(npumep 2-2) CIVIaXKeHHast QUJIBTPOM CKOJIb3ALIEero cpejaHero
no 10 Toukam (mpumep 2-2)
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MarHuTO-COJTMTOHHBIE BOJIHBI B ST
3KCIIEPUMEHTHI C pPAAHOAKTUBHBIM pacnaoM

PexuM 2. AKTMBHOE IOIVIOILlEHUuEe
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PucyHok 13 - UcxogHad peasin3anus HUHTEPBAJIOB
(npumep 2-3)

02.03.2018

Teopusa enrHOM camocorjiacoBaHHOU BcesleHHOU

t, mC
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PucyHoK 14 - Peasin3anua ucXoaHOro npouecca,
Cr/Ia>keHHasi QUJILTPOM CKOJIb3A1Eero cpeHero
o 20 Toykam (nmpumep 2-3)
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MarHuTo-COJIMTOHHBIE BOJIHBI B PST

IKCIIEPHUMEHTDLI C pPAANOAKTHUBHBIM pPaAClIaAO0OM

AHaJin3 NpUuBeieHHbIX I'Pa®HUKOB MO3BOJISET NPUUTHU K CJIEAYIOIIUM BbIBOJAM:

MMET MEeCTO YeTKO BbIpaKeHHble M3MEeHEHUSI B MHTEHCUBHOCTHU IOTOKa
MMITYJIbCOB OT pPaJUOAKTUBHOIO HCTOYHHUKA, 3a()MKCUPOBaHHbIE
SKCIIEPUMEHTAJIbHOW  YCTAHOBKOW, IMpPAKTUYECKHM COBHAJalIue II0
MEeCTOIIOJIOXKEHUIO Ha IlIKaJle BPeMEeHU U MO0 JAJUTEJbHOCTH C BHEIIHUM
BO3EUCTBUEM;

HalpaBJEHHOCTb M3MEHEHUS HWHTEHCHBHOCTHU HAINPSMYK 3aBUCHUT OT
XapaKTepa BHEIIHEr0 BO34EUCTBUS, 3 UMEHHO:

>NpPU UCNOJIb30BAaHUSI peXHUMa M3Jy4YeHUs HWHTEHCHUBHOCTb IIOTOKa
yBeJIMYuBaeTcsd (BpeMeHHble HWHTepBasibl MeXAy JABYMsS COCEJHHUMH
UMITyJIbCaMHU £*B cpeilHEM YMEHBIIAKTCS),
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MarHuTo-COJIMTOHHBIE BOJIHBI B PST
SKCIIEpUMEHTHI C paAUOAKTUBHBIM pacnaoM

»>a MPH HUCII0Jb30BaHUHU PEXHMMa aKTHUBHOIO IMOIJIOIEHUSI HHTEHCUBHOCTD
[IOTOKa yMeHblIaeTca (BpeMeHHble HWHTepBa/ibl MexXAy [AByMs
CoCeJHUMH UMIyJIbCaMU £*B cpeJlTHEM YBEJNUYHNBAKOTCS).

* MHOTOYUCJIEHHbIE OMNBbIThl IOKa3bIBalOT, 4YTO 3(Q@EKT BOCHPOM3BOAUM MU
OOHapY>XHWBAETCS HAa & U S UCTOYHHKAX.

* pe3yJbTaTbl M3MEPEHHM IMOKa3bIBAlOT IPHHIUIHAIBHYIO BO3MOXXHOCTh
HapylleHUs pacnpegeneHus [Iyaccona.
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MarHuTo-COJIMTOHHBIE BOJIHBI B ST
SKCIIEPUMEHTEI C pPAAHOAKTUBHBIM pacnaoM

HEAOCTaTKI/I IIPOBEAEHHOTI'O 3KCIIEpHUMEHTA.

* OCHOBHBIM HEJOCTAaTKOM SIBJISIETCI HEBO3MOXXHOCTh MCKJIIOYUTb BJIUAHUA
YCTPONCTBA  TE€HEPUPYIOLIETO MarHUTO-COJIMTOHHbIE  BOJIHBI Ha

PErucTpHUPYIOIIYIO aNapaTypy.

