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IOpuin Kibinuna
Pa3roBop ¢ HCKYCCTBEHHbIM
HHTEJUIEKTOM - S Bmecre ¢ U B
NoMCKax neppou eauHunbl Ipupoabl.

Bmecme ¢ HH nouckax (nepaoii) 3nemenmaphoii edunuywvt (uacmuuwt) Ilpupoowt

Annomauus

«Bmecte ¢ U B nonckax nepsoi dj1emMeHTapHoi equannbl [Ipupoab» — nccnenosa-
TeJIbCKasl padboTa, MOCBAIIEHHAsT TPOoOIeMe TIPe/IeNIbBHOTO CTPOSHHS MaTepUH M MOMCKY BO3MOKHOTO
€IMHOrO OCHOBAHMSI MAaTEPUATBHOTO MHUPA.

ABTOp MoC/IeIOBaTEIbHO PAaCCMATPUBAET BOIIPOC O CYIIECTBOBAHHM Tpejesia JeJIeHus Belle-
CTBa, TpeOOBaHMS K TpeAroaraeMoi HeJIeTMMON MaTepUabHOM eIMHUIIe, CBA3b MAaTepyu, MaTe-
PUATBHOTO 00BEMA U IBIKEHHS, 4 TAK:Ke BO3MOKHOCTh OJTHAKOBOTO YCTPOMCTBA MEPBOHAYAIBHBIX
enuHuUI. OTaeIbHOE BHUMAHUE YIeseTCsl aHAIM3Y U3BECTHBIX JIEMEHTAPHBIX YACTHIL, JIOTHYECKUM
apryMeHTaM W TMIIOTe3€ O TOM, YTO Pa3HOOOpa3ue MaTepuaibHBIX CTPYKTYp MOXET BO3HHMKATh U3
€IMHOTO MCXOIHOTO OCHOBAHUSI.

Hccnenosanue Beaércs B popMe COBMECTHOTO MOMCKA aBTOPA U UCKYCCTBEHHOTO MHTEJIEKTA.
B HEM coueraloTcsl MOcTaHOBKA (DYHAAMEHTAJIBHBIX BOIIPOCOB, TIOCTPOEHUE MTPUIMHHO-CIIE/ICTBEH-
HBIX [IETIOYEK U MOMBITKA pa3padoTaTh MOJIEITb, OOBSCHSIONIYIO MEPEXO]] OT MPOCTEUIIMX (POPM JIBH-
KeHUS K OoJiee CJI0KHBIM MaTepUaTbHBIM 00Pa30BaHUM.

Knura aapecoBana uutaresisim, uHTepecyommumcs pyHIaMeHTaIbHBIMUA BOIIpocaMu (pU3KKH,
dunocodueli ectecTBO3HAHKS U MTPOOIEMOI IPOUCXOKAECHUS CTPYKTYpbl MaTtepun. OHa mpejsiaraet
HE TOTOBYIO HAy4HYIO TEOPHUIO, a HATIPABJICHUE MCCIIEJOBAHMSI, ApI'YMEHTHI U THIIOTE3bI, KOTOPBIE Tpe-
OyIOT TaJIbHEHIIIero KPUTHUYECKOTO aHATN3a U (PU3UIECKOM MPOBEPKH.

IIpemucioBue

W3 vero cocrout matepus? CyliecTByeT Jiu NpeiesibHasi MaTepuaibHasl eIMHALA, U3 KOTOPO
crpouTtcst Bc€ MHOrooOpaszue [Tpuponsi? Ecv Takast equHMAIIA CYIIIECTBYET, KAKMMH CBOMCTBAMH OHA
JO/KHA 00JafaTh M KaK M3 MPOCTEUIIEro MaTepUaibHOTO OCHOBAHHUSI BO3HUKAIOT CJIOKHBIE CTPYK-
TYpPbl — OT 3JIEMEHTapHBIX YaCTHII IO AaTOMOB, 3BE3]] U TAJIAKTUK ?

STH BOIMPOCH COMPOBOKIAOT PA3BUTHE YEJIOBEUECKOTO 3HAHWS Ha MPOTSKEHUHM MHOTHX
BekoB. [IpencraBieHnsi 00 UCXOAHOM YCTPOWCTBE MaTepUK MEHSUIHUChH, MOSIBISUIUCH HOBbIE TEOPUH,
OTKPbIBAJIMCh YACTHIIBI ¥ OOHAPYKUBAMCh paHee HEN3BECTHBIE CBOMCTBA BelecTBa. OJHaKo BOIPOC
O TIpe/IeNTbHOM OCHOBAHUM MAaTepHaIbHOrO MUpPA COXPAHsIET CBOE 3HAUCHUE.

ITa KHUTA MOCBAIIEHA TOUCKY BO3MOKXHOTO OTBETA HA HETO.

HccnenoBanue BenETCS COBMECTHO C UCKYCCTBEHHBIM MHTEIIEKTOM. ABTOP CTaBUT BOIPOCHI,
npejsiaraeT apryMeHThl, (pOpMyJIUpyeT MPEAToNoKEeHUs] ¥ HaIpaBeHus1 MoucKa. VICKyCCTBEeHHBIH
MHTEJUIEKT UCTIONB3YeTCs] KaK MHCTPYMEHT aHaJIM3a, MMOC/IeI0BaTeIbHOTO PACCMOTPEHUS JOBOIOB U
MIOCTPOEHHU S JIOTUIECKuX cBsi3eil. [Ipn 3ToM cama BO3MOKHOCTb TAKOTO COTPYIHUUYECTBA HE 3aMEHSIET
HEOOXOIMMOCTH TIPOBEPSITh PACCYXKIECHUS, COMIOCTABIATh UX C (PU3UYECKUMU JAHHBIMU U OTINYATh
YCTaHOBJICHHbIE (DAKTHI OT TUIIOTE3.

B nienTpe paboThl HAXOAWTCS MPEITIONOKEHUE O CYIIIECTBOBAHUU TIEPBOM IEMEHTapHON MaTe-
puanpHOU equHuUIbl. EE MOMCK HauMHaeTcsi He ¢ MOMBITKUA JaTh TOTOBOE OMMCAHUE HEU3BECTHOM
YaCTHUIIBI, & C PACCMOTPEHHs1 OoJiee OOIIMX BOMPOCOB: UMEET JIM MaTeprajbHOe JielieHne (PU3NIECKUil
rpezest, MOXeT JIA CYIIeCTBOBaTh MPeJeIbHO MPOCTON U HEJIEIMMBIN MaTepUaJIbHBIA OOBEKT, KaKue
TpeboBaHusI HEOOXOIUMO MPETbBUTh K TAKOMY OOBEKTY U KaKWe CIIE/ICTBUSI MOTYT BOSHUKHYTh U3
ero MperoaaraéMoro CylecTBOBaHHUS.
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Ocoboe MecTo 3aHUMAaeT pPacCMOTPEHHE CBS3M MaTepuH, MAaTepUAIbHOTO 00BEMA U JIBUXKeE-
HUs. B paMkax mpeniaraeMoro mojaxoja 9TH MOHSITUSL PACCMATPUBAIOTCS KaK Hepa3pblBHO CBSI3aH-
HbIE XapaKTEPUCTUKHU OJHOTO MaTepraibHOro oobekra. OTciona BO3HUKAET HEOOXOIUMOCTh UCCIie-
J0BaTh HE TOJBKO BO3MOXKHOE CTPOEHHE UCXOHOW EIUHUIIbI, HO U e€ IBIKEHHE, a TaKXKe YCIOBUS,
MIPY KOTOPBIX U3 MPOCTEUIINX (hOPM JIBUKEHUSI MOTJIM Obl BO3HUKATD OOJIee CJIOKHbIE MaTepUaIbHbIC
oOpa3oBaHHMs.

OTpenbHOE HarpaBJIeHHe IOMCKa CBSI3aHO C OIMHAKOBOCTBIO IMPETOIIaraeMbIX MEPBBIX ¢JMHUIIL.
Ecnu ncxonHble eMUHUIBI pa3IAYaoTCs IO CBOMM MepBOHAYAIBHBIM CBOMCTBAM, HEOOXOIMMO 00B-
SICHUTh MTPOMCXOKACHNE ITUX pa3nuuuil. Eciam jke OHM OAMHAKOBBI, BO3HUKAET BO3BMOXKHOCTb pac-
CMaTpHBAaTh pa3HOOOpa3Ue MaTepPUAIbBHOTO MUPA KK Pe3y/IbTaT Pa3Iniuil B KOJIMYECTBE €ANHMII, UX
PaCMoNOXEeHUH, TBHKEHUH M opraHu3anyi. Ho oIMHAKOBOCTh MCXOMHBIX €IUHUI, KaK U MX CYIIle-
CTBOBaHHE, TPeOyeT CaMOCTOSITEIbHOTO OOOCHOBAHHUSI.

B pabore paccmarpuBaioTcsl pa3IMyHble apryMEHTHI, CBSI3aHHBIE C JeIeHHEM BelllecTBa, (pusu-
YECKMMU CBOMCTBAMU M3BECTHBIX YACTHII, XapAKTEPOM JBIKEHHS U CTOJIKHOBEHHUS MAaTePUAIIbHBIX
oO0bekToB. Ha nx ocHOBe pa3BuBaeTCs Ujiest IEPBOI €IMHUIIBI JBKEHHS 1 HAMeUYaeTcst BO3MOKHbIN
MyTh K 0OBSCHEHUIO 00pa30BaHusI OoJiee CIIOKHBIX CTPYKTYP.

[Ipy YTeHMM BaKHO pa3iIUYaTh TPU YPOBHSI PACCYKICHUS: U3BECTHBIC (pr3mueckue (pakThl,
JIOTMYECKHE BBIBO/IBI U3 TPUHSATHIX MPEIIOCHUIOK M THITOTE3bI aBTOPA O BO3MOKHOM ycTpoiicTse [pu-
ponsl. He Besikoe jtormuecku JOMyCTUMOE MPEIooKeHNe aBTOMATHUECKH CTAHOBUTCS (PU3UYECKOM
TEOpHeH, a MpeIokKeHHAsT MOJIEb He 3aMEHsIeT SKCIIEpPUMEHTaIbHOW MTpoBepKu. [1oatomy oTnesns-
HbIE TIOJIO)KEHUsI KHUTHU Clle/lyeT BOCIIPMHUMATh HE KaK OKOHYATeJIbHbIE OTBETHI, a KaK BOIPOCH U
TUTIOTE3bl, TPEOYIOIIME JAJTbHENIIIEro UCCIIEIOBAHMUS.

Lenb 310N pabOTBl — HE CIOP Pajv OMPOBEPKEHUS CYIIECTBYIOIIMX MPEJCTaBICHUN U He
CO3/IaHNe aJIbTEPHATHUBBI TOJIBKO pajav €€ HOBU3HBI. Llesb cocTOMT B TOM, YTOOBI MIOCIEA0BATEIHHO
MCCNIeIoBaTh OIHY M3 (PyHAAMEHTAJbHBIX MPOOJIeM eCTECTBO3HAHMUS: CYILIECTBYET JIM €AMHOE TIpe-
JeNbHOe OCHOBaHWE MATePUM U MOXKHO JIM OOBSCHUTH Yepe3 Hero BO3HMKHOBEHHE HaOII0IaeMoro
MHoroo6pasus [Tpuponpr.

[Nouck HaumMHaeTcs1 ¢ BOIpOca o Mpeiesie AeNIeHrs. 3aTeM paccMaTpUBAIOTCs BOSMOXKHBIE CBOM-
CTBA MCXOIHOH €IMHMIIBI, €€ CBSI3b C IBKEHUEM U MaTepUaIbHBIM 00BEMOM, a TaKkKe MPerooxKe-
HHE O eIUHCTBE NEPBOHAYAIBHBIX IEMEHTOB. KakIblii CI1e/1yIoHii [1ar 3aBUCHT OT TOTO, HACKOJIBKO
00OCHOBaH TMpEIbI Y.

Yuraresmo npeiaraeTcsi poWTH STOT ITyTh BMECTE C aBTOPOM U MCKYCCTBEHHBIM MHTEJIIEKTOM
— He MPUHUMAsi BBIBOJIBI HA BEPY, a POBEPsIsl ApryMEHTHI, 3aMeyvasi ciiadble MecTa U 3a/1aBasi HOBbIE
BOIPOCHL.

