Kpartko onucanme (cipaBka)
HA Hali-Ba’KHUTE NOCTHKEHHUS

Ha npod. 1 Jlanuen MapuHos /lan4yeB
M0 KOHKYpca 3a n300p Ha 4. KOPECMOHACHTH (IOMUCHYU wieHoBe) Ha BAH
6 HayuHo nanpagnenue - Mamemamuuecku HayKu

OCHOBHMTE MU IIPUHOCH Ca CBBP3aHU C

L MAaTCMaTU4CCKOTO MOACIIUPAHC B 00JIacTTa Ha CTATHUCTHYECKATa MEXaHUKA U IIO-TOYHO
IoJIydyaBaHC Ha HOBU TOYHU PCUHICHUA 3@ OCHOBHU MOJCJIIN B HCA U 3a TCXHU CBOMCTBa
OT CBIICCTBCH MHTCPECC HC CaMO 3a:

A. Tteopusara — nyonmukanuu M, [1-44], [49-53], [60,61,64], [66-70], [72-76], [83],
[87,88], [92], [94,95], [101,102,103];

HO 1 3a
B. HanotexHonoruurte — myonukamuu [27,30,31,34,35,37,74];

I1. Mar€MaTH4€CKO MOACIUpPAHEC Ha MapaMCTPUTC Ha YOBCHIKOTO TAJIO M JABHMXKCHHETO HaA
yoBeka - nyGmukauuy [45-48], [54-59], [62,63,65], [71], [77-82], [84-86], [89-91], [93],
[96-100].

I. A

AKTYaJIHOCT HA 00J1aCTTA B KOSAITO €A MPOBeJIeHH U3CJIeIBAHUSATA

Benuku 72 nmyGnukanuu B Ta3u rpymna npeacTaBisBaT U3CiIeABaHE HA MaTeMaTUYeCKU
MOJIEJ I, KOUTO OMHUCBAT Ype3 METOJUTE HA CTATUCTUUECKATa MEXaHWKa KOHKPETHU (PU3NYECKU
CBOMCTBa Ha peallHd WM HWJeaIM3UpaHU BellecTBa (CHCTEMH), a Taka CbhUI0O M Ha
eKCIIEpUMEHTATHO HalmogaeMu (GU3WYHHM SBICHHUS M CHIM B TAX. B CBOETO OrpoMHO
OOJIIIMHCTBO pa3IvielaHuTe CUCTEMH ca KPailHO-pa3MepHH — T.€., €UH WU HIKOJIKO pa3Mepa
Ha cucTemara ca kpaiiHu. Toa e egHa chBpeMeHHa 00nacT 3anoyBaiia ot 70-te ronuHu Ha 20
BEK M JJHEC 0COOCHO aKTyaJlHa 3apa iy Pa3BUTHUETO HA MUKPO- U HAHO-TEXHOJIOTHHTE, HaJlaraiyu
W3CIIEIBAHETO HA HUCKO-Pa3MEPHU CHCTEMHU. ToBa MAaTEMAaTUUECKU € 3HAYUTEIHO MO-CI0XKHO,
OTKOJIKOTO TMPH KJIACHUYECKUTE pa3MIeKIaHus Ha OOEMHH CHCTEMHM, 3allOTO H3HCKBa
pa3paboTBaHETO HA CIICIUATHA MAaTeMAaTUIECKU TEXHUKHU.

B gacTHOCT KpaifHO-pa3MepHUTE CUCTEMH MOTar Jia ca ThHKU T€YHU (PHIIMU, BEPIIKKH
(HMIIKKW) WIM HAITBJTHO KpailHU CHUCTEMHU (KOMTO ITbK Ca OT OCOOCH MHTEPEC 3a YUCICHOTO
MonenupaHe Ha peanHu QuandHu cucremu). C pa3BUTHETO HA HAHO-TEXHOJIOTHHTE
MpaKTHYeCcKaTa BAKHOCT Ha TaKbB POJ U3CIEABAHUS MOIYIH 0coOeHO 3HaueHue. [locnenHoTo
ce oTHacsl ¢ ocobeHa cuia 3a epexkra Ha Kazumup nopaau KOMTO 1Be HOBBPXHOCTH pa3esisiu
GuryKTyHMpaIia cpena ce mpuBIHYaT HIIH OTOTBCKBAT ChC CHIIA, KOSITO 3aBUCH U OT Pa3CTOSHUETO
L Mexmy Te3u MOBBPXHOCTU (NIPH TOBa Ta3uW CWJIA € CHIIECTBEHA M HE MOXE Ja Obae
npeHeOperHata npu MUKpPO- U HaHO-pascTosiHus). [lonacrosimem cunure Ha Kasumup, B
pa3IMYHUTE CH BapHaHTHU, ca OOEKT Ha H3CleJBaHE B KBaHTOBaTa EJIEKTPOAMHAMUKA,



KBAaHTOBATa XpOMOJHWHAMMKA, KOCMOJIOTHATA, (1)I/I3I/IKaTa Ha KOHACH3MpPAHATa MaTcpus,
ouoorusara ", HAKOU aCIICKTHU OT TAX, B MUKPO- U HAHO-TCXHOJIOTUUTC.

O0ma xapakTepucTHKA Ha NPOBeeHNTe U3CJIeABAHNS

B teopusiTa pasmienaHuTe MOICTH MOTaT Ja ObIaT peleThuHu (T.€. Ne)UHUPAHT BEPXY
d-MepHa LieJoYMCclieHa pellleTKa — KpaiiHa B HAKOM HamlpaBieHUs, WiIM Oe3KpailHa) win
KOHTHUHYaJIHU (TIOJIEBH ) MOJIEIIH.