 Jlnd ucnpaBJieHUS YKa3aHHOI0 HeAO0CTaTKa HaMH ObUIX IIpeAJIoKeHbI ApyTrUe
BapMaHTbl 3KCIIEPUMEHTOB, HampUMep C MCNOJb30BaHMEM TraMMaBH30pa,
TPeOyIOIUX AAJbHEUIIUX TIATE/IbHBIX UCC/IELOBAHUM.
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[Ilpumenenue ycrporctBa EP FECT B MmeguniHe:
be3onepanoHHOe JiedyeHHe KaTapaKThI

* B KayecTBe BellleCTBA-UCTOYHHKA gﬂﬂ InpoBeaceHnud CIEKTPOMETPHHU B
MAIrdvuTO-COJIMTOHHBIX BOJIHAX B ST -  ObLIU BbI6paHbI INelnrTnuabl,
BbIJE€JI€EHHbIC N3 CETYATKHU I'J/la3d, CTUMYJIMPYIOIIHUE POCT HOBBIX COCYAOB.

* [loiydyeHHble AUX ObLJIM HallpaBJEHbl HA T€HEPATOP MArHUTO-COJIUTOHHBIX
BOJIH, pa0OTAKIIMU B peXUMe U3Jy4deHUs. JlJaHHbIM CUTHAJl B TEYEHHUU 2
4acoB OblJ HampaBJieH Ha ¢usuosorndyecku pactBop NaCl 0,9% wu kamiu
JLJIA TJ1a3.

 becitatHbiM Kypc 10 - gHeBHOM Tepanuu npouind 6oJiee 60 4YesOBEK,
KOTOPbIM B/BEHHO BBOAUJICI 00pabOTaHHbIM (PHU3UOJIOTUYECKHM PACTBOP
NaCl 0,9% u kanuu A4 r71a3 3aKalblBaJUCh ABaXKAbl B IecHb. B pe3ysibTaTe
00'be€M M IJIOTHOCTb KaTapaKThl CYLIECTBEHHO YMEHBIIUJINChH, YBEJUYUJIACH
OCTpOTA 3peHUd, UYTO IOATBEPXKAEHO MEIUIUMHCKHUMU HUCCIeJlOBaHUA U
3aKJIOYEHUSIMU Bpaya.
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be3onepalnoHHOe JiedyeHHe KaTapaKThI
Kcenus IleTpoBa, K.M.H., Bpad 0pTaJIbMOJIOT

Bugeo: «O kaTapakTe», 5:38

«CTUMYJIALIMA aHTUOTEeHe33a,
yJAydllleHHe KPOBOCHA0KEHUA
IJia3a B L[eJIOM, CETYATKH,
3pUTEJIbHOIO HEPBA.

Bce 3T0 mo3BoJIAeT IPOBECTU

3P GEKTUBHY IO
[[eJIeHaNpPaBJIEHHYIO
Teparuio: YAYYIIUTD
KayeCTBO 3PEHHUS],

OBBICUTD YEeTKOCTb W
SIPKOCTbY.
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be3onepalnoHHOe JiedyeHHe KaTapaKThI
Kcenus IleTpoBa, K.M.H., Bpad 0pTaJIbMOJIOT

[Ipe3enTanuda 19:20
O6pa3oBaHKEe HOBBIX BEHYJI U
apTepHoJ B CeTYaTKaxX 000X
rJ1a3, yMEHbIIEHUE 00 beMa
MOPAKEHHOTr0 Y4acTKa
XpyCTaJIMKa, YJy4lIeHUE
OCTPOTHI 3pEHMUH,
IPOJIOHTUPOBAHHOCTD
s¢deKTa — BOT JaJIeKO

He IOJIHbIU IlepedyeHb
pe3yJibTaTOB IPUMEHEHUS
HOBOTI'O Ipenapara
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be3omnepaloHHOE JieUeHUEe KaTapaKThI
CTaTUCTUYECKHUE JJaHHbIe Ha AHBapb 2012
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Ycrpouctso EP FECT u nepcoHa/sibHOE
JledeHH e OHKOJIOTHYECKUX 3a00J1eBaHUU

YcrporictBo EP FECT mo3BoJisieT NprOJM3UTBHCSI K MeUTe YeJoBeyecTBa
00 3P PEKTUBHOM II€pPCOHAJIbHOM JIEYEHUH paKa.