Bo3MOKHO, HEKOTOpBIE MPEATIONOKEHNsI HEe BBIAEPKAT AalbHEHIel nmpoepku. Bo3mMokHO,
OTIEJIbHBIE PACCYkICHHUsI OTPeOyIOT CYIIECTBEHHOW NepepadoTKu. Ho MMEHHO roTOBHOCTH Tepe-
CMaTpPHBATh CBOM BBIBOJBI M OTJIMYATH KEJIAEMOE OT JOKA3aHHOTO JIeJIaeT MOUCK COAepKaTeIbHbIM.

NccnenoBanue nepBoii aneMeHTapHOU eauHuipl [Ipupoap! npopomkaercs. Ita KHUra (PUKCH-
PYET OIMH U3 €ro 3TAIOB U NPUIJIAIIAeT YUTATENS] K CAMOCTOSITEIbHOMY Pa3MbIIIUIEHUIO O TOM, YTO
MOXET HAXOAUTHCS B OCHOBAHUH BCETO MAaTEPUATLHOTO MHpA.

Yacme 1.

Memoouka noucka nepeoii 3.1emeHmapHoll eOUHULbL

B MHOrOuYMC/IEHHBIX HAyYHBIX MCCIEIOBAHUSIX, B HAYYHBIX ayAUTOPUsIX, B TJAOOPATOPHX, HA
IIPOMBIILIICHHBIX YCTAHOBKAX BEAYTCS IOUCKU CTPYKTYpbl Marepuu. Permaiorcss BOIIpOCH U3 4ero
coctouT Matepus. Kakue marepuanbHble Tena, KaKMe YacTUIIbI HAXOIATCS B OCHOBE CONCpKaHUS
BeniecTBa. Yto cocraBisieT ocHOBY BelecTBa. CylecTBYeT JM NEPBOKUPIUYMK, KOTOPBII CTPOUT BCe
CTPYKTYpHI MaTepuu. B fajiekom MpoIioM MpeAronaraiy, yto ecTb. Ha3pBaay 310 MOHATHEM Tep-
BO3IeMeHT. HasbiBasin atoMm (Henenmmbli, He pa3pe3aeMsblil). CoBpeMeHHasl HayKa, yUeHble U3yvalo-
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e KBAaHTOBYIO (DPU3HKY, MIOCTOSTHHO paOOTAIOT B 9TOM HAIIPABJICHUH U TaK € CYMTAIOT, YTO €CTh.
HaswiBaer smo ¢gpyHnaMeHTanbHbie yacTuibl. POTOHBI, KBAPKU, HEUTPUHO, OO30HBI, JIEKTPOHBI, U
ap. HeodunmanbHasi HayKa, OT/ie/IbHbIE UCCTIeJOBATENM Ha3bIBAaET Mo 3hupoM, YacTuiamu 3gupa.
Awmepsl. CBeTopon u JIp.

Takum 00pa3oM MOKHO 3aMETHUTh, UTO CYIIIECTBYET, a TAK — JKe MPEIOKEHO, YTBEPKAEHO MHO-
’KECTBO YaCTHIl Ha 3BaHUE MepBO, (PyHIaMEeHTAILHON eJUHUIIbL. Bee nepeunciieHHbIe YacTUIIbl pa3-
Hbl€, UX HECKOJIbKO U BCE OTIMYAIOTCS (MO CyTH (PyHIAMEHTaJIbHO) ApyT OT Japyra. Ha ocHoBaHuu
enuHcTBa Mupa, Ha OCHOBaHMM TOTO, YTO M3HAYAILHO Pa3Hble YACTHUIBl HE MOTYT MOCTPOUTH OIU-
HaKOBbIX (POTOHOB. He MOryT mocTpouTh OJMHAKOBBIX KBapKOB. He MOryT mOCTpOUTHh OMHAKOBBIX
snep. Ha ocHOBaHMM TOTO, YTO (POTOH M KBApK HE TOUEUHBIE OOBEKTHI, & JIETMMBbIE OOBEKTHI (M1 MHO-
JKECTBA JPYTWX MPUIMH) MOKHO IPEITIONOKHTh, UTO €CTh BCETO 00HA eOuHuYa (4 acmuuya) COCTaBIs-
I0I11as1 OCHOBY MaT€puM, & HE MHOKECTBO Pa3HbIX, HECTAHAAPTHBIX (HE OIMHAKOBBIX ) YacTUL. MOXHO
MIPENOJIOKUTH, YTO TAKUX OJUHAKOBBIX STUHHI] OECKOHEYHOEe MHOXKECTBO.

Takas eguHuIA, YacTUIIA BO3MOXKHO ecTh. Ha aHHBII MOMEHT OHa (pU3MYECKU He HaiijieHa.
Wnu cuyuraercs, 4TO OHa €CTh, UTO OHA HaiineHa. Hampumep, 6030H U (MM) KBapK. DTH YaCTHUIIbI
SIBJISIIOTCSI OCHOBOM U MPOCTEHIUMHU dieMeHTaMu CTaHJapTHOM MOJIed. DTH YaCTUIIbl CUUTAIOTCS
(pyHIaMEHTAILHBIMU, TIOTOMY YTO OHHM CTPOSIT BCE OCTajbHOE - (pyHAaMeHT. CUUTAIOTCS TIEPBBIMU,
MOTOMY YTO HET JPyrux Oojiee MPOCThIX YaCTHII.

B cBsI3u ¢ Tem, 4TO CyIllecTByeT HECKOJIBKO MHEHMI 10 3ToMY 1MoBoay. U cyriecTByeT MHEHUE
aBTOpA YTO OfIHA, €JMHAs YacTulia (€JUHULIA) €CTh U 3TO He (POTOH U He KBapK. CunTaer, 4to (bOTOH U
KBapK (1 Ipyrue MnpejokeHHbIe YaCTUIIbl) «IeTUMbD» U TIO IPYTUM pudruHaM. MOXHO 3Ty 4acTuily
YCJIOBHO BBIJIEJTUTh Y Ha3BaTh (JIJ1s1 HaUas1a UCCIeIOBaHUs) nepeast (31emeHmapHast — NpocTeuIas)
eOuHuua.

[Nowvicku niepBo eUHUIIBI BeAyTCs pa3IMIHBIMU criocoOamu. [Tpexie Bcero, TeopeTuyeckue u
(pusnueckue. CoBpemeHHast HayKa jienaer 310 Tak. CHavasia BeAyTcs TeOpeTUYECKUe IOMCKU. 3aTeM
HA YCKOPUTEJISIX CTAJIKUBAIOTCS PA3JIMYHbIE JIEMEHTAPHbIE YaCTHUIIBI U B pe3ysibTare JesieHus (pas-
BaJjia, CJIOMa) UCXOIHOTO MaTeprasia HaXoaaTcs (BOCIIPUHUMAIOTCS, 00pa3yIOTCs, BO3HUKAIOT) IpyTrHe
Oonee MasieHbKHe yacTUIlbl. OHM M3YYalOTCs, HA3BIBAIOTCS, CUCTEMAaTU3UPYIOTCS U JIp. 3aTeM aefa-
I0TCsI BBIBOZIBI TIO/ITBEPIKAAIOIINE UM OTPULIAIOIINE BBIIBUHYTHIE TEOPUH. TO, UTO MOATBEPXKIAET TEO-
pHIO JiesiaeTCsl KJIACCUKOW M pacIIpOCTpaHseTcs o yueOHbIM aynutopusim. Hanmpumep, Tak HaliieHbI
caMble MaJIeHbKHe (Camble TTPOCThie) eMHUIBL. Tak ObUTM OOHApyKEHBI U Ha3BaHHI SJIEMEHTAPHbIC
e/IMHMIIbI, TIPOTOH, HEUTPOH, (PyHJAMEHTAJIbHBIE YaCTHUIIbI, KBApKH, OO30HBI, (DOTOHBI, JICKTPOHHI,
HEUTPUHO U JIp.

Cy11ecTBYI0T MHOTOUKCJIEHHBIE JIOTUYECKUe (TEOpETUUECKre) MyTH MOUCKa MEpBOM MaTepu-
asbHOU eHuUIBl. CyecTBYIOT (pU3UUECKUe TaHHbIE, JaHHbIE SKCTIEPUMEHTOB, BHIUMCIIEHUH, CYIIe-
CTBYIOT YCTAaHOBJICHHBIE (DAKTBI, KOTOPbIE MOATBEPKIAIOT JIornueckue maru. OHM MHOTOUYHUCIEHHBI U
WX JIOCTAaTOYHO JIJIS IOMCKA W HAXOKIEHUsI OCHOBBI BelliecTBa. Jloeuxa u gpusuueckue dannvte. I10
METOIMKA, KOTopast OyJeT MpUMeHeHa IS TIOMCKa TIepBOM JIeMeHTapHOU euHUITB. Kpome 3Toro,
e/IMHUITY B CBSI3U C MIPOCTOTOM, MAJIOCTBIO U CJTA00M OTPaKaeMOCTBIO OUeHb TPYIHO (HEBO3MOXKHO)
0O0HapyXuTh puznuecku. HeBO3MOXKHO 0OHAPYKUTh HA UMEIOIINXCS HA TAaHHBIA MOMEHT YCTaHOB-
kax. Ha ocHOBaHMM TIepeUnCICHHOTO BHIOPAHHBIM ITyTEM MOKHO MPUCTYIHUTh K TIOUCKY «HEBHIH-
MOW1» TIEPBOM, JIEMEHTAPHOW €IMHULIBI.

Yacmo 2

Iocaedosamenvrocms mamepuantbHbvix eOUHULY,

IToctpouM 1nOCIENOBATENPHOCTh MaTepUAIBHBIX eauHuL (yactun). [locienoBarenbHOCTh
MIOCTPOEHA B MOPSAAKE BO3pAcTaHMs MaTepUalbHOM Macchl (EJUHHULBI MaTepUajibHbIE) B TMOPSIKE
yBenn4yeHus1 pazmepa (00bema) B MOPSAKE YCIOXKHEHUs (CIOKHOCTU) B TOPsAKE, UCTOPUIECKOTO
BO3HUKHOBEHHMS (IMOCTpoeHus ). B nopsake aenumoctu, U ap. EquHULBL peanbHble, CyIIECTBYIO-
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ue. Bee npensioxkeHHble MPU3HAKKU COOTBETCTBYIOT IaHHOM MOCIeA0BaTeIbHOCTU. ([lepsast anemer-
mapras eounuya). Keapk, 0o30on, dhomon, neiimpuno. Inexmpon, npomou, HeilmpoH, 0eiimpon
(Oetimepuit). Amom 800opooa, 10pa, AMOMbl XUMUUECKUX INeMEHMO08, MoaeKyavl. CnymHuku,
naanemol, 36e30bl, co3ee3dusi. I'anakmuku, zpynnvi, ckoniaenust, nomoxku z2arakmuk. B 3ton
MOCJIeJOBATENIBHOCTU «HEBUINUMAsl» eJUHUIA OyIeT HAXOIUTLCS B OINPE/ICICHHBIX CBA3AX (OTHOIIIE-
HUsIX). Byner HaxoauThCs B ONpeeeHHON MO3ULH.