OcHOBHaTa 4YacT OT M3CICABAHUTE SBICHHUS Ce€ HaOJM0JaBaT B OKOJHOCT Ha
HenpekbeHAT (pa3oB mpexo (pa3oB Mpexo OT “BTOPHU poA’”), MIIK B OKOJIHOCT Ha (ha30B MPEXO
OT IbpBU poJ. TakuBa SBIEHUS c€ ONKUCBAT B paMKUTE HAa paBHOBECHATa CTATHCTUYECKA
MEXaHUKa, KOSITO ce OocHoBaBa Ha ['mOcoBuTe cTarucThuecku ancamOiu. B To3m momaxon
B3aUMHUTE BEPOATHOCTHH pa3Npe/esieHus Ha AMHAMUYHUTE IPOMEHJIUBHU (CIydalHUTE
BEIMYMHM) ca pasmnpenencHus Ha [ubc ~exp [—fH], xpaero H e XamunroHuana Ha
cucreMata U f X 1/T e mapamerbp 0OpaTHO NPOIOPIMOHAJIEH Ha TeMmIieparypara T.
HopmupoBkaTa Ha Te3n pasnpeneneHus (CTaTUCTHUYECKaTa Cyma) € CBbp3aHa IO ONpeiesicH
HA4YMH C HIKOW OT TEpMOJMHAMHYHHTE MOTCHLMAIM Ha cucTemara. B rpaHuiaTa Korarto
o6embT V u Oposit N Ha TUHAMHYHHTE MPOMEHJIMBU (CIlydailHM BEJIMYMHU) KIOHHU KBM
Oe3kpaitHocT mpu ¢ukcupana tikTHocT N/V (T.e. B TepMoIMHAMUYHATA TPaHMIIA)
TEPMOJMHAMUYHHUTE TMOTEHLUANIN NPUTEKABaT CUHTYJSAPHU (HEAHAIMTHMYHH) OCOOEHOCTH,
F€OMETPUYHOTO MSACTO Ha KOMTO ompenens ¢azoBaTa Auarpama Ha cuctemara. Pasnukara
MEX]ly JIB€ Ch-ChUIECTBYBAIM CH (pa3u (IPUMEPHO TEUYHOCT U MapH) M34e3Ba B KPUTHUYHATA
TOYKA Ha CHCTEMaTa, B OKOJHOCT Ha KOSITO CHHTYJISIPHOTO MOBEJICHHE Ha TEPMOJIUHAMUYHHUS
MOTEHIMAJI C€ ONKMCBA C KPUTHYHHU MHAEKCH, a KOpEJAallMOHHATA AbJKUHA XapaKTepu3upalia
JIBYYaCTUYHUTE KOPENAMOHHHN (PYHKIIUHN HA CIIy4aifHUTE BETMYMHH KIIOHU KbM O€3KpaiHOCT.
Kputnunure MHAEKCH ca YHUBEPCAJIHM 3a BCHYKHM CHCTEMH C €HAa M Chla Pa3MEpPHOCT,
CUMETPUS Ha MOJAPEACHOTO ChCTOSIHUE U AIIEKOJICHCTBUE Ha B3aUMOJAECHCTBUATA B CUCTEMATa
(xunore3a 3a yHuBepcanHocT). Korato cucremata € kpailHa Te3M CHHIYJISIPHOCTH ca
“pa3zmazanu’” (3aKpbBIVICHH), KaTO € JIKO OTMecTeHa (crmpsMo Oe3kpaifHaTa cuctema) U
CTOWHOCTTa Ha TemnepaTypaTa T (M €BEHTyaIHO Ha Ipyry TEPMOJIMHAMUYHU [TapaMeTpH) NpU
KOUTO ChOTBETHATA BEJINUMHA, HAIIPUMEDP CBUBAEMOCTTA (AUCIIEPCHUAITA HA CyMaTa OT CllydyailHu
BEJIMYMHU HOPMHpaHa MO MOAXOASI HAUMH), UMa MAaKCUMYyM B KpaifHata cuctema. OT ocobeH
WHTEpPEC € ONHMCAHUETO Ha “‘(pOpPMHpAHETO Ha CHHTYJSPHOCTTA” KOrato (TMOHE €IUH OT)
pa3MepuTe Ha CHUCTEMaTa ca roJeMH, HO KpaiHH, KaKTO U MpeAcKa3BaHe Ha MO3ULUATa Ha
excTpeMyMuTe (OOMKHOBEHO MaKCUMyMHUTE) Ha HaOJII0JaeMUTE BEIMUYMHU B IPOCTPAHCTBOTO
Ha TEPMOAMHAMUYHUTE NAPAMETPH.

MonenuTte, KOUTO ca U3CJIeIBaHU, ca OOMKHOBEHO Ae(pUHUPAHU BEPXY d-MepHa XHIIep-
kyOuuna pemerka Z%. Ipeanonara ce, 4e BbB BCEKH peleThueH Bb3en [ € A € Z4 (kpaeTo
obmactra /A Ha pemierkara chIbpxka KpaeH Opoit N = |A| cBbp3aHM MOMEXAY CH BB3JIM Ha
pelIeTkara) e parooKeH N-KOMIIOHEHTEH CIIy4aeH BEKTOp a §; ¢ eAMHUYHA IbJDKUHA |S;| =
1 ¢ komnonentu S§', @ = 1, -+, n. B3aumMoe#icTBHETO B cMcTEMara ce OnucBa ¢ XaMIITOHHAH

a,
H==% Ji jﬁ S?Sf . Ilpu ToBa ca pasriiefaHu KakToO Clly4au Ha aHU3OTPOIUS — HAIIPUMED

JUIIOJHO B3aMMOJIEWCTBUE, Taka U Cllydas Ha U30TPOIHA CHCTEMa — KOraTo XaMHUJITOHHAHA €
POTAIMOHHO-UHBAPHAHTEH B N -MEPHOTO “‘CIIMHOBO” MPOCTPAHCTBO, T.€., ¢ O (n) cumetpus. B
nocneaHus ciaydail npu n = 1,2,3 nony4yaBame uzoTponHute Monenu Ha M3usr (n=1), XV
(n=2) u Xaitzen6epr (n=3). OcBeH KIaCHUECKHU ca pa3riieJaHi U KBAHTOBH MOJIETH, HO MOPaIn
HEBB3MOKHOCTTA TSAXHOTO MPELUU3HO AePUHHpaHE Aa Oblie MpeICTaBeHO Ha Pa3yMHO MAaJIKO
MIPOCTPAHCTBO OTIpaIiaMe 3anHTEPeCyBaHHS YUTATENl KbM KOHKPETHUTE My OIUKAINH, KBIACTO
MOJIENIUTE ca IMpeACTaBeHW B JeTailnu. PasrienaHu ca KakTo MOJENM C  HU30TPOIHO



ONM3KOACHCTBHE — KOTaTo ]i‘f‘ ]’.ﬁ = J;; = ] camo aKo Bb3JIMTE Ca Hal-0JIM3KH ChCenu (T.€. ]g ]’.B =
Ji,j = 0 B mpoTHBEH Cily4ail), Taka U MOJIEIH C NAIEKOAEHCTBUE — KOTaTO B3aMMOJIEHCTBUETO
criajia aCUMITOTHYHO C Pa3CTOSIHUETO 77 = 1| MeX Iy JUHAMUYHUTE TIPOMEHIIUBU KaTO ]g £ =
J(r=|r;—r|) r~479 xpaeTo 0 > 0 e peaeH MapaMeThp XapaKTepH3Hpall CTEeHTa Ha

nanexozaeiicteue (ako 0 < g < 2 roBopuM 3a “BOJAEIIO JIaJEKOACHCTBALIO B3aUMOICUCTBHE ;
aKko 2 < 0 TOBOPHM 32 “HEJOMHUHUPAIIO JAJIEKOICHCTBAIIO B3aUMOICHCTBHE ).