JTO OCYLIECTBJISIETCS IO CJIEAYIOIIEMY aJITOPUTMY:
1. Bepetcsa 6uorncus (He60JbII0OM pparMeHT) OMYXOJIU YeJIOBEKA.

2. OcyllecTBaseTCSd CIEKTPOMETPHUS 3TOro ¢pparMmeHTa — 1 B MarHuTo-
COJIMTOHHBIX BOJIHAX, YTO MO3BOJIAET MOJY4YUTh ero AUYX - 1;

3. IlonyyeHHble AUX - 1 momarwTcd Ha OTpULIATEJbHBIU H3Jy4aTeslb
(AaKTUBHBIY NOIJIOTUTEJIb ), KOTOPbIK OCYIECTBJsIET BO3JIEUCTBHE HA
GH3UO0JIOTUYECKUM PACTBOD.

4. JlaHHBIKM PU3UOJOTUYECKUUN PACTBOP BBOJAUTCS MALlMEHTY B/BEHHO.
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Ycrpouctso EP FECT u nepcoHa/sibHOE
JledeHH e OHKOJIOTHYECKUX 3a00J1eBaHUU

OnyxoJib HAYMHAET YMEHbIIATbCSA B pa3dMepax, HO Yepe3 HEKOTOPOE
BpeMS, KOTOpOe HABJSEeTCd HWHAWBUAYAJbHBIM [JIA KaXXJO0I'0
namueHTa - 3QPEKTUBHOCTD JIEUEHHS CHUXKAETCS.

Ocy1ecTBJIAETCA MOBTOPHAsA CIEKTPOMETPHUS HOBOro ¢pparMeHTa-2
OIYXOJIMU B MarHUTO-COJIMTOHHBIX BOJIHax - ee A4YX - 2
BHU/JOM3MEHUJIUC.

M3menennble AYX - 2 mojalrTca Ha aKTUBHbIA  IOIVIOTUTE/b W
OCYIIECTBJIAETCA BO3JEHCTBHE Ha (QU3MOJOIMYECKHEe pPacCTBOPHI,
KOTOpbI€ BBOAATCS NAlMEHTY.

OHYXOJH) CHOBA HAYHMHAET YMEHbIIATHCA B pa3MeEpPAX.

JlaHHBIA aJICOPUTM IOBTOPAETCA HE00X0AUMOe KOJIMYeCTBO pas3s
(UTepauyi) A0 MOJHOTO JIM3UCA OIYXOJIH.
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[IpuMep nepcoOHaAJILHOTO JIEYEHHS paKa C

ucnosb3doBaHnrueM ycrpoructsa EP FECT

Ms. Suno Wood o6patuiace kK HaM mocje
IIPOBEAEHHBIX 00C/IEeOBAaHUU B KJIMHUKE
YnpaBsenua [enamu Ilpesugenta PO wu
6oJibHUILEe JIOHAOHA.

B 060uX MeAUIIMHCKUX YUYPEXIEHUAX OBbIJI
[IOCTAaBJIEH JWarHo3 ONyXoJb MOJIOYHOHU
KeJie3bl, pasmepoMm 1,6 x 2,5 cm.