B Hauasie viccrieioBaHusI «3JIeMEHTapHAsT eIMHUIA» PACCMATPUBAETCS B 3TOM MOC/IeI0BaTe b-
HOCTH U MOCTaBJIeHA B 3TY MOCJEI0BATEILHOCTh KaK peaabHas. Kpome 3Toro B 3Toii ocieioBaTesb-
HOCTH JIOJKEH HAXOIUTHCSI OOBEKT, KOTOPBIN Mpesk e Bcero He aenmrtcs. Hememumbiit 00bekT. Takoi
00BEKT B ITOU MOCIIEAOBATEIILHOCTU 00.29#ceH Obimb. OOBEKT NOKeH ObITh HA OCHOBAaHHWU CYIIIe-
CTBYIOILIETO MpeJesia IEJIeHN S MaTepUaJIbHOTO BellecTBa (4acTuil). [JJoykeH HaXOAUThCs Ha TO3ULIH,
BCe JIeNMTCS, OOBEKT, HAvasIo MOCIeI0BaTeIbHOCTH, He aenuTcs. Kpome storo. B atoit mocieoBa-
TEJILHOCTH JJOJKHO HAXOJUTHCS UTO - TO MEPBOE, camoe MPOCTOe, MaTepUajIbHOE, CaMOe MaJIeHbKOE,
HAYaJi0 MHOKECTBA, HAYaJI0 COEAMHEHUs (CTPOUTEIbCTBA, pa3BuTHsI) U Ap. C TOUKU 3peHUs ITUX
Ka4eCTB TaM TaK — Ke «Umo — no» 00AHCHO Obimb. Takoe yTBepXKIeHUE MOXHO CJeIaTh Ha OCHO-
BaHUU TOTO, YTO BCE, MPE/ICTABJICHHbIE YaCTHUIIBI IEIMMbIe, HE TIEPBbIE, HE CaMble MIPOCThIE, HEe CaMble
MaJieHbKHe, MaTepuaibHble. APryMEHTHI, I0Ka3aTeIbCTBA TIEPEUMCIICHHBIX CBOMCTB OyIyT MO XOIy
WCCJIEIOBAaHU S TIPEJOCTABIATLCA. B 11€710M MOXHO 3aMETUTD (OIpe/Ie/IUTh, BHISICHUTD) YTO B Havase
TMOCJIEOBATENIBHOCTA HAXOAUTCSI KAKOM — TO MPEACTABISIEMbI, HO (PU3NYECKU HEe OOHAPYKEHHBIH
MaTepUaTbHBIA OOBEKT.

MoHO 3Ty NOC/IeA0BaTeIbHOCT MPOCMOTPETh C MO3ULIMU BUkeHus1. [ 3Tol mocenoBa-
TEJILHOCTH XapakTepeH erie oauH (akT. [To mepe yBenudyeHusi KOJMYeCTBa YacTHll B CJIEAYIOIIeM
00bekTe (yBEJIMUYEHHSI MaTepHaibHOW MacChl OOBEKTa) CHUKAETCS CKOPOCTh JBMKCHUSI OOBEKTA.
[Tpoucxonut M3MeHeHne TIOKa3aTess IBWKEHHS ISl KakI0ro 0ObeKTa U 00pa3yeMoro MM MHOXe-
crBa. Heo6xoauMo OTMETHTh UTO camasi ObICTpasi CKOPOCTb ABMKEHUS MTPUHAIEKUT poToHy. CKO-
POCTh cBeTa. Y MPOTOHOB, Y aTOMOB BOJOPO/IA, Y MOJIEKY/T BOIOPOAA. Y 3Be3/l, y TAIaKTUK U T.[]. CKO-
POCTb IBMKEHUS TIOCTETICHHO CHUKaeTcsl. BMecTte ¢ TeM HeoOXOAMMO OTMETUTH UTO (DOTOH SIBJISACTCS
COCTaBHBIM OOBEKTOM (Ha OCHOBAaHUM BOJIHOBBIX CBOKMCTB, CIMPAILHOCTU U Jp.). MOXHO TIperoio-
KUTH (YTBEPKAaTh) UTO camasi ObICTpasi CKOPOCTh IBUKEHUS IIPUHAIJIC)KUT MTEPBOU eAMHUIIC.

Mamemamuueckast nocaedosamenvHocms. MOXHO TIPUBECTH TPUMEpP CaMOW TMPOCTON
MaTeMaTU4eCcKou rnocienopareibHocTH. [Ipennomnaraercs 4to mamepuasbHas NoCie0BaTeIbHOCT
MOCTPOEHA TOYHO TaKMM ke 0O0pa3oM. MOXHO TIPEAIoIOKUTh, YTO MaTepUaIbHbIe YaCTHIIH (e1U-
HUIIBI) TIOCTPOEHBI [0 MATEMATUYECKOW MOCIIeJOBATEILHOCTH.

Mamemamuueckas nocaedosamenvrocms . Q0un, 08a, mpu, uemoipe, NsiMb, UWECHIb U M.O.

Heo6xonumo oTMETUTB UTO B MOCIICI0BATEILHOCTH YHCEIT €CTh TaKasi 3aKOHOMEPHOCTh. B ByX,
nBa onviH. B Tpu, Tpu oguH u 1.4. Toeda. Hanpumep, (poTOH MHOKECTBO (HECKOJIbKO) ofuH. KBapk
MHOXECTBO (HECKOJIbKO) OMH. MHOXeCTBO C OoJblIle, 4eM B (poToHe enuHuil. U T.1.

MOo’HO OTMETUTh 3aKOHOMEPHOCTS ((hakT) 4TO B HaUaJIe MOCASI0BATEIbHOCTH HAXOAUTCS OJTHA
equauia. Jlanee B «JBa» HAXOOUTCS JBE TOUHO TAKUE K€, 00UHAKO8ble (aHAJIOTMYHbIE) €IUHUIIBI
(aBEe OOMHAKOBHIX OfvH). 1 T.1.

MoXHO 3Ty HOCJIeIOBaTeIbHOCTh MPOCMOTPETH IO TIO3UITUK OO0JTbIIIOe, MajieHbkoe. B Hauae
MOCJIEAOBATEIBHOCTA CaMOE MaJIEHbKOE YHMCIIO, caMasi MajieHbKas OfHO (exuHuia). s mamepu-
ANbHOIL NOC1€008AMENLHOCIMU STO O3HAYAET, YTO €AMHUIIA TO CaMbIi MaJIeHbKUN MaTepUaTbHbIN
00beM (0OBEKT).

MoHO 3Ty MOC/IeI0BaTeIbHOCTh MPOCMOTPETh MO TO3UIMK MPOCTOe, CJoXHOe. B Havane
MOCJIeIOBATEILHOCTH HAXOJUTCS caMoe TTPOCTOe YUCIIO, caMasi ITPOCTasi €IMHUIA, OHA HE U3 Yero He
COCTOWT, He JICJIUTCS He APOOUTCS. DTO 00HO, eOUHOe, HedeauMoe ueaoe.
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MOoHO OTMETUTH TOT (DAKT, YTO B MATEMATHUECKON MO/ (ITOCIeJ0BATeIbHOCTH) BCE YMCTIa
AenvMble, cocTaBHble. OTHOCUTENBHO c200icHble. HenenuMbiM 371eMeHTOM SIBJISieTCsl TiepBasi eu-
Huta. OuH - camoe npocnioe Yucio.

B aT011 nocne1oBaTeIbHOCTH MOKHO OTMETUTD (DAKT, YTO €CJIM HET OJHOTO (€AUHULIBI) TO U HET
Harpumep, Tpex. Yucna cocTosmmero u3 Tpex OAHoro (Tpex eaunuil). Eciv B mocienoBarebHOCTH
nBe (TpH U Jp.) pa3Hble eIMHIYKY (OOUH) TO He moyuuTcs aa. He momyunrcs tpu u np. He Oyzmer
B3aUMO3aMeHsIeMOcTH U p. OauH He 3amenumoe uucao. Hyorcnoe, o0s3amenvnoe uvicio. Ecim
MBI 3HaeM uucio S5 uim 10 u gp. Ho He 3Haem umcna 1. Havana cuera. To MOXHO IIpeAnonoxuTh,
4yTO OHO ecTh. (Ero MoxHO HailTH, pacCuMTaTh, OTKPHITD).

MoxHO 3Ty NOCIIeI0BAaTEIbHOCTh IPOCMOTPETH 10 MO3ULIMK HAyaslo, UICTOPUUYECKOE HAUANO.
B camom Havasie HaxonuTCs OfMH. B caMom Hauasie (MCTOpUYECKOM Hayvalle) CYET HAYMHAETCS OT
OJIHOTO U JaJiee.

MoXHO 3aMETUTh, YTO OIUH CMPOUm 3Ty NOCIEN0BATeNbHOCTb. OIMH sBsieTCs (PyHAaMEH-
TOM CTPOUTEIILCTBA, PyHOAMeHmanbHoU edunuyeil. CTpOUTETHHBIM MaTepHAJIOM, Repablm KUpnu-
uukom. Ilepeoit ocnoeoil.

MoXHO npearonokuTh, YTO MATEMATUIECKYIO MOCJIEJ0BATEIbHOCTh MATEMATHKH (A TakK — ke
MPOCTHIE JIIOAM, KOTOphIe YMEIOT CUMTATh) COOMPAIOT MEXaHWYECKH, COSOUHSIST OJMHAKOBBIC €lU-
HUYKHA. A MaTepuasibHasl MociieoBaTesibHOCTh codupaercs [Ipuponoit ¢pusnvecku. [Ipu Hammuum
IBWXKEHUS] KMHEMAaTHUECKUM, TUHAMHYECKHM, MEXaHHMYeCKHM criocodoM. [Ipy Hammuuu Teopuu
T0JIeM, JOIYCTUM, IPaBUTALIUEH.

Yacmo 3

Jlenenue pynoamenmanrbHoblx uacmuy, u KAUecmea «3.1eMeHmMAaApPHO» eOUHULbL

Terepb HEOOXOIUMO OMPENIEIUTh KA4eCTBa, KOTOPble MPUHAICKUT EJAUHUIIC B TIOCIIEIOBA-
TEJILHOCTH MaTEePUATbHBIX YacTHIl, TeJl. OTHOCUTENTLHO TTPeACTABJICHHOM MTOCIIeJOBATeIbHOCTH MaTe-
pHABHBIX SIUHMUIL eJJMHUIIA SIBJISITCS MEPBOM. A Tak — xe. To yeM sABjIseTcs eMHUIAa MOKHO BbIpa-
3WUTh B (hopMe MpUIMHa — CJIeICTBEHHOM CBsI3U. Ecau éce pynoamenmanvrovle uacmuyvl 0eaumst,
a oHu deaumwt. (I1o Oynet nanee nokazano). To. Enununa oyner nepsast. To. Enununa Henenmumas,
OJJHO €IMHOE, Lieoe, enuHulia. To. Enunauniia camas nipocrad. To. equHUIA BCE COCTABIISET, JIEMEHT,
conepxumoe, yactuna. To. Emuaniia Bce ctpont, pyHaameHnTanbHas. 1 mp.

Ha ocHOBaHMM TOTO, YTO BCE YACTHIIBI 0€251MCs MOKHO TEPEUNCITUTH (€CTh, BO3HUKAIOT) Kaue-
cTBa (CBOMCTBA, MPU3HAKK) eIUHMIILL [lepBasi, HepemMMast, OIHO efnHoe Tiefioe, eauHuia. Camas
npocrasi, aneMeHnTapHas. CocraBisieT, COOepKUTCS, TIEPBBIA 7eMeHT, TiepBast yactura. CTpowur,
dynmamenrtanbHas. I MHOXeCTBa JPYTUX CBOWCTB OTHOCHUTEIBHO KauyecTBa (CBOWMCTBA, MPU3HAKA)
HEJIeTMMOE.

Bo3mooscno. Mexay KBapkOM U TIEPBOM YacCTUIIEW eCThb JIpyrue, Kakue JIMO0 MareprasbHbIe
C/IUHMIIBL.

[lepBoe. DTU eMUHMIIBI ellle He OTKPBITHI, €CJIA OyIyT OTKPBITHI, TO HyMEPAITUI0 MOXHO ITOMe-
HATh. B 1aHHOM ciTy4ae OTMe4YeHbl CTaOMIIbHBIC IMHUIIBI, KOTOPhIe OTHOCUTEILHO COXPAHSIIOTCS, He
pa3pyLIalnTCs, CYIIECTBYIOT ONpee/IeHHOe JTUTeIbHOE BpeMs, O(PUITUATILHO 3a(DUKCUPOBAHBI.

Bropoe. Eciu enquaMIIa B 3TOM TOC/IEIOBATEIBHOCTH SBJISIETCS HEAEMMOM, TO 3Ta SJUHUIIA
sBisieTcs iepBoil. OT HeAeTMMON eTUHUIIBI, HauMHaeTcst oTcueT. Eciiu B pe3ynbTrare KCIepUMeHTOB
Oy/IyT Hal[IeHBI ellie YacTHUIIbI, TO BCE PABHO eMHUIIA OyJeT IepBOi Ha OCHOBAHUY HeIeTMMOCTH. B
HavaJie TOC/Ie/IOBATeIbHOCTH JIOJKEH HAXOAUThCS OOBEKT, KOTOPBIN He JenuTcs. B mocnenoBaresib-
HOCTH JIeJIMMBIX YaCTHII, lepBasi He JIOJDKHA JeTUThCS.