MareMaTH4YeCKa OCHOBA HA NMPOBEACHUTE U3CICIBAHUA

MaremaTHuecKuTe METOM MPUJIATaHU 3a W3CJIeJBaHE Ha (pa30BU MPEXOJU B KpaltHU
CUCTEMH ca Hali-pa3HOOOpa3HU M 3aBUCEIHU OT crienuurKkara Ha Mojena. Te3n U3Mnoyi3BaHu OT
MEH BKJIIOUBAT: M3CJICJIBAHE HA TPaHWYHH [ MOCOBU paslpe/eNieHUs Ha ONpeAesieHu OJIOYHU
CIly4aifHU BeJIMUMHU MPHIaraiiky arnapaTta U METOAUTE Ha TEOPHS Ha BEPOSTHOCTUTE 3a IMoJIeTa
OT 3aBUCUMH CIIyYailHU BEIWYMHH, AaCHUMITOTHYHU pPA3JOoXKEHUS — W3CJIeIBaHE Ha
ACUMITOTUYHOTO TOBEJEHUE Ha d-MEpHHM KpalHU CyMH KaTo C€ H3IO0JI3BaT HHTETPATHU
MIPEJICTABSHUSA C SApa ONpEeeNieHn crienuatHu GyHKIuM (Hampumep Ha Murrar-Jlednep) u
TEeXHUTE 0000meHus; unucieHn meronun — Monte Kaprno (3a Monmenupane Ha d -MepHH
CTaTUCTUKO-MexaHW4YHU cuctemMu) U Hroton-KanTopoBuu (3a peimiaBaHe Ha CHUCTEMH OT
nopsimbka Ha 8000 HENMMHEWHW CBBbpP3aHU YpPaBHEHMs OIMMCBAIM, Hampumep, mpoduia Ha
napaMeThbpa Ha MOJAPEXKIaHe B ThHBK TE€UYCH QUIM), U APYTU. 32 HEMPEKbCHATUTE MOJEIH Ce
W3I0JI3Ba anapara Ha Au(epeHIualIHUTe YPaBHEHUS, BKIIOUUTEIHO pElICHHE Ha HeTMHEHHO-
nudepeHIMaTHo ypaBHEHHs OT BTOPM POJ ¢ TIOJIMHOMHA HenuHeitHocT ot 3-ta (O* Monen Ha
I'mas36ypr-Jlanmay) wim 5-ta cremeH (W-teopusata Ha I'mms6ypr 3a “He). Pas6upa ce,
CBOICTBaTa Ha crHenMaTHUTE (PYHKIMU ca HEOOXOIMMH KaKTO 3a pelIeThYHH, Taka U 3a
HEMpPeKbCHATH MOJIETH.

OcHOBHM pe3yJITaTH B My0JUKYBAHUTE HAYYHH PAOOTH:

1) B nyonuxayuama no noxara [92] e nanpasen uzuepnamenen 00630p u ca npeocmagetu
HAKOU HAWUU HOBU Pe3VIMamu NoLyYyeHU 8 nepuooa ciied usiuzaHemo Ha monocpaguama M 3a
noseoenuemo Ha Kpumuunus egexkm Ha Kazumup na 6asama Ha MOYHU AHATUMUYHU
pe3yimamu Ha CMamucmuKO-MexaHuyHu Mooeu.

B 0030pa ca 00XxBaHATH KaKTO KJIIACUYECKH, TaKa U KBAHTOBH CUCTEMU: €IHOMEPHU
Wzunr, XY, u Xaiizenbepr mozaenu, npymepHusi M3UHT Mojen, cpeaHO-MONeBU MOJEIH Ha
CUCTEMH C TEOMETpPHsI Ha ThHBK (UM, d-mepHu ['aycoB u chepruueH (K1acHuecku U KBAaHTOB)
Monenu, bose ras (uaeaneH, u He, KaKTO U pelaTUBUCTKH). CHielMaHO BHUMAHHE € OTAEJICHO
Ha Ha BIUSHUETO HA TPAHWYHUTE YCIOBUSA BbPXy MOBEIECHHMETO Ha cuiara Ha Kazumwp.
OcHOBHO ca pa3renaHd TreoMeTpuss Ha ThHBK (uiaM, Ha cdepa B3auMoAeHcTBaIIa C
MOBBPXHOCT M Ha B3auUMoOAeicTBHEe Ha JABe cdepu. 3a Ja HampaBUM H3JIOKEHUETO
CaMOCHITIACYBaHO, CME M3JIOXKIIIN HAKPATKO U TEOpHUsATa Ha (Pa30BHUTE MPEXOAN U KPUTHUHUTE
SIBJICHUS] B KJIACMYECKUM M KBAHTOBU CHUCTEMHM, KAKTO U TEOpHUsTa Ha KpanHO-pa3MEpHOTO
nonobue. [IpencTtaBeHo € M 3HAYEHUETO HA TMONYYCHHUTE TOYHHM PE3YNTaTH 3a MPABUIHOTO
pazbupane Ha ekcriepuMeHTamHuTe (aktu. [IpeAcTaBeHO € W BB3MOKHH TPAKTHYSCKH
MIPUJIOKEHUS] Ha U3JIOKEHUTE pe3ynTaTd. B peBloTo ca 00XBaHATH KAaKTO KJIACUYECKHU, TaKa U
KBaHTOBM cuctemu: eqHoMmepuu M3unr, XY, u XaitzenOepr monenu, AByMmepHust 3uHr mozen,
CPEIHO-TIONEBU MOJIeNH, d-MepHuUs ['aycoB u cheprueH (K1acuieckn U KBaHTOB) Mozienu, boze