[Tocnie mnpoBegeHHOro 16-TM JHEBHOTO

Kypca Tepanuu C IpYMeHEeHHEM
yctpouctBa EP FECT , onyxoJ/ib OJIHOCTBIO
Mcuyesa, 4TO 3apHUKCUPOBAHO B

IOBTOPHBIX MeAUILIMHCKHUX MCCJel0BAaHHUAX
Kak B Poccuu, Tak ¥ B AHIJIMH.

s caydaga Suno Wood moHamob6uvch 2
UTEpPaLUH.

Ms. Suno Wood (AHrnus)
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[I[pruMep nmepcoHaJIBHOTO JieYeHUS paKa C
ucnosb3doBaHnrueM ycrpoructsa EP FECT

Ms. Suno Wood
(AHrIHSA)

Bugeo: 1:41

155



[llecTh 6A30BLIX TIAPAaMETPOB B
AGCOJIIOTHOM IIPOCTPAHCTBe-BpeMeHHU “ST

MeTpuka B reomeTpuu EBKIHIa onipeaesisseTcss OpMYJIOu:
§% = (dx* + dy* + dz?)
COOTBETCTBEHHO,

S =/dx? + dy? + dz?
C y4eTOM COOTHOILIEHHS, CBSI3bIBAIOILETO PACCTOsIHUE S, CKOPOCTh V 1 Bpems T
Jdx2 +dy? +dz2 =V xT

Heob6x011MO 106aBUTH B JIEBYIO YaCTh YPAaBHEHUS IIapaMeTp KPUBHU3HBI {2
paccTosgHUsA-paguyca chepbl paBHoro 1/82.

[IppupaBHUBaeM BCe Havya/IbHble 3HAYE€HUS TapaMeTPOB K MapaboIndeCcKou
MHHMOU eJUHUIIE U 3alIUIIEM:

2 xdx?+dy> +dz2 =V xT
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[llecTh 6A30BLIX TIAPAaMETPOB B
AGCOJIIOTHOM IIPOCTPAHCTBe-BpeMeHHU “ST

Jlo6aBUM B ypaBHEHHE ellle ABa lTapaMeTpa: TeMmnepatypy K v rpaBuTanuio G,.:

 Bo-nepBbIX, TeMnepaTrypa ‘K B HabJyo0gaeMOM HaMM IPOCTpaHCTBa-BpeMeHa ST
MaKCMMaJbHa B IepBblii MOMeHT BB, B To BpeMd Kak paccTosHue “S MUHMMa/bHO.
Bo-BTOpBIX, 4eM 6oJiblle TeMOepaTypa K TeM Bbllle CKOPOCTb “V;

 [paBuTanua G, B IpOCTpaHCTBa-BpeMeHa ST ABJISAETCA  CUJIOH
NPOTHUBOJENCTBYOIIEN (CTpeMAlIEWCcsI KOMIIEHCUPOBATbh) pacCUIMPEHHUI0 3TOro
IpocTpaHCcTBa-BpeMeHU. Ciief0BaTEeNbHO,

Kx2xdx?+dy?+dz2=VxTXG,

Jlng Toro, 4YTOoObBI HaM IPOBECTU YaCTHUYHOE paccioeHue AOCOJIIOTHOrO
poCTpaHCcTBa-BpeMeHH “ST Ha mpocTpaHcTBa-BpeMeHa ST u PST Bce 3Ty mectsb
napaMeTpOB MPUPABHUBAKTCA K NapaboJndyecKorn MHUMOH eguHuIe 1.

rae, K = I (temneparypa); G,, = I (rpaBuTanus)
) = I (kp¥BHU3HA); S = I (paccTosiHue)
V = I (ckopocTh); T = I (BpeMA) 157




HykJieocuHTE3 B TpeX
[IPOCTPAaHCTBEHHO-BpeMeHHOHU BcesieHHOH

* [Ipob6seMa TepBUYHOI'0 HYKJIEOCHUHTE3a B KOCMOJIOTUYeCKOU Monesu ACDM
3aKJII0YAaeTCd He CTOJIbKO B ~3 pasa MeHblleM KoJjun4dectBe JIUTUA-7 1O
CPaBHEHUID C TeOpeTUYECKUMMH pacCy€TaMH, CKOJIBKO H3-3a OTCYTCTBUA
KaKoro JIM00 MPHUEMJIEMOrO MOAX0Ja K 00'bsICHEHHWIO 00pa30BaHUS TsDKEJIbIX
3JIEMEHTOB.