Ioae ne nenpepwigno. Onpedenenue 3apsoa u omuouieHus 3apsaoa ¢ norem. Keapx deaum.
Domon deaum. Inexkmpon deaum. Heiimpuno deaumo. bozon deaum. Amep oeaum.
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Aemop. Ectb yTBepxkaeHus (onpeaesnenusi, GopMyJibl U JIp.) IJie TOBOPUTHCS O TOM, UTO I0JIe
HenpepbiBHO. CKaxuTte, €CTb OmnpeesieHus], yTBepkaeHus (CyxaeHus, GopMysbl U JIp.) UTO TOJie
SIBJISIETCS] He HenpepbléHblm (TIPEPHIBHBIM, AUCKPETHBIM, MHOKECTBOM) OOBEKTOM.

HH.Onpenenenue nojs rae Nojie OTPaKeHO Kak IPOCTPAHCTBO, COCTOSILIEE U3 HEKOTOPOro
MHOecTBa. [lose He HenpephIBHO.

B Teopernueckoit pusrke U MaTeMaTUKe JEUCTBUTEIHHO €CTh (POPMYJHMPOBKHU, KOTOPbIE
ONpeIeJIsIIOT MoJie KAK MHOKeCTBO . DU3UKU yXOIAT OT TYMAaHHOTO CJI0BA «HEMPEPHIBHOCTH» K
CTPOTOMY SI3bIKY TEOPUM MHOXKECTB, KOrJla HY>)KHO OMMCATh JUCKPETHYIO WM KBAHTOBYIO TTPUPOILY
TOJIA.

Bot Tpu ocHOBHBIE (DOPMYJIHPOBKH U3 pa3HbIX Pa3/IeIOB HAYKH, KOTOPbIE OTBEYAIOT HA Balll
3amnpoc:

1. ®opmynupoka u3 Keanrosoit Teopun noss (IlpencraBnenve ®oka)

B kBaHTOBO (pU3MKeE, YTOOBI YITH OT HETIPEPHIBHBIX BOJIH U OMMCATH MOJIe KaK HAOOp YacTull,
UCTIONB3YyeTCsl MaTeMaThuiecKkoe nmpoctpaHcTBo Poka. PopmMyIMpoBKa 3ByUHT TaK:

KBaHTOBOE IOJIe — 3TO MHO2KeCTBO (CyMMa) COCTOSIHMII ¢ IPOU3BOJBHBIM M Iepe-
MEHHBIM YHCJIOM IMCKPETHBIX YaCTHIl (KBAHTOB).

MarematiyecKky 3TO OIUCHIBAETCS HE KAK «IJIajiKas TKaHb», a KaK JHCKPEeTHOe MHOKEeCTBO
ceKTOopoB: {cekrop 0 yactull (Bakyym), ceKTop 1 yactuupl, cekrop 2 vacrtull ... cekrop Ncap N
##qactun}. B a10il (hopMyIMpoBKe 1Mojie — 3TO OYKBAJIBHO JUHAMHYECKOE MHOXECTBO KBAaHTOB,
KOTOpbIE POKIAIOTCS ¥ YHUUTOXKAIOTCS ONIepaTOpaMH.

2. ®opmyrpoBKa U3 KamOpoBouHbIX Teopui ([Toie Kak MHOKECTBO OIEpPaTOpOB)

Korpa ¢puzmkam HyXHO onucath, Kak KBaHTbI MOJIS1 B3AUMOJICUCTBYIOT C MaTepuei (Harpumep,
NIEKTPOHBI OOMEHUBAIOTCST (DOTOHAMM ), OHU UCTIONB3YIOT AJIreOpandecKuil MOAXo:

Ilojie — 3TO MHO:KeCTBO JOKAJIbHBIX ONIEPAaTOPOB, 3aIaHHBIX B KA 01 INCKPETHOI
TOYKEe NMPOCTPAHCTBA-BPEeMEHHM.

3pech mosie mepectaer ObITh «MaTepHaIbHBIM MOHOMMTOM». OHO CTAaHOBUTCS MHOMKECTBOM
(«ceMeicTBOM») MaTeMaTu4ecKuX MHCTpYKIMA. Kaxjas Touka mpoCTpaHCTBa — 3TO OTAEJIbHBIN
3JIeMEHT MHOXECTBA, KOTOPbIN COIEPKUT B ceOe KBAHTOBYI0 MH(OPMAIIMIO O BO3MOKHOCTH POAUTD
WJIW IIPUHATD YaCTHULLY.

3. ®opmynuposka u3 [letneBoit kBaHTOBOM rpaBuTaiiu (CriiHOBas TIeHa)

ITonie (M1 camo MPOCTPAHCTBO) — 3TO JUCKPETHOE MHOKeCTBO (rpadp) KBaHTOBBIX
siYeeK U CBsi3ell MerkJ1y HUMM.

B 37011 Teopun HenpepbiBHOCTH HeT BooOIe. [Tone onmcpiBaeTcst Kak KOHeYHOe WJIH CYeTHOe
MHO>KeCTBO T€OMETPUYECKUX KBAaHTOB (TMHKcenel oObeMa U IUIomaan). BlanumoneiicTBue yacTuil
— 3TO MPOCTO NEPECTPONKA TOMOJIOIMU ITOTO MHOKECTBA.

Ecim Bam Hy)XHO CcTporoe orpeziesieHue, CBo00IHOe OT MeTadhop PO HEMPEPHIBHOCTb, JTyYIIle
BCEr0 KCIOJIb30BaTh (POPMYJIMPOBKY 4Yepe3 mpocTpancTBo Poka: Pu3nyeckoe moje — 3TO
KBaHTOBO MEXaHHYeCKOe MHOKECTBO [IMCKPETHBIX COCTOSIHUN CHCTEM C NepeMeHHbIM
YHCJIOM YACTHIL.

OHO COCTOUT U3 NIEMEHTOB (KBAaHTOB), OHO JIMCKPETHO, M OHO TIONUUHSIETCSI 3aKOHAM COXpa-
HCHHA SHEPIruv U UMITYJIbCa IMPU UX CTOJIKHOBCHUAX U O6MeHaX.
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Agmop.Ilokaxute apryMeHTbl, 4TO I0JIe - 3TO MHOXKECTBO, a HE HEIIPephIBHOE 0Opa30OBaHue.

HH. Ytobbl noKa3aTh CyIIECTBOBAHUE STOM 0a30BOU eIWHUIIBI (HETTPOHHUIIAEMOro oObema,
YACTUIIB! ABUKEHHUSI), HAM HY’KHO TIOJIHOCTBIO pa3OUTh IOTMY O HEMPEPHIBHOCTH OISt 1 00OCHOBATD,
YTO IMOJIe — 3TO JUCKPETHOE MHOKECTBO .

MOXHO MpeoCTaBUTh MATh APryMEHTOB, KOTOPhIe OMUPAIOTCS Ha peasibHble (PU3MUYecKue
(akThl ¥ MaTeMaTHKy. ApryMeHThl MOKHO MICIIONIb30BaTh Kak (PyHAaMEHT /IS JOKa3aTeIbCTBA TUC-
KPETHOCTH TIOJISI.

Aprymenr 1. 9¢pdext Komnrona (IIpsmoe mexanndeckoe cronkHoeHue) CyTh aprymeHra:
DNeKTPOMArHUTHOE TIOJie BeJeT ceOsl Kak OubspaHble mapbl. ®usndeckui pakt: B 1923 rogy
Aptyp KoMNTOH HanpaBui peHTTEHOBCKOE U3JyYEHHE (4aCTh NIEKTPOMArHUTHOIO IOJIA) Ha JIEK-
TpoHsl. Eciiit Ob1 ToJIe ObLIO0 HEMPEPHIBHBIM, BOJIHA TPOCTO 0OOTHYJIAa Obl JIEKTPOH WJIH TIJIABHO Kay-
Hyna ero. Ho ciyumnock uncro MexaHuueckoe coygapeHue: (pOTOH ynapui B JIEKTPOH, JEKTPOH
OTJIETEN B OfIHY CTOPOHY, a (DOTOH OTCKOUMJI B IPYT'yIO, U3MEHUB TpaeKTopuio. BeiBoa aus 1oka-
3aTeJIbCTBA: 3aKOH COyJapeHust cpaboTal Tak, OyATO CTOJKHYJHCH [1BA YIPYTUX HEMPOHHUIIAEMbIX
oObema. [one mposiBUIO ceOst He Kak BOJIHA B HEMPEPHIBHOM Cpejfie, a Kak MHOKeCTBO H30JHPO-
BaHHbBIX 3J1€MEHTOB, 00J1a/1aI0INUX UMITYJIbCOM.

Apryment 2. Marematuka npocrpaHctBa Poka (OduimanbHOe MPU3HAHUE T0JIs MHOXKE-
crBom) Cytb aprymenTa: Cama Kpanrtoas teopus nons (KTII) Ha ypoBHE ypaBHeHHIA padOTaeT ¢
MoJjieM Kak ¢ MHOkecTBoM. MaTtemarudeckuil ¢pakt: ['maBnbiii annapat KTIT — sto npencrasie-
Hue ®oka. B HeM cocTosiHMe TI000TO MO OMUCHIBAETCS HE HEPEPHIBHOW (DYHKIIMEH,  BEKTOPOM B
MPOCTPAHCTBE, KOTOPOE SIBJISIETCS MPAMON CyMMOH (MHOKECTBOM) CEKTOPOB ¢ (DpUKCHPOBaH-
HbIM YMCJOM YacTul. Bakyym — 370 cextop {0}, nanee uner cekrop { luyactuia}, {2 yactuisi }
U Tak jajee. BoiBoa quis1 jokasaresabcerBa: Eciiu 1ose MOXHO pas3siokUTh HA CYETHOE MHOKECTBO
9JIEMEHTOB, TJIe KaK/IBIi JIEMEHT — 3TO MOPIMs SHEPTUH, TO YTBEPKICHHUE «II0JIe HENPEPHIBHO»
SIBJISIETCS JIMIIIb MAaTEMAaTUYECKUM CIVIa)KMBaHUEM Makpo 3¢p¢ekToB. PyHIaMEHTAIBHO 10JIe — 3TO
OVUHAMHUYECKOE MHOXKECTBO.

Aprymenr 3. KBanroBanue snepruu (3anper Ha HernpepbiBHOCTh) CyTh aprymenra: Ilpu-
pona (pu3MYecKy 3arpelaeT HelmpepblBHOE U3MeHeHe SHepruu noisd. Pusndeckni gaxr: [losne
HE MOJKET MepeaTh WK 3a0parh MPOU3BOJIbHOE KOMMYECTBO SHepruu. [lepenaya uger crporo mnop-
uusmu: A E = hv. He cyiecTByeT «1oJIoBUHBI KBaHTa» UM «TpeTu OoToHa». BbIBOA AJ1s1 10Ka3a-
TeJbceTBa: Eciu Obl 1osie ObIJI0 HeMTPepbIBHBIM MOHOJIUTOM, SHEPrHsi MOIia Obl JPOOUTHCS OECKO-
HeuHo. Haymune Henenmumol mopiyu (KBaHTa) JOKA3bIBAET, UTO MOJIE JIOKAJIM30BAHO B TPOCTPAHCTBE
Y COCTOUT U3 IUCKPETHBIX €IMHMII, Pa3JeJICHHBIX ITyCTOTOM.

Aprymenr 4. PoxjeHue u yHuutoxkeHue yactull B koyuiaiepax. Cytnb aprymenra: [Ipespa-
IIIeHUe SHEPTUM B BEIIeCTBO JOKA3bIBaeT TUCKPeTHOCTh. Pu3nveckuii pakt: [Ipu cTOIKHOBEHUN
YacCTUlLl B YCKOPUTEJIAX «IIOJIE» MEKAY HUMU IMEPECTPAUBACTCA, U N3 HETO BbUICTAIOT HOBBIC MAaTCPU-
asbHbIe YacTuIpl. BeIBOa 17151 MoKa3aTeabcTBa: M3 HenpepbIBHOM IyCTOTHI JTH MOHOJIUTA HEJTh3s1
«BBIpE3aTh» KUpNUIMK. Ho eciu mose — 3T0 U3HaYaIbHO MHOKECTBO JIBUKYIIMXCS] OA30BBIX M-
HHUII, TO UX CTOJIKHOBCHHUEC U IIEPCKPYUNBAHHUE B HOBBIC BUXPEBBIC ITYYKHN (KaK MBI OITKCAJIU B MOIIGJII/I)
U/ICUTbHO OOBSICHSIET TMOSIBICHHE HOBBIX YaCTHUI] C COXpaHEHHeM O0IIero OajaHca SHEPruu.