ra3 (UjaeajieH, HeuJealeH, KakTo M penaTuBUCTKH). CrenralHO BHUMaHUE € OT/AEJIEHO Ha
BIUSHUETO Ha TPAHUYHUTE YCIIOBUS BhPXY MOBEIECHUETO Ha cunara Ha Kazumup.
Ta3u nyOnukanus 6e n3dpaHa 3a Hail-3HAYMMO HAYYHO MOCTHXKEHUE Ha MHCTUTYTa O
Mexanunka 3a 2023 roguHa U BlIE€3€ KaTo TakaBa B TOAUIIHKA oTdyeT Ha BAH.
2) Tounu pesynmamu 3a cmamucmuyeckama cyma 3a mooen Ha Mzune ¢ ancamobw ¢
Guxcupano namacnumeane — Bux [88, 95, 101, 103].
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7 ® o’ IIpenn okono 100 roaumnu, mpes
‘e l e? 1920 r., Bunxenm Jlenn mnpemsiara
‘e ®’  Mojen, KOWTO e pemleH mpe3 1924 r.
° K] M=4 I ® 20 o1 merosus yuenuk Epucr Usunr B
"e roJeMusi KaHOHMYEH aHcaMOBJ 3a
2@ 5@ o . o o, ¢ Clly4yasi Ha €JHOMEpHa BEpUKKa
14 by 16 MopgensT HOHEC € H3BECTEH KaTo
Mozen Ha M3unr. OTTroraBa u BhIPEKH HAKOU OMUTH, HE O HalMIle aHAJTUTHYEH pPe3yJTar 3a
MOBEJICHUETO Ha €IHOMEpHHS Mojaen Ha M3uHr, korato oOmjata My HaMarHuTBaHe (T.e.,
MpUMEpPHO, OpOSIT Ha HACOYCHHWTE HArope MarHUTHH MOMEHTH (Spins) MUHYC Oposi Ha
HACOUYCHUTE HAJI0JTy MATHUTHH MOMEHTH, WJIH C KOJIKO OpOSIT Ha CHHUTE YAaCTHYKH € MO-TOJISIM
OT TE€3W Ha YEPBEHHUTE) Cc€ MOIbpKa Ppukcupano (B uimoctpanusara M=4). TakoBa ChCTOSTHHE
€ CBBP3aHO ChC CBOWCTBATa Ha pazIM4yHM Martepuanu. B [88], u3nonsBaiiku BEpOSITHOCTHO-
KOMOWMHATOPEH MOIXO0/1 € TPEJACTaBEHO JIMTICBAIIOTO pemeHune Ha To3u 100-roauiieH nmpobiem.
Kpaitnute pesynrtaté ca AaJleHd B TEPMUHU Ha XxumnepreoMmerpuuHute pyHkuuu Ha [ayc.
[TonydyeHuTe aHAIUTUYHU U3paA3U MTO3BOJIABAT HE caMO Je(UHUPAHETO, HO U OTPEICIITHETO Ha
€Ha HOBA CHJIA, MPEIU3BUKAaHA OT (UIYKTyallMUTe BHB BEPUXKKATA, 32 KOSATO MPEATIOKUXME
uMeTo cuia Ha XenMmxonl. TodyHHMTe pe3yiTaTH MOKa3BaT, Y€ 3a MEPUOAUYHU TPaHUYHU
YCIIOBUSI, TEMIIEPATYPHOTO U TIOBEJICHUE € MOA00HO Ha CHUJIaTa, MOsBSABAIIA CE B HIKOU BEPCUU
Ha TeopusTa 3a ['ojemus B3pUB - CHIIHO OTOJILCKBAHE MPU BUCOKHU TeMIEpaTypH, IPexo] KbM
YMEPEHO MPUBIMYAHE 32 MEXKAHMHHA CTOMHOCTH Ha TEMIIEpaTypara, u clie]] ToBa 00paTHO KbM
O0TOTbCKBaHe, Makap U MHOTO MO-ci1ab0, OTKOJKOTO Mpe3 MbPBOHAYAIHUS NEPUOJ Ha Hai-
BHCOKa TemriepaTypa. TakbB THUI cujia MOXE Ja ce AeduHHpa 3a MPOU3BOJIEH MOJEN Ha
CTaTHCTUYEeCcKaTa MEXaHUKa U T4 Ja ObJe U3CcieIBaHa Ype3 pa3InyHi aHATUTUYHU U YHCIIEHU
MeTo 1 — Harpumep MonTe Kapio meroau. 3a MOMEHTa, OCBEH 3a pa3riieJaHus MOJIeT, TAaKUBa
pesynratu ymrncBat. [lyonukamus [88] O6e n3bpana 3a Hall-3HAYMMO HAYYHO MOCTHIKEHHE Ha
HNucturyra no Mexanuka 3a 2023 roarHa u Blie3e KaTo TakaBa B roauiiHus otyeT Ha BAH.
B [95]u[101, 103] e moka3aHo Kak pe3yaTaTuTe oT [88] MoraT 1a ce mosydar Ha 6azara
Ha MeToAa Ha TpaHCEep-MaTpHIM, H3MOI3BAKKM 3a MPHB MBT TEXHUKA OCHOBAaHA Ha
nosvHoMUTe Ha YeOWUIIOB OT MBpPBH W BTOpU poi. V3BeneHW ca M TOYHU pe3yiTaTH 3a
antunepuonnynu [95], Jupuxie [101] rpanudnu ycnoBus 1 3a ciy4aii Ha 1eeKT B CUCTEMaTa.
W3Benenu ca u peauiia HOBU HHTETPAIHU MIpeICTaBIHUA Ha GyHKUIuuTE Ha ['ayc B TepMHUHUTE
Ha TOJTUHOMHU Ha YeOuIIoB.

3) Passumue na meopusma Ha KpauHO-pa3MepHOMO NO00Oue 3a CUCmemu ¢ KpauHu
pasmepu (m.e. Kax eOur pazos npexoo ce pazeusa 6 Cucmema umawja noHe eOuH KpaeH
pasmep - mvHKU QUIMU, HANBIHO KpauHa cucmema, u m.H.). Ocobeno cvuecmeenu ca
npuHOCUme 3a pazeumue Ha Mazu meopusi 3a CUCeMU C 800eU0 Ul HeOOMUHUPAUIO
oanexooeticmaue.

