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PA3PABOTKA AJI'OPUTMOB U ITPOI'PAMMHOI'O
OBECIIEYEHMA ITPU MOJAEJINPOBAHUU
PACITPOCTPAHEHUA ®OTOHOB

C IOMOIIBIO METOJIA MOHTE-KAPJIO
HauyuoHanbHbIl mexHu4eckull yHugepcumem
«XapbK0oBCKUU MOUMEXHUYeCcKUl uHcmumymb»
Cm. I.b. Kronnep
Pyk. npodp. FO.U. 3atiuyes

AKTYyalIbHOCTBh TeMbI HCCICOBAHUS.

B Hacrosimee Bpemst Meron Monrte-Kapio sBiseTcss OCHOBHBIM
METO/IOM pEIICHHUs Pa3HOOOpa3HbIX (PU3MYECKHX 3a7ad, KOrja BEposT-
HOCTHAsl OLIEHKAa 3THX SIBICHUH MO3BOJSIET CMOJEIHUPOBATH OCOOCHHOCTH
MpoIlecca Ha OCHOBE PE3YJIbTATOB HATYpHOTO WJIM YHCICHHOTO JSKCIIEPH-
MeHTa. MozenmpoBaHue pacnpocTpaHeHust (POTOHOB € ITOMOILIBI0 METO/a
Mounte-Kapio - 570 ruOkuii ¥ TOYHBIM MOAXOJ K WMHUTAIUU TOBEACHUS
(hOoTOHOB.

CocTosiHUe U3y4YeHUs POOJIeMBbI.

MonenupoBaHue pacipocTpaHeHHsI (OTOHOB HCIIONB3YETCS IMPH
MIPOEKTUPOBAHNH SACPHBIX PEAKTOPOB, PELICHUH 3a/iad OMOMEINIIMHCKOH
ToMoTrpaduu ¥ BO MHOTHX APYTUX 00NacTsiX OT KBaHTOBOW (hU3UKH 10 DHu-
3MKHU TBEPIOTO TeNa, (PU3UKH IUIA3Mbl M aCTPODUIUKH.

K Hacrosuemy Bpemenu Meron Monrte-Kapio siBiasieTcst MOIHBIM
WHCTPYMEHTOM MPH HCCIEIOBAHNH OOJIBIIOTO KOJIMYECTBA 3a1ad: (usnde-
CKHUX, SKOHOMHUYECKNX, HMHXXEHEPHBIX U Ap. OH 3aBOEBaNl TaKylo MOIYJSIp-
HOCTh B IIEpBYIO ouepenb Onaromapsi CBOSH MpoCTOTE M MPHUCIIOCOOIEHHO-
CTH K PEIICHHIO Pa3HOOOPAa3HBIX 3a/ad.

Meton Monte-Kapno mo3BomseT B MpUHIUIIE MOJEIUPOBATH JIO-
60l mporecc Ha NMPOTEKAaHHE, KOTOPOTO BIIMSIIOT CIIydailHble BEIHMYHHBI
(daxTopsl). A Tak ke AT MHOTHX 3a]ad, HE CBA3aHHBIX CO CIy4alHOCTS-
MU, MOKHO UCKYCCTBEHHO IPHUIYMAaTb BEPOSTHOCTHYIO MOJEIb, IO3BOJIS-
IOLIYIO pelaTh 3aady.

IIpenmer ncciienoBanus.

Iporecc paccestHus ramMma-kBaHTa Ha 31ekTpone (Dddext Kom-
TOHA).

Henbio padoThl gBIsAETCA pa3pabOTKa MaTeMaTHYECKUX MOIETIeH
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U YUCJICHHBIX AJITOPUTMOB HCCICIAOBaHHA IIpoLECCa pPaCCCIHUA TaMma-
KBaHTa Ha AJIEKTPOHE.

3agaum paGoThI.

Pa3paboTka MaremMaTHyeckoil Moaenu paccesHust GOTOHOB, pa3pa-
6OTKa MAaT€MaTHYCCKUX MOﬂeﬂeﬁ, YUCJICHHBIX aJITOPUTMOB U peaiu3alus
pa3paboTaHHBIX ATOPUTMOB.

Hogusna pa6oThl.

Pa3paboTaHbl YHCIICHHBIE aNTOPHUTMBI, PEATH3YIOIINE IPOIECC
MOJICITUPOBAHUS TIEpEHOCA H3ITyICHUS Ha OCHOBE MeToa MoHnTe-Kapio.

Meton MonTe-Kapio - 310 MeToa cTaTHCTUYECKUX HCIBITaHUI U,
MO3TOMY, TpeOyeTcsi 3HaYMTENbHOE BPEMsI BBIYUCICHUN JUIS JOCTHIKEHUS
HeoOxo Mol TouHocTH. Kpome Toro, MosienupoBanue mo Meroay MoHTe-
Kapmo mo3BomseT yYUTHIBaTh HECKOJIBKO (PH3MUYECKHX BEIMYHH OJHOBpE-
MEHHO C JIFOOBIM TPOCTPAHCTBEHHBHIM M BPEMEHHBIM pa3pemicHHeM. JTa
ruOkocTh penaer Meron MonTe-Kapiao MommubM HHCTpyMeHTOM. Takum
obpazom, meronsl Monrte-Kapiio TpeOyroT MHOTO BpeMeHH Ul BBIUHCIIE-
HUH, HO OOBIYHO CUMTAIOTCS CTAaHAAPTOM MOJIEIHPOBaHUsS MOBEIACHUS (o-
TOHOB.