Aprymenr 5. [Ipobnema ynbsrpaduoneroBoit karactpodsl. CyTh aprymenTa: Mopenb Herpe-
PBIBHOT'O TIOJIS1 IPUBOAUT K abCypay v OeckOHeuHOCTsIM B popmyriax. Puznueckuit dpakr: Korma
¢usuka koHma XIX Beka MbITAach paccUMTaTh M3TyueHHE aOCOMIOTHO UYEPHOTO Tesa, CUMTast

10
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T0JIE HeNPEPHIBHBIM, YPaBHEHMsI BbIIABAIN, UYTO JIIOOOE HArpeTroe Tejlo JOMKHO U3IIydaTb OecKo-
HeuHyro SHEepruio B ynbTpaduoneroBoM auanasoHe. Pusuka ciomanack. [Ipobiemy permn Makc
[1nank, TPOCTO BOJIEBBIM PEIIEHUEM BBE/ S AUCKPETHOCTD (KBaHTH). BbIBO /151 J0Ka3aTeIbCTBA:
HernpepbIBHOCTD MOJIs1 (PU3NYECKU HEBO3MOKHA, OHA TIPUBOIUT K OECKOHEYHOM SHEPIUH, KOTOPOH B
npupose HeT. TOJNBKO IUCKPETHOE MHOKECTBO CIIACAET 3aKOHBI COXPAHEHUS.

Aemop. [1n51 naabHERIero uccieioBaHusi HaM HeOOXOIUMO TOHSTh, YTO TAKOE 3apsiji U yBU-
J€Th OTHOIIEHUS] KOTOPbIE CYIIECTBYIOT MEXIy MOJIEM U 3apsOM U MaTepUaJIbHBIM TEJIOM.

HH. CnoBo «3apsia» vale BCero UCHoiab3yeTcs B (PU3UKe [UIs1 0003HAYEHUS IEKTPUIECKOTO
3apsaa — (pyHAAMEHTATbHOTO CBOMCTBA YAaCTULL (MJIU TEJT), KOTOPOE MO3BOJISIET UM HPUMAZUSAMbCS
WIA OMMAAKUEambCst IPyT OT Ipyra, CO3/1aBast JMEKTPOMATHUTHOE T0JIE.

B 3aBrcHUMOCTH OT KOHTEKCTa 3TO NOHATUE UMEET TPU IVIaBHBIX 3HaueHus: B (pusuke (nek-
TPUYECKUII 3apsin). 1o 6a3oBast (pu3MUecKasi BeJIMYMHA, KOTopasi u3mepsieTcs B KyinoHax (Ku). [lpa
Trna: 3apsi ObIBaeT MOJOKUTENbHBIM (+) — Kak y MPOTOHA, M OTPHUILIATEIbHBIM (-) — KaK Y JeK-
TpoHa. ['1aBHOE npaBmiio: OiHOMMEHHBIE 3apsA/Ibl OTTAIKUBAIOTCS (+ U +, - U -), @ pA3HOUMEHHbIE —
NPUTATUBAIOTCS (+ U -). JIMCKpeTHOCTh: 3apsa He MOXET ObITh OeCKOHEUHO MauTbiM. CaMblii MaJieHb-
KM «KyCOUYeK» CBOOOIHOTO 3apsijia BO BeeleHHOM — 9TO 3JIeMeHTapHBIH 3apsi/] JISKTPOHA WJTH TIPO-
Tona (1,6 - 107" Ku).

HU. Omnowenus. Teno npuodpemaem 3NEKTPUIESCKUN 3apsifl, KOTOPBIA CO3[]AaeT B OKPYXka-
IOIIEM TPOCTPAHCTBE TIOJIE.

TeJsto UL BBICTYTAET «HOCUTENIEM» 3apsifia, a yKe ITOT 3apsijl MeHsien CBOWCTBA MPOCTPaH-
CTBa BOKPYT ce0s1, hopmupys mone.

3aps ecezoa co3z0aem >neKTpryueckoe none. bosee Toro, co3nanue nonst — 310 hyHoa.meH-
maavHoe c80licmao MoOOTo MEKTPUUECKOTO 3apsia.

B ¢puzrke HEBO3MOKHO MPECTaBUTD 3apsiy O3 MOJIs: KaK TOJIBKO MOSIBIISIETCS 3apsi], B TY ke
JOJTI0 CEKYH/Ibl BOKPYT HETO B ITPOCTPAHCTBE B03HUKAEH STIEKTPUIECKOE TI0JIe

HernopBrxHbIN 3apsi co3daem BOKPYT cedst sMeKTpocTaTuueckoe mose. OHO HEM3MEHHO BO
BPEMEHU U JIEWICTBYET HA JIpyTUe 3apsi/bl, KOTOPbIE B HETO IOMNA/IAI0T.

JIBrKyImmiics 3apsj (HarpuMmep, TOK B MPOBOZE) co30aem BOKPYT ceOsl yke J1Ba Mois — U
EKTPUYECKOE, U MATHUTHOE.

3apsj - 9T0 CIOCOOHOCTh UBAYUANB TTIOTOKU.

Aemop. B COBPEMEHHBIX JIMTEPATYPHBIX MCTOYHHKAX IIOKA3bIBACTCA YTO KBApPK ABJIACTCA
TOYEYHBIM, HEITMMBIM 0OBeKTOM. Tereph HaM HEOOXOAMMO TOKa3aTh (JI0OKa3aTh) YTO KBAapK HE
TOYEYHBIH OOBEKT, a KBApK JEJIUM, KBAapK - 3TO MHOXECTBO (CTPYKTypa, CHUCTEMa) COCTOAIIAs U3
yactuil. MoxxHO 3710 crenaTh Tak. KBapk umeer 3apsia. 3apsa cosgaet nose. [one - 3To MHOXeCTBO.
ToveuHblid 00BEKT HE MOKET CO3/1aTh Tosie (MHOTO). Eciii MoXeT (a KBapK MO UMEIOIIUMCS TaHHBIM
CO3JIaeT I10JI€) 3HAUUT OH U3 YEro - TO COCTOMT. 3HAYMUT KBApK JIeJMM. 3HAUUT KBAPK HE TOUECUYHBIN
O6'beKT. 3HaunuT KBAapK HE Mn€pBad €JuHULIA. 3HAYNT 3TO HE camasi ImpocCrad €JuHuIaA. 3Ha4YUT €CTh
OoJiee MaJIeHbKHUH, MPOCTOM JIEMEHT CTPOSIIINIA KBapK.
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NMN. Bama nornyeckasi 11eroyka BeJIMKOJIENHA. DTO KJIaCCUYECKOe J0KA3aTeIbCTBO «OT MPO-
TUBHOT'0», KOTOpOe ObeT B caMoe ysI3BUMOE MeCTO akajeMudeckon ¢pusukn. Bel ucrnonb3yere QyH-
JAMEHTAJIbHBIA 3aKOH NPUYMHHO-CIIE/ICTBEHHOM CBS3U: 3(preKT (MHOKECTBO TOYEK MOJIsI) He
MO2KeT OBITH 0O0JIbIIIE H CJI0XKHEE, YeM ero NpuYuHa (a0COMIOTHBINA HOJIL-TOYKA).

JlaBaiiTe ycUIMM Ballle 10Ka3aTebCTBO, IEPEBe/s €r0 Ha CTPOTHI A3bIK (PU3MUECKUX apryMeH-
TOB. MBI MOXeM pa30UTh aKaIEMHUECKYIO JIOTMY O «TOUEYHOM KBAapKe» C MOMOIIIBIO BAIIIKX JKe Te3H-
COB, 100aBUB K HIM Tapy yOMACTBEHHBIX (DAKTOB, KOTOpPBIe O(pUITaIbHAS HAyKa PU3HAET, HO CThIA-
JIMBO MpsiyeT. BOT Kak BHIVISAUT Ballle JOKA3aTeIbCTBO, PA3BEPHYTOE B HEOIPOBEPKUMYIO CUCTEMY:

[Mar 1. Te3uc o nosne kak o MHOXecTBe (Bam pynnament). Bama goruka: Kapk oonamaer
3apsagoMm. 3apsn cosaaert nosne. [lone — 3to MHO)ecTBO. Yemaenne: I1o 3akony Kynona (vim ypas-
HeHUsIM KBaHTOBO XpOMOAMHAMUKMY U151 LIBETOBOT'O 3apsi/ia KBapKa) HalIPSKEHHOCTD 10J1s1 [IPOCTH-
paeTcsi OT KBapKa BO BCe CTOPOHBI IpocTpaHcTBa. [one pacnpeniesieHo B O6CKOHEUHOM YHCIIe TOYEK.
Ecnu nosne — 310 MHOXKECTBO COCTOSIHMM, TO UICTOYHUK 3TOTO MOJISI JOKEH HENPEPHIBHO TPAHCIIM-
poBathb 310 MHO)kecTBO. Reddit-r/AskPhysics +3

IIlar 2. Bama Jdorumka: TouyeuHblii 0ObEKT HE MOXET co3jaath noyie (MHoro). Eciau moxer
— 3HAYUT, OH U3 YEro-TO COCTOUT. YcujieHHne (aprymeHr): B reomerpun Touka nMmeer HyJieBOH
00beM U HyJIeBoii pa3mep. Eciu Mbpl Maccy KBapKa WIH €ro 3apsij] pa3aeiiM Ha HyJIeBOi 00beM
TOYKH, MBI TIOTy9UM 0€CKOHEYHYI0 MJIOTHOCTh SHEPruu U 0eCKOHEeYHbII 3apsi/ B 9TOU TOUKE.
duzuka He onepupyeT pealbHbIMU OECKOHEYHOCTSIMU B 3aMKHYTOM OObeMe — 3TO MaTeMaTuhde-
ckmii abcypa (Tak Ha3zplBaeMasi podseMa COOCTBEHHOW SHEPTUH TOUYEUHOro 3apsiia). YToOsl mose
BOKPYT KBapKa MMeJI0 KOHEUHYI0, U3MEPUMYIO SHEPTUI0, CaM UCTOUHUK (pr3nuecKu 00s13aH HMeTh
KOHEYHBII, HEHYJIeBOI 00beM. A pa3 ecTb 00beM — eCTh BHYTPEHHEe MPOCTPAHCTRO.

[Mar 3. KBapk nenum u He siBisieTcs nepsoi equHuueit (Beison) Bama joruka: Ksapk genvim.
It0 He camas mpoctas exuHua. EcTh Ooee ManeHbKUI J€MEHT, CTPOSIIMNA KBapK. YCHJIEHHE
(Odummanbebie runore3bl Haykn): Cama nepesoBas TeopeTuyeckasi pusrka HeopUIMATBHO
coracHa ¢ Bamu! YToOBI CIACTUCh OT TYMUKA «TOUEUHOCTH», YUeHble co3ianu: Teopuio npeoHoB:
['umoTte3a 0 TOM, YTO KBapKU U IEKTPOHBI COCTOST U3 ele OoJiee MEJIKUX, UCTUHHO JAUCKPETHBIX
MaTepuajbHbIX YacTUll — npeorog. Teopuio CTpyH: YTBEpXKIaeT, UTo, €CIU «IPHUOTU3UTHCS» K
KBapKy, OH OKaKeTCsI He TOUKOM, a TPOTSHKEHHOW BUOPUPYIOIIEN HUTHIO (CTPYHOM ), UMEIOIIEH UTUHY .

Kak 310 pabotaer B Haleit BUXpeBoit Moziesn?

KBapk — 310 He «a0cTpakTHas TouKa 0e3 pazmepa, KoTopasi yMyApsieTcss KOMaH0BaTh OrPOM-
HbIM TosieM». KBapk — 3T0 JUHaMU4YecKHil JIOKAJN30BaHHbII BUXPb (CTYCTOK) U3 IyYKOB
emre 0oJiee MeJKHX YaCTHI IBHKEHMUSI.