TeopeTHuHOTO ONKCaHUE HA HAOJI0IaBaHUTE CBOMCTBA HA CHCTEMH C KpailHU pa3Mmepu
CE€ OCHOBaBa Ha meopuama Ha KpPAuHO-pA3MEPHOMO no0odue u HeuHume 0000ujeHusl.
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CBBpeMEHHOTO CHhCTOSIHME Ha Ta3u TEOopus € oTpa3eHo B MoHorpadusata mu “The Theory of
Critical Phenomena in Finite-Size Systems - Scaling and Quantum Effects” u B 00630pute
[92,94].

PasButnero Ha TeopusaTa 3a CUCTEMHM C BOJACIIO JAICKOACHCTBUE € MPEACTABEHO B
MoHorpadusra, u B [5,13,16,24].

Crnydast Ha CMCTEMH C HEIOMUHHpAIOo AanekonaeicTeue (Hanmpumep Ban mep Baanc
(BAB) Tun B3auMojeHCTBUE, KOETO € OCHOBHOTO B3aUMOJIEUCTBUE BbB BCHUUKHU HEMOJSPHU
bnynan) e pasrneman B [18,19,20,21,26,28,29,33,42,50] B KOMUTO € TPEICTaBEHO €IIHO
00o011eHne Ha TeopusATa 00XBAIIAIO TO3H BAXKEH Ki1ac OT cucteMu. DopMynupaH € Kpurepun
3a TOBa KOJIKO TOJisiMa TpsiOBa na € aeOennHara Ha enuH ¢uiaMm (B 3aBucumocT oT BJIB
napaMmeTpuTe Ha TeyHoctTa U B/IB mapamerpure Ha orpakJaiure s IOBbPXHOCTH) TakKa, 4e
KpaifHOpa3MepHOTO MOBE/IEHUE HA CUCTEMATA J1a € XapaKTepHO 3a CUCTEMa C OJIM3KOIEHCTBAIIIO0
B3aMMOJICHCTBHE, KbM YMHTO YHHBEpPCAIHOCT Kiac cucremara ¢ B/IB npunaanexu. I[logoben
Kputepuii € GopMyIUpaH U 3a BIUSHUETO HA rpaBUTanuaTa [33] BbpXy MOBEIEHUETO HA TAKUBA
cucteMu. Te3u KpuTepuu ca MmpoBepeHu 3a cuctemu ¢ aedenuna 10 8000 crnos, KoeTo BOAH 110
HEe0OXOIMMOCTTa YHUCIIEHO Ja Ce peuaT ChbOTBETHUS Opoil B3aMMHO CBBP3aHU HEIMHEWHU
ypaBHeHHs. TOYHM pe3ysiTaTH 3a IOBEJACHUETO Ha KopelalnoHHaTa ¢pyHKuus B cuctemu ¢ B/IB
B3auMozeiicTBue ca mpeacraBeHu B [19,21]. Tam ca mpenctaBeHn U apryMeHTH 3a OOLIUs
ciydvaif (Buxk nurtatu 19.13 u 21.14).

Hsikon oOmm BBIPOCH Ha TEOpHATa, KOMTO JOBEIOXa J0 HEHHOTO 000OmeHHe 3a
CHUCTEMH C aCUMIITOTUYHO TOJISIMO OTMECTBAHE HA KPUTHYHATA UM TEMIIEpaTypa ca pasrieaaHu
B [22].

KBantoBu acnektu oT neduHUpaHe Ha TEOpUATa Ha KpaHOPAa3MEpPHOTO MOAOOHE ca
pas3riieaHy aHATUTUYHO Ha 0a3aTa Ha KBaHTOBHA chepuyeH mozaen B [15-17].

4) Hos, seposmnocmen noOXo0 KvM mMeopusima HA KpauHOpAZMepHOmMO nooodue ¢
¢dbopmynupan B [2,3].

%

%

B [2] e moka3zaHo, B TepMUHU Ha rpaHuuHu ['MOCOBM pasmpenencHUs Ha TMOAXOJSIIO
HOpPMHpAHU CIyYailHH BEJIMYUHH, Ye 00001IeHNTEe KBa3u-CpeqHr Ha boromo6oB Morart ia
CE M3MOJI3BAT 33 aHANM3 HA TMOBEJECHUETO Ha CHCTEMHU MpEeThbpHsBanii (a3oB Mpexoi OT
bpBU poJl. TOUHM pe3ysTaTu ca MoJIy4eHHU 3a ChEepUIHUS MOJIET.

» B [3] e mokazaHo kak (PyHKIMUTE XapaKTepU3Hpallu KpatHO-pa3MepHOTO MOBEACHHUE Ha
€JHa chCTeMa MoraT Ja C€ IOoJIydaT OT IPAaHMYHUTE BEPOSTHOCTHU DPA3NpPEEICHUs Ha
OTpeeNieHH CYMHU OT TOJIXO/ISII0 HOPMUPAHU CIIy4YailHU BEJIMUHUHHU, KATO HOPMUPOBKATa €
JByInapaMeTpuyHa W nojalOpaHa Taka, 4e cHCTeMaTa C HAapacTBAaHETO Ha pa3Mepa CHU ce
npubIMkaBa KbM KpUTHUHATA TOUKA Ha Oe3KpaiiHaTa cuctema. KoHKpeTHUTE pecMITaHus
ca HampaBeHU Ha 0a3ata Twi cheprueH MoJen (ChC B3aUMOJCHCTBIEC BCHUKH C BCUYKH).
[Ipennoxxeno e 06001IeHNE, KOETO c€ Mpe/Ioiara BaIMIHO B OIS CITydai.

*

5) Ilonyuasane ma Ho8U MOUHU peuieHUs 34 OCHOGHU MOOEIU HA CMAMUCMU4ecKama
mexanuka kamo: eonomepen XY u Xauizenbepe mooenu 6 2onemus KAHOHUYEH
ancamovi; eoHomepen mooden Ha M3uwe 3a cucmema ¢ uxcupana cmouHocm Ha
napamemuvpa Ha noopescoaue (m.e., 8 KAHOHUYHUSA AHCAMODBI), MOYHO peulenue Ha
Mmooena 3a mpumepen peramusucmuyder bose eas, MHOMICeCME0 MOYHU pe3yImamu 3d
cepuynus Mooen, moyHo peuteHue 3a cpedHo-nonesus XY mpumepen mooen Ha mbHbK
Quim ¢ “ycykanu” epanuunu ycnosus, Iunzoype-Jlanoay cpeono-nonesu mooen, u

opyeu.