* B Tpex ImnpoCTpaHCTBEHHO-BPEMEHHOW MoOJeJU CTpoeHUsA BcesieHHOM
HepBH‘{Hbel 151 HOCJIG,LLYIOH.U/IIZ HYKJII€OCHUHTE3, BKJ/IIO9dd CHHTE3 TAMXKEJIbIX
JIEMEHTOB IIPOUCXOAUT II0 IIPHUHOWUIIMAJIBHO APYroMy CHOEHAPHIO. OH
CTPOUTCA Ha OCHOBE Tpex IMPOCTPAaHCTBEHHO-BPEMEHHOU YacCTHlie-
COJIMTOHHOU MOJIeJIM aTOMa U aTOMHOro AAapa (cM. [1aBy 8).

o Jlerkue 3JieMeHTbI 00pa3ylOTCAd B INPOCTPAHCTBe-BpeMeHU -ST NpaKTUYecKH
CUHXPOHHO C 06pa3oBaHUEM TKeJIbIX 3JIEMEHTOB B IPOCTpaHCcTBe-BpeMeHu PST.
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CpaBHUTeJIbHbIE CBOUCTBA U XapaKTEPHUCTUKHU

npocrpadHcTB-BpeMeH “ST u PST.
CBoiiCTBa ¥ XapaKTepUCTUKHU BpeMmeH ‘T u °T

[IpocTtpaHcTBO-BpeMAa “ST

1 coaHeuHbld roa = 365.2564
cyToK / 1 cyTku = 24 yaca / 1 4ac

= 60 mMuHyT / 1 MuHUHyTa = 60
cekyHg / 1  cekyHaa =
9.192.631.770 nepuogam
M3JIYyYY4EHUSI  COOTBETCTBYIOILEMY
[Iepexoay MeXy JABYMS
CBEPXTOHKUMHU YPOBHSMH
OCHOBHOIO  COCTOSHMSI  aToMa

ne3ud-133 B nokoe, npu 0K.

[lpoctpancTBo-BpeMs P ST

Bpema PT moxHO oxapakTepusoBaTb

Kak: BHYTpPEHHEE, CKPBITOE,
LIUKJINYECKOE, p-Aanyeckoe,
BOJIHOBOE;

OnHO M3  BaXXHEHIIHWX  CBOMCTB
BpeMeHu PT - aBjseTcsa TO, YTO OHO
CIIOCOOHO bGJAYKTYUPOBATh U

YCKOPATBCS: UBMEHSATb CBOU TEMII IIPHU
II0JIOKUTEJIbHOM UJIU OTPULATEJbHOM
YCKOPEHMUH.
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AHHUTHUJISLIMOHHOE B3aUMO/IeMCTBUE
[[lesb MexAy: IpocTpaHcTBaMu-BpeMeHaMu “ST u ST

* 3TO B3aWMOJEUCTBUE MEXAy YacTUllaMd MaTepud U YaCTULAMHU
AHTHMaTepPHUH NPOUCXOLUT UCKJIIOYUTENBHO B IPOCTPAaHCTBe-BpeMeHHu “ST.

['vnoTresa: t-COMMTOHbBI AHTUMATEPHUH, NMPHU OINpPEAEJSIEeHHbIX YCJAOBHUSAX U
00CTOATE/NIbCTBAX IPOHUKAKT HW3 HEOAHOPOAHOIO0O W AaHHU30TPOIIHOIO
npoctpaHcTBa-BpeMeHd PST B mpocTpaHcTBo-BpeMs ‘ST W NOJYMHAACH
JEeMCTBUI0 TpaBUTALMU - MPeoOpa30BbLIBAIOTCA M3 ¢ -COJMTOHOB B
aHTHUYaCTHUILLbI.