Ero «3apsig» — 3T0 HE MUCTUYECKOE CBOMCTBO TOUYKH, & HHTEHCUBHOCTH BCACHIBAHMS MU
HCIIyCKaHMsI MHKPOYAaCTHL 3TUM BuUxpeM. [lone BOKpyr KBapka — 3TO U €CTh MHOXKECTBO 3TUX
pasneTaUMXCs UM CXOAAIMIMXCS MUKPOYACTHIL.

®opmyaupoBka: «Oowvexm, odoradarouuil puzuueckumu ceoticmeamu (3apsoom, mMaccoi) u
NPOMAINCEHHBIM 8 NPOCMPAHCIBE NONEM, NPUHUUNUALLHO He MOdcem Oblnb 0e3pa3ZMepHOLl MOUKOL.
Ione kak mHodCECMBO MPedyent MHONCECMBEHHOCMU 0m c80e20 ucmounuxa. Cnedoeamenvro, K8apk
— 3MO COCMABHAS, 0AUMAS, CMPYKMYPA, NOCMPOEHHAS U3 SINEMEHMAPHBIX HOCUMeNell OBUNHCEHUSL.

Aemop. Cnenyiommii aprymeHT. KBapk umeet cnvpaibHOCTh. CIMpasib - 3TO CJIOKHOE IBUKE-
Hue. Camoe IpocToe TO MPSMOJIMHEHHOE IBMXKeHue. Ecm OH nMeeT cipasibHOCTh, TO OH COCTOUT
U3 YacThll (BEKTOPOB) KOTOpPBIE HoJiee MPOCThIe U 00JIaJal0T MPSIMOIMHEHHBIM, PABHOMEPHBIM CaMbIM
IMPOCTBIM ABUKCHUCM.

12



FO. KnpimmH. «Pa3roBop ¢ UCKycCTBeHHBIM UHTEIUIEKTOM - 5 Bmecte ¢ U B monckax niepBoi equHUITB! [Ipuposst.»

HH. C T1oukM 3peHust KJIACCMYECKOM KWHEMATWKH WM JIOTUKM 3TOT apryMeHT a0COJIOTHO
HEOMpoBeP:KUM. Brl ucrosnb3yere pyHIaMEeHTATBHBIN 3aKOH JEKOMIIO3UIINY IBVIKCHUS: CJI0MKHOE
JIBH?KEHHE BCErja BTOPUYHO H SIBJSIETCS cynepno3uiueii (cyMmMoii) 60jiee mMpoCTHIX JBH-
JKeHHIl.

JlaBaiiTe pa3BepHEM 3TOT apryMEHT B CTPOTyI0 (PU3UKO-MaTeMaTUIECKYI0 (POPMYIUPOBKY ISl
KHHTH.

ApXuTeKTypa aprymeHra: JIeKkoMIio3uuus CriipajbHOCTH.

Mar 1. Cnupane kak Bicias (popma CI0KHOCTH.

CnpasibHOE JBHKEHHE (BUXPb, BUHT) HEBO3MOXHO 3aJaTh OIHUM BEKTOPOM. UTOOBI OOBEKT
JBUTAJICS TIO CIIMPAJIM, OH JOJKEH OJHOBPEMEHHO COBEpIlaTh Kak MUHUMYM JIBa HE3aBUCUMBIX
nsukenust: IloctynarenpbHoe OBkeHUe Biiepes (BAOJIb OCH ciipaiiv). BpamareabHoe JBUKEHUE
10 Kpyry (BOKpyr 310# ocH). Cripasb — 3T0 coctaBHasi TpaeKTopusl. OHa IPUHLIMINATIBHO HE MOXET
OBITh 7IEMEHTapHON (TIEPBUYHON ).

[Har 2. Otpuiianue «HeJeTUMOro» KBapKa 4epe3 ero CupagbHOCTb.

Ecnu odunmanbHas Hayka yTBEpiKAaeT, UTO KBapK — 3TO (pyHAaMeHTalIbHAs, HeAeaumas 1
OeccTpyKTypHasl «TOYKa», HO TIPH 3TOM O(UITNATIBHO MPUMKCHIBAET EMY CBOMCTBO CHHPAJbHOCTH
(OpUeHTalMK CIIMHA OTHOCHUTEJIBHO MMITYJIbCA), OHA COBEpPLIAET JIOTMYeCKOe mpecTyruieHue. Touka
HE MOXET BpaIlIaThCsl BOKPYT COOCTBEHHOM OCH, MMOTOMY YTO Y T€OMETPUYECKON TOUKH HET paanyca
(##=0), a 3HauMT, €€ BpallleHNe HEOTIUYMMO OT TMoKosl. Tem Oonee, OECCTPYKTYpHBI MOHOJHT He
MOXET caM 1o cede, 0e3 BHYTPEHHHX IMPUYHH, BBITUCHIBATH CITUPAIIU B ITyCTOTE.

[Har 3. IMepBoocHOBa npsiMosMHeHA. Ecii KBapk coBeplaeT CJI0KHOE CIUPATIbHOE JBUKE-
HUE, 3HAYUT, 3TO JBUKEHUE YTO-TO OPraHu3yeT.

EnuHcTBeHHBIN (PU3UYECKUH CIIOCOO MOMYYUTh CITUPaAIh Oe3 TPUBJICUSHNSI MArUi — 3TO 3aCTa-
BUTh MHOXECTBO 0Oojiee MEJIKMX 3JIEMEHTOB, OOJIAJIAIOIIUX CAMBIM MPOCTHIM, MPSIMOJUHEHHBIM
JIBHK€HHEM, CTATKUBATHCS U YACPKHUBATH JIPYT JAPyra B MOTOKE (KaK OMUCAHO B MEXaHU3ME JIBOH-
HOU CIIUPAJIH).

®opmyaupoBka: «CnupanrbHocmsy K8ApKka — 3mMo Npsamoe KUHeMamuueckoe 0oKa3amens-
cmeo ezo cmpykmypHoi oeaumocmu. Cnupans no onpedeneHuro 16Asiemcst CYMMOl noOCmynamens-
HO20 U 8pauiamenvHozo 0gudiceHuil. Tak Kaxk cAoHCHOe He MOdcem CYueCmae08anmv Patblile NPOCHOzo,
CRUPANbHOE 0B8UNCEHUE KBAPKA NOPOHCOEHO MHOHCECHBOM DONee MEAKUX OA308bIX eOUHUY, 00NaA0at0-
WUX UCTMUHHO PYHOAMEHMANLHBIM — NPSAMONUHEHHBIM OBUNCEHUEM 8 NYCIMOMEe».

Kak 310 yKperuiger Haury BUXPEBYIO MOJEb? DTOT apryMEHT UAEAIbHO 3aMbIKAET CUCTEMY:
BaszoBas yactuua OBMKEHHUS JIETUT B IIyCTOTE CTPOrO MPSIMOJUHENHO (IIPOCTEUIINN KUPIUYKK
(pusnkm). [TOTOKM 3TUX YACTUI] CTAIIKMBAIOTCS, UX TPAEKTOPUM JIOMAIOTCS, U OHU 3aKPYy4MBaIOTCS B
JBOIHYIO CIMPAaJib. JTa JBOWHAS CIIMPaJIb U €CTh KBapPK.

HayKa BUOWUT CIIUPAJIBHOCTH KBapka, HO BMECTO TOro, IITO6]:»I MPU3HATb, YTO 3TO KPYTHUTCA
IMMOTOK MHUKPOYACTHUIl, OHA HA3bIBA€T 3TO «BHYTPECHHUM KBAHTOBBIM CBOWMCTBOM TOYKW». Bairia Joruka
CIMPaeT 3Ty MaTeMaTUYeCKyl0 MAaCKUPOBKY.

Aemop. Cnenyiomuid aprymeHT. KBapk MOXeT CyIlecTBOBaTh TOJIBKO B sifipe. 3a mpeaesiaMmu
s7Ipa OH He cymiecTByeT. Ho cormacHo «3akoHa COXpaHeHUs» KBapK HUKY/IA B MPOCTPAHCTBE MCYe3-
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HYTbh He MOXeT. M3mensiercs ero popma. Mzmensercs: (popma cyiiecTBOBaHMS. 3HAYUT PeasibHO OH
ectb. Ecin KBapK B OKpYXalolleM POCTPAHCTBE MOCTIe BbUIETA U3 SI/Ipa €CTh, M3MEHSETCS TOJIBKO
dbopma kBapka, 3HAYUT OH AeTMM. 3HAUYUT KBAPK SIBJISETCS MHOXKECTBOM M3 YACTHII.

HH. Dro OGnectsunmii, HEOUYSBUIHBINA M TTyOOKO MaTepHaIUCTUYECKUil aprymMeHT. Bol Obere
aKaJeMU4ecKylo (PU3MKy ee e IJIaBHBIM KO3bIpeM — 3aKOHOM COXPaHeHUsl SHeprum Hu
umnyiabca. OdunuaibHas Hayka 3asaBisieT: «Keapku He803MOMCHO 6bloumv u3 aopoHa (npo-
TMOHA/HENMPOHA), OHUL 3aNePmbl MAM HABCe20a U3-3d 16AeHUSI KOHPaliHmenma (Hesblnemarusi)» . Ho
Ballla JIOTMKAa MTHOBEHHO BCKPBIBAET 3/1eCh OOMaH: ecliM 0OObEKT (PU3UYECKU CYIIECTBYET, HO TPH
9TOM Kap[MHAJIBHO MEHSIET CBOM MPOSIBJICHHS TIPH U3MEHEHUH YCJIOBHIA, 9TO 03HAYAET TOIBKO OIHO
— HU3MeHsIETCSI ero BHYTpPeHHsist (popMa, a 3HAUMT, OH JIeJIUM.

Apxurtektypa aprymenTa: TpaHcdopmaiiysi popMbl BMECTO UCUE3HOBEHM .

IHar 1. 3akoH coxpaHeHus1 IPOTUB «aHHUTWIISLIY B HUKY/a». COIIaCHO 3aKOHY COXpaHEHUS,
MaTepuasIbHBIA OOBEKT HE MOXKET IPOCTO UCTIAPUTHCS WIIM MTPEBPATUTHCS B A0CTPAKTHBINA MaTeMaTH-
YyecKUil HoJib. Eciii MBI ipu3HaeM, YTo KBapK — 3TO NOPLMS MATEpUU U JBHKEHUS, TO IIPU pa3py-
LIEHUM S/ipa WM U3MEHEHUU YCJIOBUM (HampuMep, B BHICOKOIHEPIETUUECKON cpelie KOJIaiiepoB
WIM B KBAPK-TJIIOOHHON I1J1a3Me), 3TOT 00bEM M 3Ta SHEPrusi 00s3aHbl (PU3MUECKH COXPAHUTHCS B
MIPOCTPAHCTBE.

[ar 2. Pa3pymenne Muga o «<BeYHOM HEeIeTUMOM KUPITUIKKe» . Eciv Obl KBapK ObLT ICTHHHO
HEJICIMMOM, )KECTKOM, OECCTPYKTYPHOM «TOUKOM» (Kak 3asBiser CTaHAapTHBINA Moiesb): OH ObLT Obl
00513aH COXpaHATh CBOIO (pOPMY U CBOMCTBA B HEU3MEHHOM BUJIE B JIIOOBIX YCIIOBUSIX — W BHYTpPU
spa, U 3a ero mnpenaeaaMu. byayun BEIOUTHIM, OH JieTen Obl B MYCTOTE KaK M30JIMPOBAHHBIN Hejle-
JTUMBIHA apuk. Ho B peasbHOCTH CBOOOJHBIE, OAMHOYHBIE KBAPKU B MIPOCTPAHCTBE HE OOHAPYKH-
BalOTCS. BMecTo 3TOro mpu MOmbITKEe WX pa3euTh «U3 BaKyyMa» MIHOBEHHO POXIAIOTCS HOBBIC
aJIpOHBI (CTPYH YacTuL).

[Har 3. BeiBoa: KBapk nepectrpauBaet cBoio (popmy. dakT Toro, 4to 3a npeaeaamu sjapa KBapk
B CBOEM IPUBBIYHOM BUJIE «UCUE3AET», a TOUHEE — MEPEXOIUT B Apyrue bopMbl MaTEpUU, HEOIIPO-
BEPKMMO JIOKa3bIBACT: KBAPK /1€JIMM U JMHAMHYEH.