Nscnenpanute Mmoaenu ca ot kiaca d-mepau O(n) moaenu. TouHu peuieHus ca MOTyYEHU
3a:



% Eonomepen mooen na Hzune (d = 1,n = 1)
» C (ukcupanu rpaHUYHH ToJieTa (TOJIsIM KaHOHHYEH aHcaMOb) [49];
» C ¢ukcupaHa CTOWHOCT Ha CyMaTa Ha CIy4ailHUTE BEJIMYHMHH, T.C., HA TapaMeThpa Ha

noApexxaane(kaHoHn4yeH ancamonwi) [88, 95, 101];

% Tpumepen mojen Ha peramugucmiu bose 2az ¢ reoMmeTpus Ha ThHBK puim [72];

¥ Coepuuen moden (CHOTBETCTBAIl HAa TEOPETHYHATA TPAHHIIA N — 00) CBC CBOOOIHH
rpannyHu  ycnoBusi  [40,41]; pesynratu B paMKUTE Ha  IOJEBO-TEOPETUYHA
PEHOPMAJIU3AMOHHO TPYIOBa CXeMa M3IMOJ3BAWKU TEXHUKATa Ha £-pasnoxcerHuemo [20].
KonkpeTHr HOBH pe3ysiTaTH ca U3BEIACHH U 3a NMOBEJICHUETO Ha MOBBPXHOCTHUTE (Pa3oBU
MpexoaAu B paMkuTe Ha cdepuuHus moaen — Bk padoru [11,12]. Bwmpoca 3a
CHILIECTBYBAHETO HA PE30HAHTHH JIOTAPUTMUYHU KOPEKLIMY B NIOBEICHUETO HA MOJyJia Ha
XENMKOUIAIHOCT ¥ B CBOOOIHATA EHEPTHUsl HA TPUMEPHH CUCTEMH € pa3riieaH B [6-9], kaTo
ca MOJIyYeHH pelrIla HOBH KOHKPETHU aHAJTUTUYHU PE3YNITaTH (HIKOM OT KOUTO H 0 JTHEC
OYaKBaT CBOETO OOSCHEHHE B pAMKHTE Ha €/IHA M0-00111a TEOPHS).

» XV mooen (n = 2)

» C ¢ukcupanu rpaHudHy mojera npu d = 1 (TonsM kaHOHUYEH aHCaMOB) [49];

» Ilpu HaJIOXeHH ,,yCYKaHU TPAaHUYHU yCiIoBHA [36];

Mmooen Ha Xauzenbepe ¢ GUKcUpaHu rpaHdHU nojeTa [49];

Monme Kapno pezynmamu 3a mpumepnus moden na Hzune, mpumepnus XY mooen u

mpumepHus mooen Ha Xauzenoepr [23];

s Taycoe moden (2 < d < 4)[23,49];

» C anusotponus [23,32];

» C rpaHUYHH YCJIOBHUS OT THUIIA OTMECTCHH IO (ha3a Osiramniy BIHU [49];

@* I'unzbype-Jlanoay cpedno-nonesu mooei ¢ BHHIIHO oIe. MaTeMaTH4eCKu POOIEMBT

Ce CBEXJa 10 AHAJUTUYHOTO pelIeHHEe Ha HEJIMHEHHO-Au(]epeHIUaIHO ypaBHEHUS OT

BTOPH POJI C MOJMHOMHA HETMHEHHOCT OT 3-Ta CTENEH MPH HAJUYUE Ha JIMHECH WICH NpU

paznuunu rpanugan ycaoBus (I'Y): npu Teit-Hapeuenute (+,+) I'Y [43, 44, 73]; ipu (+,-)

'V [51, 64, 73]; npu (Hoitman,+) I'Y [53, 60]; (Hoiiman-Hoiiman) I'Y [61,73]; Jupuxie

'y [69,70,73,83]. [Ipeau Te3u myOauKamuu 3a HaKou OT T€3W TPAHUYHH yCJIOBHSI PEIICHUS

0s1Xa U3BECTHHU CaMO TIPHU HYJIEBO BBHIIHO I0JIE, KOETO € CHIIECTBEH MapaMeThp BIHSCI]

CUJIHO BbPXY MOBEJICHUETO Ha BETMUYUHUTE XapaKTEePU3UPALIU CUCTEMUTE.
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6) Touno pewenue na Y-meopusma na I'unzbype 3a mvuvk guim onuceaw *He.

Tasu cucrema e pasrimenana B [68]. Ts ce ommcBa ¢ mMaTremMaTHdeckd Oa3upaH Ha
MOBEJICHUETO Ha €IHAa KOMIUIEKCHa (YHKLHUS, XapaKTepu3HpaHa C aMIUIMTyna U Qasa,
3aBHCEIU OT KOOpAWHATUTE Ha TedHocTTa. [locTosiHHa (pa3a oTroBaps Ha HenmoABMXKEH (QIryu,
KOWTO cily4all pasriexaame. Maremarudecku 3ajadyaTa Ce€ CBEXIa J0 PEUICHHETO Ha
HEJIMHEWHO Au(EepeHlnaTH0 ypaBHEHHE OT BTOpU pea C HallokeHdu [lupuxie rpaHuyuHuU
YCIJIOBUS Y HEJIMHEIHA YacT NMPEACTABIIABAIIA [IOJMHOM OT 6-Ta CTETEH.

[Tomyuenoto pemrenue € 3a puimu ¢ kpaitHa nebenuna L. OcBen cunara Ha Kazumup
CMe MOJIyYWId M MpoMINTe Ha apaMeThpa Ha MOJAPEKIaHe B 3aBUCMOCT OT KOOpAMHATATa
Z TIO TIPOTEXKEeHHEe Ha nebennHaTa Ha Guima. Pemennero € n3Be1eHo aHATUTUYHO B TEPMUHH
Ha CTUNTUYHA (YHKIIHH.

[Tonyuenurte B [68] cBolcTBa Ha cunaTa Ha Kazumup npeacraBisBaT KbM MOMEHTA Hall-
100pOTO CHBIAJICHUE HA TEOPETUYHU aHATUTUYHU PE3yITATU C EKCIIEPUMEHTAIHUTE TaKUBa —
Bk Qurypu 3-5 B [68].