O6paTHBIN Hpolecc: NPOHUKHOBEHHUS 4acTHUL, MaTepUHU W3 NPOCTPAHCTBa-
BpeMeHU “ST B mnpocTpaHcTBo-BpeMs ST - HeBO3MOXeH, B CBS3H C

pPa3HUIEM B CBOMCTBAX YaCTUI, MAaTEPUHU B LST u t-conmuToHOB aHTUMaTepuu
D
B “ST.
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AHHUTHUJISLIMOHHOE B3aUMO/IeMCTBUE
[[lesb MexAy: IpocTpaHcTBaMu-BpeMeHaMu “ST u ST

 [I[py 3TOM, B COOTBETCTBUM C o0cobeHHOocTasMU CPT - TeopeMbl B
TSSCU noMuMo y:Ke mpollefllerd MNPOCTPaHCTBEHHOU HWHBepcun (P -
uHBepcun), Bpemsa PT unseptupyerca Ha BpeMms T (T - MHBEpCHs), U B
clydae ecJu t -COJIMTOH aHTUMaTepuu 00J1afjlaeT 3JIEMEHTAPHbBIM
pacnpejfieJleHHbIM  MarHUTHbBIM  3apsJoM, OH HWHBEPTHUPYETCA B
3JIEKTPUYECKUU 3apsjl, MPOTUBOIOJIOKHBIM 3JIEKTPUYECKOMY 3apsany
PyHAaMeHTalbHO-CLellJIeHHOM ¢ HUM yacTuusl B “ST (C - WHBEPCHUSA ).

TakuM 06pa3oM, t -COJMTOHbI aHTHMaTepuu TpacGOpPpMUPOBAHHbIE B
aHTHYaCTULbI, [0 BCTPEYU CO CBOMM (yHAAMEeHTaJIbHO-CLelJIeHHbIM
MapTHEPOM M HOC/JAeAyIoLlell aHHUTWIALMeH, MOJHOCTbI MHOLYUHSIOTCH
3aKOHaM, el cTByIoWUMHU B “ST.
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CpaBHUTEeJIbHbIE CBOUCTBA U XapaKTEPHUCTHUKH

npoctpadHcTB-BpeMeH “ST u PST.
O61asa Teopus oTHOCUTEIbHOCTH (OTO) B 'ST
M ee SKBUBaJIeHT B PST

[IpocTtpaHcTBO-BpeMAa “ST

__ 8mg
Gﬂv + Aguv Tt Tﬂv

* rnae, G, - TEH30p JUHIITENHA;

° Ag;w - KOCMOJIoOTHn4YeCKad IIOCTOAHHAadd;
g — IrpaBUTallMOHHAA IIOCTOAHHAA,

° € - CKOPOCTb CBETA B BAKyyMEe;

* T, - TEH30p 3HEPTrUU-UMIIy/IbCa MAaTEPUH Ly,
1

Guv = an — EguvR

* rae, R, - TeH30p Puyuu;

* R - ckandgpHad KpUBU3HA;

*  guv — METPHUKa;

[lpoctpancTBo-BpeMs P ST

TpebyeTcs HaWuTU CUCTEMY
ypaBHEHUH, 5KBHBaAJIEHTHBIX
ypaBHeHuaMm OTO B “ST.

B 3TOoM cucTteMe ypaBHEHUH
NOJ/DKHBI  OBITb ~ COOTHOILIEHUS
MeXJy aHThUMaTepuerd B GQopMe
TOIIOJIOTUYECKOTO COJIMTOHA
(pyHZAaMEeHTaJIbHO-CIEIJIEHHOU C
MaTepueil B “ST) W KpHUBU3HOU
POCTPAHCTBA-BpEMEHHU
OTpHLaTeIbHON KpUuBU3HbI PST.
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CpaBHUTEeJIbHbIE CBOUCTBA U XapaKTEPHUCTHUKH

npocTpaHcTB-BpeMeH “ST u PST.