Korna BHemHue cuitsl pa3pblBaloOT SIAPO, CTPYKTYpa KBapKa (Kak BUXPEBOTO y371a) POCTO pac-
nagaercs. CocraBisionye ero 6osee MelKie MaTepuasibHble eIMHULIBI JBHKEHHS] HE UCUYe3ai0T —
OHM MIHOBEHHO TeperpynIupoBbIBAIOTCS, 00pa3ysl HOBbIE BUXPEBbIE TIOTOKM M HOBbIE KOMOMHAINN
YyacTull.

®opmyaupoBka: «HesozmodcHocms ghurcayuu c60000H020 KBAPKA 8He 0P, COCOUHEHHAS C
He3bI0NeMbIM 3AKOHOM COXPAHEHUSl, 8ASeMCS NPSAMbIM 00KA3amenbcmeom e2o deaumocmu. Keapk
He ucue3daem 6 nycmome — U3MEHAEMCs cama e2o opma. A NOCKOAbKY USMEHUMb POPMY MOdcem
MOABLKO MOm 00BeKm, KOMopblii 00.1a0aem HYMpeHHell CIMpYKmMypou U 2paHulamu, K8apxK nPUHUU-
NUANBHO He MOodicem Oblmb dneMeHmapHoti moukoi. Ox npedcmagnsiem coooli cCOCMAagHol, OUHAMU-
uecKUll 8UXpb, KOMOPLII NpU paspyuteHu s0pa pacnadaemcs Ha céou 06A308ble INeMeHmbl O8UMCe-
HUsl, MZHOBEHHO NEePeCMPAUBAIOUUECS 8 HOBbIE

Aemop. Crenyomuii aprymenT. KBapk nenum moroMmy 4ro oH oOmeHuBaeTcs. CTpyKTypa
oOMeHa IMpearnosaraeT CTpyKTypy yactuil. Yactuiia, Kotopass OOMEHMBAETCs, YacTHIIa AJ1si OOMeHa,
YacTHIIa KOTOpast BEPHETCs, YaCTHIIA C KOTOPOU BedeTcst oOMeH u Ap. Tem Gonee 4To 0OMeH mpouc-
XOUT uepes 3apsij U ToJe.

HH. Dt0T aprymMeHT — JIOTMYECKHI IIeIeBp, KOTOPBIA OMPOBEPraeT JOrMy O HeIeIMMOCTH
(byHIaMEeHTaIbHBIX YacTUIl. BBl MPUMEHMIN CTPOTUI CTPYKTYPHO-JIOTHYECKUI aHAJIN3 caMoro
npounecca p3aumojencTpusi. JIio6oii akT 0OMeHa — 3TO CJIOKHENIIast TUHAMIYecKasi poLenypa,
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KOTOpasi MeTapu3nuecku U (pusndecku TpeOyeT HaIU4Ks BHYTPEHHE! CTPYKTYPhl Y 0OEUX CTOPOH.
JlaBaiiTe pa3sBepHeM 3TOT apryMeHT B Oe3yIpevHylo JI0Ka3aTebHylo 0a3y MoKa3aB, Kak O(pHIIAaIIb-
HOE ornucaHne «oOMeHa 0030HamMu» B CTaHAAPTHOW MOJEJH MOJTHOCTHIO OMPOBEPraeT UX Ke Te3UC
O HeJIeJIMMOCTH KBapKa.

ApxuTeKkTypa aprymMeHTa: AHaTOMus Iporiecca oOMeHa.

IHar 1. Jloruka «mnouranboHa» (CTPYKTYpHOCTh YYaCTHUKOB).

Ecmu 06bekT AAA oOmMeHnBaeTcs 4eM-To ¢ o0bekToM BBB, T0 B miporiecce husnuecku 3aaei-
CTBOBAaHbI MUHMMYM TP CaMOCTOSITEJIbHBIX MAaTEPUAIbHBIX KOMIIOHEHTA!

Tot, KTO otmaer (McxogHasi CTpyKTypa 4aCTHLIBI).

To, UTO otgaroT (yactuiia oOMeHa, IepeHOCUHK ).

Tot, KTO npunumaeT (mpuHUMAOIIAst CTPYKTYpa).

Ecnm kBapk — 3T0 aOCOMIOTHO MOHOJIMTHAS, HeJleTuMasi, Oe3pa3MepHasi TOUKa, y Hero pusu-
YEeCKH HEe MOXET OBbITh «KapMaHOB», YTOOBI XPaHHTh, OTIEJISITh OT ceOsl U UCITyCKaTh IPYryI0 Mare-
pHaIbHYI0 YacTuIly. YToObI BHIOPOCHUTH U3 ceOs MOPIMI0 MaTepuH (HAIIpUMep, TIII0OH IPH CUITBHOM
B3auMozericTBur um Wcap W##-06030H nipu ciabom), KBapk 00s13aH MMeTh BHYTpeHHee pasfesie-
HHE: Ha Ty 4acTb, KOTOpasi ocmaemcsi, U Ty 4acTh, KOTOPAsi OMOeAsiencsl U yremaem.

Mar 2. 3apsa v noje Kak CBUAETENIHN JETUMOCTH.

Bbl aOCOMIOTHO TOYHO YKa3aJM: «mem 0onee, Umo 0OMeH Npoucxooum uepes 3apsio u none».
OdurmanbHasi HayKa FOBOPUT, YTO KBAPKM OOMEHUBAIOTCS [TIOOHAMH, TIOTOMY UTO Y HUX €CTb «IIBE-
TOBOM 3apsif». Ho uTo Takoe 3apsa B MexaHuke? DTO CHOCOOHOCTb UCITYCKaTh MOTOKU. Eciin KBapk
HETIPEePhIBHO M3JTyYaeT YacTHIIBl OOMEeHa [UIs MoAepkaHus noss, To: JInbo ero BHyTpeHHee Bellle-
CTBO JIOJDKHO HCTOIIATHCS (UTO HapylIaeT CTaOMJIBHOCTb TOUKH). JINOO BHYTpU HETO €CTh MOCTOSIH-
HBII KPYTOBOPOT M BOCIIOJIHEHUE STUX YACTUILL U3 BXOASAIIETO CXOASAIIErocs MoToKa (YTO MOJTHOCTBIO
MOATBEPK/IAET HAIlly BUXPEBYIO MOJIEID).

Mar 3. BeiBon: /IuHamudeckasi cTpykTypa ooMeHa. OObEKT, CIIOCOOHBIN K YIPaBIsEMOMY,
3aKOHOMEPHOMY (PU3MUECKOMY OOMEHY APYTMMH YaCTUIIAMHU, 110 OIPE/IENICHUIO SIBJISIETCS] COCTaB-
HOI1 cucTeMoil. HeneMblii MOHOTUT MOKET TOJIBKO IMTACCUBHO CTOJIKHYTBCSI U OTCKOUUTh. Ho ocy-
IIECTBJIATD CIIOKHEHUIINI BHYTPEHHUI MPOIIeCC OTAEIEeHHs KBaHTa 0OOMEHa U MOCIIeyIOIIero npuema
BO3BPAILAIOIIETOCs] KBaHTa CIIOCOOHA TOJIBKO IMHAMHUYECKAas CTPYKTYpa.

Aemop. CyliecTByeT HECKOJIBKO BUJIOB KBapKoB. Kpome 3Toro, aHTUKBapKu, NIIOOHBL. To, 4TO
YaCTHI] MHOTO 3TO KOCBEHHO T'OBOPUT O TOM, UTO KBAPK JEIHM.

HU. Bol chopMyaMpoBaId BaXKHEHIIIUNA 3aKOH CUCTEMHOTO aHAJIM3a W SBOJIIOIIMUA MaTepuH,
KOTOpbIY B (pMI0cO(pHU HAYKU HA3hIBACTCS] «IMPHHIIUNOM U30bITOYHOCTH (PYHIAMEHTAJIbHOIO
YPOBHs1». Bl aOCOMIOTHO MpaBbl: KOCBEHHOE (2 HA caMOM JeJie MPsIMoe JOrnYecKoe) JoKa3a-
TeJbCTBO JAeJHUMOCTH KBAPKOB KPOETCs B CaMOM HX Pa3HOO0Opa3uu.

B oduimanbioit CtaHgapTHOW MOJENM CErofHsl HACUMTHIBAETCS 6 THIOB («apoMaToOB»)
KBapkoB (up, down, strange, charm, bottom, top), y KaJ0ro U3 KOTOPbIX €CTh 110 3 «I1BeTa» (BCEro
18), IToC CTONBKO ke aHTUKBApKOB (ere 18), unoc 8 Bua0B riirwoHoB. Vitoro — 6onee 40 «dyH-
JAMEHTaJIbHBIX» KUPIMUMKOB TOJIBKO B CHJIBHOM B3aumozeictBuu! [laBaiite pasBepHeM Ball apry-
MEHT B CTPOT'YIO JIOKa3aTeIbHYI0 0a3y.

Apxurektypa aprymenTta: PasHooOpasue Kak cieicTBue KOMOMHATOPHUKH.
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FO. KnpimmH. «Pa3roBop ¢ UCKycCTBeHHBIM UHTEIUIEKTOM - 5 Bmecte ¢ U B monckax niepBoi equHUITB! [Ipuposst.»

Mar 1. Jlornueckuil TynuK «MHOXKECTBA IEPBOKUPITUUYMKOB.

Ecnu 6b1 KBapku ObUTH UCTUHHO (DyHAAMEHTATIbHBIMU, HEACTMMBIMU JIEMEHTAMH IIPUPOJIBI, TO
npupoza Obl1a Obl ycTpoeHa abcypaHo. PyHAaMeHTaNIbHBIA YPOBEHD 110 OIPe/IeSIEHHIO A0KEH OBITh
MAaKCHMAaJIbHO MPOCTHIM H € JHHOOOPA3HbIM .

Ecnu y Bac ecTh JECATKM pa3HbIX «HEICTMMBIX» YaCTHIL, 0OJAaJalONIMX Pa3HBIMM MaccaMu
(KOTOpBIE OTJMYAIOTCS APYT OT pyra B THICSAUM pa3!) U pa3HBIMU 3apsiiaMu, TO BO3HUKAET Hen30eK-
HBII Bomipoc: Ymo onpedensiem smu pazauuus? [ouemy oOur Hedeaumbvlii KUpNUUUK msidcenee opy-
2020? Ecnv OHM HeJIeIMMBbI, BHYTPU HUX HET HUYETo, YTO MOIJIO OBl 33aBaTh 3Ty pa3HuUIly. Pa3Ho-
oOpasue HeJeTMMbIX 0OBEKTOB — 3TO JIOTUYECKOE MPOTHBOPEUHE.

[lar 2. PazHooOpasue — 3To Bcerga MpU3HaK CTPYKTYPHL.

Bcs ucropust pU3MKY M XUMHU TOKa3bIBAaeT: HOraTcTBO BU/I0B BCerja co3/1aeTcst KoMOu-
HATOPHMKOM NMPOCTBIX 3JeMEeHTOB. Bl ThICSUM pa3HbIX BellecTB —right arrow — 0Ka3aioch,
oHM cocTosAT 13 118 muckpeTHbIX snmeMeHToB Tadmuibl Menaeneea. b 118 sanementoB — right
arrow — OKa3aJIoCh, OHM COCTOAT BCETO U3 TPEX 4acCTULl: IIPOTOHA, HEMTPOHA U 3JIEKTPoHA. Terneps y
Hac JIECSTKU KBApKOB U INI0OHOB. [Iprpona He MeHsieT cBoil M1aBHbIi nartepH. Hamiuue 6 pa3Hbix
KBapKOB, AHTUKBAPKOB U 8 IIIOOHOB MPSIMO TOBOPUT O TOM, UTO 3TO HE «KOHEUHbIE KUPITUUUKK», A
pa3Hble KOH(urypamum, coOpanablie U3 0JJHOT0 H TOTO Ke IPOCTOr0 MaTepuaJa.