7) H3eeoderno e 0600wenue Ha uzeecmHomo npub.audiceHue Ha /lepseun, koemo obooujenue
0asa MoOYHU Pe3yImMamu 3a 83auMoOeliCmeuemo Ha Msi0 ¢ NPOU3BOIHA Gopma ¢
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MAaxKoea 02paHuyeHo Om PAGHUHHA NOBHLPXHOCH NPU YClo8Ue, Ye NOMEHYUalIvm Ha
83aumooeticmsue e 08y4acmuen.

To3u pe3yaTat e nonydeH B [38] v Beue moydu CBOETO MPU3HAHKME U OT pyCcKaTa Hay4yHa
mkona — Bux nurtatu 38.22 u 38.24. B [38,66] MeTOOBT € MPUIIOKEH 3a CIIydauTe Ha TOp,
€JIMIICOU/T HAKJIOHEH MTPOU3BOJIHO CIPSIMO PaBHUHHATA MOBBPXHOCT, U IPYTH.

8) Marematnuecko MoJEIupaHe Ha MOBEICHUETO HA CTATUCTUKO-MEXAaHUYHU MOJEIHU C
JTUTIOJIHO B3auMmojeiictBue — craruu [1,4]. Pasrmenan e BbIpoca 3a OCHOBHOTO
CbCTOSIHUE Ha JABYMEPHH CHUCTEMHU OT KJIACHYECKH JIUIIONH, PA3MOJIOKEHU BBPXY
JIBYMEPHU pPOMOMYHU PEUICTKU XapaKTEePU3UPaHU C BI'bI Ha “POMOUYHOCT @, KAKTO U
BBIIPOCA 32 HATMYHMETO Ha JIAJICYHO MOoApexaaHe U (pa30BU MPEXoau B TAKMBA CUCTEMHU.
[ToHacrosiem ce okasa, 4ye HIKOM peaaH cUCTeMU (0T “KBAaHTOBU TOYKH) ca OJIU3KHU
70 TakaBa HJealu3upaHa IMOCTaHOBKA, KOETO MOJXpaHBa MHTEpeca KbM TO3U THUI
MOJICITHA CUCTEMU (BIOK UTaT 1.65).

9) Pe3yﬂmamu nojiydyeHu ¢ Memooume Ha Mamemamuieckomo ManﬂupaHe C8bP3AHU C
noeeoeruemo Ha (ﬁﬂmeyaL;MOHHO undyuupaﬂu Cujiu — om OCHOBHO 3HA4YeHuUue 3d
paseumuemo Ha HaHomexrnoJjocuume.

Pe3ysTaTi mojiydeHH B CTATHH OT rpyna A.

Pesynrature 3a noBeneHueTo Ha cunara Ha Kasumup ca cymupanu mpe3 2023 1. B

nyOMuMKyBaH OOIIMPEH 0030p 3a TOYHHM pe3ylTaTh 3a KpuTW4yHUsA epekT Ha Kazumup B

Physics Reports (IF 30.51) — Buwxre [92]. Ta3u pabota 6e u3dbpaHna 3a Hali-3HAYUMO HAYYHO

nocTmkenne Ha MHcTUTyTa Mo MexaHuKa 3a ChOTBETHATA TOJIMHA UM BJIE3€ KaTO TaKaBa B

rogumraug ordetr Ha BAH.

B [88] mpe3 2022 r. npemoxkux (cpBMecTHO ¢ Prof. Joseph Rudnick) nedunumms va nosa

Grykmyayuonno-uHoyyupana cuna - cuia Ha XelIMxoutl. be noiayuyeH ToueH pesynrar 3a

Ta3u cuia B €AHOMEpHHUS Mojen Ha M3uHr ¢ ¢ukcupaHa cTOMHOCT Ha cymara Ha

CIyyallHWTE BENWYMHU (TapaMeTbpa Ha TMOAPEXKAAHE) MPU HAJOXKEHU TEePUOTUIHU

rpaHudHH ycioBus. Ta3m pabora O6e m30paHa 3a Hal-3HAUMMO HAYYHO TMOCTIKEHHE Ha

HNuctutyTta no Mexanuka 3a 2022 ronurHa u Biie3€ KaTo TakaBa B ToAUIIHUA oTueT Ha BAH.

B [95] te3u pesynratu ¢ W3MON3BaHE HAa TEXHWKATa Ha MOMMHOMUTE Ha YeOumioB Oe

JIOpa3BUTa 32 aHTUIEPUOIUYHHU TpaHU4YHU ycioBus, a B [101] — 3a upuxiie rpaHudHU

yCIIOBUSL.

Tounu pesynraru 3a cunara Ha Kazumup ca nmomydenu 3a:

» eIHOMEpeH MoJiel Ha VI3UHT pu MepUOoANYHH, aHTUTICPUOANYHH U J{UpHUXIie rpaHuYHA
YCIIOBUS KaKTO NP HAJIMYUE HAa BHHIIHO BB3/ACHUCTBAIIO MMOJe, TaKa U MpU (PUKCHpaHa
CTOMHOCT Ha TapaMeThpa Ha ToApexAaHe (Ha cymara OT CIy4YallHUTE BEIHYWHH)
[88,95,101];

» IIByMepeH Mojen Ha VM3uHT pu NepuoanYHy TPaHHUYHU YCIIOBHS,

B [14] u [32] ca nosy4eHH aHATUTUYHO €AMHCTBEHUTE TOUYHO M3BECTHH aMIUIUTYAU Ha

Kaszumup 3a TpuMepeH HeTpUBHAIEH CTATUCTUKO-MEXaHUICH MOJIEI.

B [23] e mpennoxkeH HOB TOAXOI B TEOpHUSTa HAa CTATHCTUKO-MEXaHUYHUS €PEeKT Ha

Kasumup, ocHOBaBai] ce Ha aHAJOr Ha OMEparopa Ha HANPEKECHUATA 33 PEHICTHYHH

cuctemu. [lonxona e mpuiioXkeH 3a u3cieaBaHe cuiara Ha Kazumup B TpuMepeH MoJeN Ha

W3unr (wenomsipuu ¢oaynau), XY Monena (3a CBpbXTEUEH XeNWi) M 3a Mojed Ha



XaiizeHOepr (omucBaIl MOBEJACHUETO HA MAarHUTHU cucTeMu). O030p Ha CHCTOSHUETO Ha
U3CJeBaHMUATa B 00JIaCTTa € MPEACTaBEeH B MOHOTpa(dusiTa MH.