O61asa Teopus oTHOCUTEIbHOCTH (OTO) B 'ST
M ee SKBUBaJIeHT B PST

[lpocTpaHcTBO-BpeMd LST [lpoctpancTBo-BpeMs P ST
JTra CUCTeMa YpaBHEHMH [JOJDKHaA * byaymasd cucreMa  ypaBHEHUM
ObITh CaMOCOIJIaCOBaHHOU C I0JI>KHAa ObITh CaMOCOTIJIaCOBaAaHHOM
OyayLIMMHU 3KBHWBaJIEHTHbIMU c ypaBHeHusmMu OTO B ST
ypaBHEHUSAMU B bsT U, COOTBETCTBEHHO, HAaKJIaJbIBaTh Ha
COOTBETCTBEHHO, HaKJIaJblBaTb Ha HHUX CYIleCTBEHHbIE OTPaHHUYEHUA.

HHUX CYIIECTBEHHbIE OI'PaHHNYE€HHA.

Bce nosiyuennblie kpaitnue pemenus OTO B npocTpaHCcTBe-BpeMeHH ST — ABJIAIOTCA
Hepeasu3yeMbIMHY, BBUAY OrpaHUYEHU HAKJIaAbIBAIOI[UXCS HA HUX, CAMO-
OIJIaCOBaHHBLIMH 3KBHUBAJIEHTHBIMH yPaBHEHUSAMH B IpocTpaHCcTBe-BpeMeHu PST.
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npocTpaHcTB-BpeMeH “ST u PST.

O61asa Teopus oTHOCUTEIbHOCTH (OTO) B 'ST
M ee SKBUBaJIeHT B VST

[IpocTtpaHcTBO-BpeMAa “ST

OTOBTSSCU.:

1. Ag;w:O

2. Tlpu orcyTcTBUM MaTepuu M
npocTpaHcTBo “ST - He gBJAdeTcA

MyCTBIM, a COCTOMT M3 TKaHel,
paclupsioleiica Bo BpeMenu “T,

R,w;tO , R+0, a CUCTEeMA
YypaBHEHUU HY>X/1aeTCs B
JIOTIOJIHEHUH, YYUTHIBAKOIIUM
$oHOBOEe M3MeHeHHWe KPUBU3HBI “®
5| pacluiupeHue TKaHeu
[IPOCTPAaHCTBA-BpeMEHH

[lpoctpancTBo-BpeMs P ST

CpaBHUTEeJIbHbIE CBOUCTBA U XapaKTEPHUCTHUKH
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CpaBHUTEJIbHbIE CBOUCTBA U XapaKTEPHUCTHUKHU

npoctpadHcTB-BpeMeH “ST u PST.
[MocrosiHHas Xa66:1a “Hy, B “ST u ero sxBuBasnent "Hy, B PST

[IpocTtpaHcTBO-BpeMAa “ST

«IMHAMHW4YECKOU IMOCTOSIHHOM»
Xa66sa “H, , xapakTepusymooliee
CKOPOCTb OJHOPOAHOTO
paciiupeHus Ha0JII0JaeMOT 0

poCTpaHCTBa-BpeMeHHU “ST:
lg, =73,04 + 1,04 (xm/c)/Mnc

Ha ocHOBe cOBpeMeHHBIX Hay4YHbIX
JAaHHbIX HAaM H3BECTHO 3HA4YeHHE

[lpoctpancTBo-BpeMs P ST

B mpocrpaHcTBe-BpeMeHu ST
NOJKHBI  CYIIeCTBOBaTb  CBOMY,
«IMHaAMHU4YecKre QJYKTyaldOHHbIe
mapaMeTpbI» Hy, . ,
XapaKTepU3yIOILHe CKOpPOCTH
HEOJHOPOJHOTO  aHU30TPOIHOTO
CkaTUSd 23TOro HeHabJ/10aaeMoro
HaMU DST , B coBokynHocTH
SKBUBaJeHTHBIEe “Hp:
DHb1_5 — (?)
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