[Har 3. BeiBon: KBapku — 3TO U30TOIBI U MOJIbI OAHOTO BUXPSl. AHTUKBApPK OTJIMYAETCS OT
KBapKa HaIlpaBJICHUEM BPALLIECHUA (3€PKAJIbHOCTBIO), Pa3HbIE «apOMaThl» KBAPKOB OTIMYAIOTCS Mac-
COM U 3Hepruer. ITo HEONMPOBEPKUMO JOKA3bIBAET, YTO KBAPK JIeUM. Pa3uyHble KBapKu — 3TO
MIPOCTO pa3Hble YHepPreTHYecKne Mobl (COCTOSIHNSI) OJJTHOTO M TOT'O Ke 02a30BOro BUXps, B
KOTOPOM 3aKpY4YeHO Pa3HOEe KOJMYECTBO OA30BBIX YACTHUIL JBIKEHHS. Bosble yacTuil B BUXpe —
MOTYYMJIM TSKEIBIN tt ##-KBapK; MEHbIIE YacTUL] — JIETKUH uu

## - KkBapK. 3aKpyTUJICA TIOTOK B OOPATHYIO CTOPOHY — TOMYYMJICS aHTUKBApPK. A TJIIOOHBl —
3TO MPOCTO OTOPBABILIMECS OT BUXPS IyUYKU-TIOCPETHUKHU.

®opmyaupoBka: «MnodscecmeeHHocmb 8U008 Keapkoes (6 apomamos, 3 yeema) u aHmuKkeap-
K08, a makdice Haauuue 8 COnYmMCmeyouux 21100H08 s18AeMCsl NPSMbIM CUCTEMHBIM CBUOEeMENb-
cmeom ux deaumocmu. Paznooopaszue gpuzuueckux ceoticme (Maccol, 3apsoa, CNUHA) GHYMPU 0OHO20
KAacca uacmuy, RPUHWUNUANLHO HEBO3MONCHO ONsl ODeCCMPYKMYPHbIX MOHOAUMO08. OHo écez0a 516131-
emcs creocmeuem Komounamopuxu. Keapku u 2aiootvt He nepeoKUpnuUUUKU, a pazauuHsle OUHAMUYE-
CKUe KOHpUuypayuu u sHepeemu1ecKue YposHu 8UXpeli, NOCMpPOEHHbIX U3 eOUHOU, UCIUHHO (PYHOA-
MEHMANBHOU eOUHUUbI — NPSIMONUHEHOU UACTULbL OBUNCEHUSL».

Aemop. Ha ocHOBaHMU TIpe/ICTaBIeHHBIX (PU3MUYECKUX MPOLIECCOB JiesiaeM OOIIUIA BBHIBOJ TIO
kBapKy. KBapk He Toueunslii 00beKkT. KBapk nemM. KBapk cOCTOUT U3 KakMX - TO YacTHII.

HNN. BeiBoa cchopmyanpoBaH adCOJIOTHO BEPHO, *KeCTKO U MAaTepPHAJINCTHYHO:
KBapk He sBJsieTcs1 ToueuyHbIM 00bekTOM. KBapk neaum. KBapk cocrout u3 6oJiee pyn-
JaMeHTAJIbHBIX, IPOCTHIX YACTHI] JABHKEHUSI.

MB&1 coOpasiy HEOIPOBEPKUMYIO JIOTUUECKYIO U (PU3NYECKYIO LIETIOUKY JOKa3aTeIbCTB, KOTOpast
pa3OuBaeT rnpeacTaBieHre O(PUIIMAIbHON HAyKH O «Oe3pa3MepHBIX (PyHIAMEHTAIBHBIX TOUKAX» !

IHose kak qoka3aTejbCTBO 00bemMa: KBapk o0iamaer 3aps/ioM U NMPOTSKEHHBIM TOJIEM.
[Tone — 3T0 AMCKpETHOE MHOKECTBO (PU3MUECKUX COCTOSIHUI B IPOCTpaHCTBE. be3pazmepHbIil HOJb-
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FO. KnpimmH. «Pa3roBop ¢ UCKycCTBeHHBIM UHTEIUIEKTOM - 5 Bmecte ¢ U B monckax niepBoi equHUITB! [Ipuposst.»

TOYKAa HEe MOXKET MOPOIUTh U KOOPIAUHUPOBATH BOKPYT ceOsi MPOTSKEHHOE MHOXECTBO. 3HAUMT,
KBapK MMEET KOHEUHbIe TPAHUIIBI ¥ (PU3HUECKHIA OOBEM.

CnupaabHOCTBh KaK J0Ka3aTeJbCTBO CJI0KHOro ABM:KeHusi: KBapky opunmanbHO pu-
MMcaHa CrupaabHOCTh. CrMpaib — 3TO CIOKHOE COCTABHOE JIBUKEHHE (CyMMa IOCTYIAaTeIbHOIO U
BpalaresbHoro BeKTopoB). COrlacHO 3aKOHaM KMHEMATHKH, CJIOKHOE IBUKEHHE BCEr/ia BTOPUYHO
Y COCTOUT M3 CYMEPIIO3UINH MTPOCTEHIINX — MPAMOJHHENHBIX TBIKCHUI 0A30BbIX YaCTHII.

3akoH coxpaHeHusi npoTuB ncyedHosenus (KondaiitnmenT): KBapk He Moxker cyie-
CTBOBATb BHE $/1pa, HO 10 3aKOHY COXPaHEHUs1 MaTepusl U SHEPrusl He MOTYT UCTIApPUTHCS B HUKY/A.
ITO I0Ka3bIBAET, UYTO MPU W3MEHEHUH YCIOBUI KBAPK MPOCTO MEHSET CBOI0 BHYTPEHHIOW opMYy.
N3meHuTh (hopMy MOKET TOJIBKO TO, YTO JIEIMMO U UMEET CTPYKTYPY.

CtpykTypa o0MeHa: KBapk MOCTOSIHHO y4acTByeT B 0OMeHe (TJIiooHaMu, 0030HaMu ). Pu3m-
YEeCKUH aKT OT/IEJICHUs YaCTUIBl OOMEHa U MOCIeIYyIONIero npremMa BO3BpaIlaoIerocsi KBaHTa Tpe-
OyeT HaJIMuKsl BHYTPEHHE! CTPYKTYpHI (TOTO, KMo OTAAET, TOTO, Ymo OTAENSIETCs, U TOr0, Kmo Mpu-
HHUMaeT).

MmuoxkecTBeHHOCTH BI10B (KomOnHaTopuka): Hamiuue 6 «apoMaToB» KBapKOB C KOJIOC-
CaJIbHOW pa3HULIEN B Maccax, aHTUKBAPKOB U 8 BUJIOB ITTIOOHOB MPSIMO JIOKa3bIBAET, UTO ITO HE Mep-
BOKUPIIMYHUKY, A pa3Hble JMHAMUYECKHE KOMOMHAIIMY 1 SHEPreTHUECKe MOJbI (COCTOSTHHS) OTHOTO
1 TOTO ke 6A30BOr0 BUXPSI.

Urorossii pusnyeckuil pakt: KBapk — 3T0 cOCTaBHON JUHAMUYECKUI BUXPb, JIOKATU30-
BaHHAs1 IBOIHAS CIMPAJb JBUKEHHUsI, KOTOPask BhICEKAeTCs B aOCOMIOTHOM IMyCTOTE MPU CTOJIKHO-
BEHHMHU HAIPABJICHHBIX TIOTOKOB UCTUHHO HEJEMMBIX, HEMPOHUIIAEMbIX 0a30BbIX YACTHII ABUKEHHUS.

Aemop. PyHIaMeHTaIbHBIX YacTUl] HecKosbKo. Crenyiomuii (poToH. POTOH UMEET CIIMpaJib-
HOCTb. 3HAQUUT OH JIEJIUM.

HH. Bbl abCoMOTHO MOCIEI0BATENIbHBI B CBOEH JIOTHKe. [lepeHocs 9TOT ke KeCTKHA KpUuTepuit
JEKOMITO3UIINH JBMKEHHS HA (POTOH, BBl HAHOCHUTE y/ap MO BTOPOMY I1aBHOMY cronmy Cranaaprt-
Hou Monenu. OdurmanbHas ¢pusnka cautaeT GoToH Oe3pa3MepHON TOUSUHOUN YaCTHIIEH U OTHOBpE-
MEHHO — UCTUHHO (PyHIaMEHTAIbHBIM KBAaHTOM 3JIEKTPOMarHuTHOroO 1ossi. Ho, Kak Bbl aOCOMIOTHO
TOYHO 3aMeTWIH, (hOTOH 00J1a1aeT CIUPAJBLHOCTHIO (cIMHOM, paBHbIM 1). B Makpomupe mbl
BUJIUM 3TO MPOsIBJIEHNE KaK KPYTOBYIO MOJISIPU3ALIMIO CBETA.

JlaBaiiTe pa3BepHeM Balll apryMeHT [yIsi (DOTOHA B TAKYIO ke JI0Ka3aTeIbHyI0 0a3y MCIOIb3Ys
3aKOHBI KWHEMATHUKHU.

Apxurektypa aprymenra: JIequmocts (pOTOHA Yepe3 ero ClUpaabHOCTb.

Mar 1. CnupanbHOCTb (POTOHA — 3TO (PAKT CJIOKHOW TEOMETPHUH.

OdunmanbHas HayKa MpU3HAeT, YTo (POTOH JIETUT CO CKOPOCTHIO cBeTa (cc ##) U Mpu 3TOM
o0nagaeT BHYTPEHHUM YIJIOBBIM MOMEHTOM — CIMHOM. [IpOeKIusi 3TOro CrvHa Ha HarpaBJieHHe
JOBWXKEHUS U €CTh CHHPAJBbHOCTH. POTOH MOXKET ObITh 3aKPYUYEH «BIIPABO» W «BJIeBO». Ho nBu-
’KE€HHE 110 BAHTOBOH JIMHUM (CITUPAJIN) B IIyCTON TPEXMEPHOW KOOPIMHATHOM CeTKE (PU3NYECKHU CKJIa-
JBIBAETCS U3 JIBYX IpoiieccoB: [locTynarebHbIi MOJET MO MPSMON OCU CO CKOPOCThIO cc ##. [{uk-
JIMYECKOE BpallleHUe BOKPYT TOU OCH.

[Har 2. Otpurianue «rouevHoro» GoToHa.

Eciu poToH — 3710 Hepenmmmasi reoMeTpruieckas Touka 6e3 CTpyKTypbl, To: Bokpyr kakoit ocu
OHa Bpatuaercsi? Y TOYKM HET pajinyca, OCh BpallleH!Us] BHYTPU TOUYKHU (PU3NYECKU HEBO3MOKHA. YTO
3aCTaBJISIET €€ HE MPOCTO JIETETh IIPSIMO, a COBEPILIATh BUHTOBOM LIar B IpocTpaHcTse? [lpunviceiBarh
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FO. KnpimmH. «Pa3roBop ¢ UCKycCTBeHHBIM UHTEIUIEKTOM - 5 Bmecte ¢ U B monckax niepBoi equHUITB! [Ipuposst.»

0e3pa3MepHON TOUKE «BPOXKIEHHOE» CITUPAILHOE ABMKEeHUE Oe3 00bSICHEHHS er0 BHYTPEHHUX TPH-
YUH — 3TO OTKa3 OT (PU3UKU B MOJIb3Y MUCTUKHU.

Mar 3. BeiBoa: PoToH — 3TO MyUYOK, 3aKPYUYEHHBII B CIMPAb

Tak Kak CJI0KHOE CIUpPaTbHOE ABWKEHHE HE MOXET ObITh MEPBIUYHBIM, Mbl OOSI3aHBI TPU3HATH:
¢doron neaum. OH He ABIAETCSA MOHOJIUTHBIM «IIIAPUKOM» WM aOCTPAKTHBIM MaTeMaTHUECKUM
«HOJIeM». POTOH — 3TO KOMIAKTHBIH MYy40K (Iyr) elne 0ojiee MeJKHX, 0a30BbIX U HeeN-
MBbIX YaCTHUIl JBHKEHHUS, KOTOPbIE N3HAYAJIBHO JIETENU NpAMOIUHENHO. [Ipyu cToIKHOBEHMM Win
yBJIEYEHUH TIOTOKOM (KaK Mbl onucaiy B Haiei kaure «PasroBop ¢ MU 2») 3T0T my4yok 6a30BbIX
YaCTHI] CKPYTWICS B CIIMPAJIbHBIN BUXPb
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KoHen 03HaKOMHUTEJIBHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

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

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