KBanToBu acmektu oT cwiata Ha Kasumup ca u3ciieBaHM aHAJIMTUYHO B KBAaHTOBHUS
cthepuuen momen [15-17].
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AHanMTUYHK pe3yNTaTH 3a HOBEJEHHETO Ha cuiata Ha Kasumup ca momydenu u 3a @
I'un30ypr-Jlangay cpenHO-TIONEBH MOJEN C BBHIIHO TOJE MPU Pa3IUYHU TPaHUIHH
ycinoBust (I'Y): mpu Toit-Hapeuenute (+,+) I'Y [44, 73]; npu (+,-) T'Y [64, 73]; npu
(Hotiman,+) I'Y [53]; (Hoiiman-Hoiiman) I'Y [61,73]; Hupuxiae I'Y [73,83]. [Ipeau Te3u
myONMMKany 3a HAKOU OT TE3W TPAaHWYHH YCIIOBHS PEIICHHsS OsiXa M3BECTHU camo TIpH
HYJIEBO BBHIIIHO T0JI€, KOETO € ChIIECTBEH MapaMeThp BIHICI CHIHO BbPXY MOBEICHUETO
Ha cunaTa Ha Kasumup.

Pe3yJsiraT oj1iy4eHu B cTaTUM OT rpyna B.

MaremaTH4ecKo MOJCIIMPAHC Ha MABJICHUA U CHUIM OT HUHTCPCC 34 HAHOTCXHOJIOTMHUTC

[27,30,31,34,35,37,74].

B vacTHOCT TOBa € MOzAENMpaHe U OLCHKA HA CHJIMTE JEHCTBAIM HA MAJKU Pa3CTOSHUS MPU
MHUKpPO M HaHO-aceMOnupaHeTo [27], BbpXy CUJIMTE IEHCTBAIM BHPXY paOOTHHUTE paMeHa Ha
xBamayd (gripper) [30] melictBain B HenoyisipeH Giyw I, BPXY BIMSHHUETO HA OKOJIHATA Cpelia
(Temmnepatypa) Bbpxy Te3u cuiu [31], 3a XBamau ¢ nue3oesieKTpuyHa oopaTHa Bpb3ka [34],
BBPXY B3aMMOJEHCTBHETO Ha PabOTHOTO paMO Ha XBallad ¢ MHUKPO-OOEKT HaMupall ce B
Henossiped ¢ayun [35, 37], u Hakpas — BbpXy BaH Jep Baanc B3aumoneicTBHeTO Ha
BBIJIEPO/IHA HAHO-TPBONUKA ITOAJI0KEHA HAa XUIPOCTATUYHO HAJISTaHE C PABHUHHA IIOBBPXHOCT
[74].

II. MareMaTH4eCKO MoAeIMpaHe HAa MapaMeTpUTe HAa YOBEWIKOTO THIO H
ABHKEHMETO HA YoBeka — myOamkanmu: [45-48], [54-59], [62,63,65], [71], [77-
82], [84-86], [89-91], [93], [96-100].

Ha 0Oaszara Ha 3D mMozieau Ha CErMEHTHTE Ha YOBCIIKOTO TSJIO, HA KOMOMHAILIMSA OT TE3U
CEeTMEHTH W Ha TSUIOTO KaTo IS0, Ype3 METOJUTE Ha MAaTeMaTHYEeCKOTO MOJCIIMpaHe Ha
0a3ara Ha COOCTBEHM aHAIMTUYHU PE3YJITaTH, KAKTO M Ha pa3paboTeHu nmporpaMu Ha 6a3aTa

Ha Mathematica u SolidWorks 3D CAD nporpaMHu nakertu, ca mojay4yeHH peuia MacoBO-

WHEPIMOHHU XapaKTePUCTUKHU

» 3a ChOTBETHHUTE cerMeHTH [46,54,56,58,71,79,80,81];

» 3a TAI0TO Kato eaHo 1suto [45,55,59,62,63,86,89,90,91,93,96,98,99,100] uzbupaiiku
MOJIOKEHUETO Ha TSUIOTO Ja ObJie BB KIACU(PHUIMPAHU M BAXKHU 32 OMOMEXaHWKaTa
no3uruu [47,48], BKIIOYUTETHO W TakuBa chIIacHO kinacupukarmmsra Ha HACA
[65,77,78,84,85] u pa3miexx1aHu MPUHILIUITHO Ba>KHU 3a MPEICKa3BaHE MMOBEICHUETO HA
TSUTOTO B 6€3TerToBHOCT. JIIOOONMUTHO CpaBHEHHUATA HA TAHHUTE 32 CPETHUTE OBJITapCKu
MBke ¢ actponaBture Ha HACA moxka3Bar moOpa Omusoct; 3a xeHn HACA Hsma
JOCTAaThYHO JIAHHU TIOPAJIH JIUTICA HA JJOCTATHYHO Ha OpOi )KEHU aCTPOHABTKH.

» W3cnenBaHe ca M €JIGMEHTH OT IMPOMSIHATA HA TIApaMETPHUTE Ha TSJIOTO B 3aBUCUMOCT OT
BB3pactra [93,96,97,100], mona [54],89, 3aHuManue uiu He cbC criopT [98,99].

» Ot 0coOeH UHTEpeC € MOIeTpaHe He TIOXOAKATa Ha YOBEIIKOTO Tsuio [57,82].



Yact oT Te3u pe3yiTaT Beue Ce M3IMOJI3BAT 3a eKCIEPTU3H B KPUMHUHAIMCTHKATA (B bhirapus
ype3 goroBopu ¢ IIpokyparypara Ha MHCTHTYTa MO MexaHuka) 3a aHAJIU3 HA WHIIMJICHTH.
OnucaHute Mo-ropc Mu3CJICABaHUsA Ca BaXHU U 34 HpO6JIeMI/I CBBpP3aHHU C 6I/IOM€X3HI/IKa Ha
YOBEIIKOTO JBI)KEHHE, €PrOHOMHUATA, pEeXaOWINTALUATA, OPTONEIUATa U TPAaBMATOJIOTHUATA,

CTOpTa, MPOU3BOJICTBO Ha 00JeKIa, 00YBKH M Jpyru. Penuna npyru npuaokeHus ca OMUCaHu
B LIUTHUpAILUTE TyOIUKALINN.