Cyts pemeHust ¢u3MUecKuxX 3amad Meromom Monrte-Kapmo 3a-
KIIIO4aeTCsl B CIEAYIOILEM:

o  Ou3NUYECKOMY SIBJICHHIO WM ONHCHIBAIONINM €r0 YPaBHEHHSAM CO-
MOCTaBJIACTCS MMHTHPYIOIINI BEPOSITHOCTHEIH MPOIIECC.

e BennuuHam, SBISAIOMIMMCS DPEIICHHEM 3aJadH, COMOCTaBIISIOTCS
MaTeMaTHYeCKNEe OXKHUIAHWUS CIyIaifHBIX BEIIMYHH BEPOSITHOCTHO-
o Ipolecca.

e Ha ocHoBe cnenmuaJbHOIO aNrOpuTMa ICEBAOCITYYaHHBIX YHMCEN
MIPOM3BOINTCS pacyeT peamu3aliii CIydailHbIX BEIHMYMH HMHTH-
PYIOIIEro mporiecca U perieHrne (BMecTe Co CTaHAapTHOM Imorpent-
HOCTBIO) HaXOAWUTCS B BHJE CPEIHUX 3HAUEHHH, COOTBETCTBYIO-
NIUX MaTEMATUYCCKUM OXXUAAHUSIM.

Jlis Moy sImuy MpoIiecca paccessHisl rTaMMa-KBaHTa Ha AJIEKTPOHE
UCTIONB3yeTcs pa3noxenne batnepa. [uddepeHnnansaoe cedeHne TaHHO-
To Tporecca onuckBaetes hopmynoit Kietina-Hummiae!.

BrIBOABDI.

Ananu3 3apyOeXHBIX U OT€YECTBEHHBIX HAYYHO-TEXHHYECKHX HC-
TOYHHUKOB IIOKa3aJl, 4YTO ICPCICKTHUBBI MECTO/a MOHTG-KapHO IIOUCTHUHE
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663FpaHI/I‘-IHI)I I MOJCINPOBAHUA (I)I/ISI/I‘{CCKI/IX IIPOUECCOB B YCIOBUAX
HeloCcTaTKa MHPOPMALIUHU O IPHPOIe (PU3MUECKOTO SIBICHUS.

OCHOBHBIM HEHOCTATKOM AHAINTHYECKUX MOJEJIEH sBiIseTcs TO,
YTO OHU HEM30EKHO TPEOYIOT KaKMX-TO JOMYLICHUH, B YACTHOCTH, O «Map-
KOBOCTH» ITpolecca.

IIpreMsIeMOCTh 3TUX IOMYIICHUN TaJeKO HE BCEr/a MOXKET OBbITh
OlleHEHAa 0€3 KOHTPOJIBHBIX PAaCUETOB, a TPOU3BOIATCS OHH METOAOM MOH-
te-Kapio. O6pasHo roops, merox MonTte-Kapio B 3amadax mucciae10BaHAS
omeparii urpaer poib csoeodpasHoro OTK. Cratuctudyeckue Moaenu He
TpeOyIOT Cephe3HbIX JOMYIIEHUH U yIpolleHuid. B npunnune, B cratucTu-
YEeCKYI0 MOJIENb (JIE3€T» UTO YrOoJHO — JIFOOBIC 3aKOHBI pacHpeleseHus,
J1100ast CJI0JKHOCTh CHCTEMBI, MHOXKECTBEHHOCTb €€ COCTOSHUMN. [ JaBHBII
K€ HEZOCTATOK CTATUCTUIECKUX MOJEIEH — MX IPOMO3JIKOCTh B TPYJAOEM-
KocTh. OIrpOMHOE YHCIIO pean3alliy, HEOOX0AMMOE JUTl HaXOXKJICHUS HC-
KOMBIX ITapaMeTPOB C IMPUEMIIEMON TOYHOCTBIO, TpeOyeT OOJIBIIOTO pacxo-
Jla MalluHHOTO BpeMeHH. Kpome Toro, pe3ynbTaTbl CTAaTUCTHUYECKOI'O MO-
JISTUPOBAHUS TOpa3fo TPyIHEE OCMBICIHUTH, UM PACUETHl M0 aHAIUTHYE-
CKUM MOJENISIM, M COOTBETCTBEHHO TPYAHEE ONTUMH3HPOBATH PELICHUE
(ero MpUXOIUTCS «HALIYNBIBATEY BCIEIYIO).

Meton MonTte-Kapno sBasieTcss yHUBEpCalnbHBIM METOIOM pelle-
HUsI OOJIBLIIOTO YHMCIa MaTeMaTHYeCKHX W HAydyHO-NPAKTHYECKUX 3aj1ad 1
Mo/ipa3yMeBaeT IeHepaltio MACCUBOB ICEBAOCIYJalHBIX YHCEN Y, PaBHO-
MEpHO paclpeeNieHHbIX B nHTepBaie oT 0 10 1, ¢ mocienyomumM u3MeHe-
HHEM 3aKOHA HMX PaclpeielICHUs, MPUIeM HOBBIH 3aKOH JOJDKEH OIHCHI-
BaTh MOJIeNpyeMoe (PU3NIECKOe SBIICHHUE.

Jlumepamypa:

1. Asugpees B. B. / Merog Monre-Kapio B ¢u3nke 35eMeHTapHBIX 4a-
cThll. - Y4eOHas nmporpaMma crenkypcea, 'omens 2005. — 74 c.

2. Cobonp .M. /Merox Mowure-Kapio // TTomynsipHble JTEKIKH IO MaTe-
Maruke. — M.: Hayka, 1968. — Beim. 46. — 64 c.

3. Casenbes 1.B. / Kypc obuieit pusuku. — T. III: Onruka, atomHast ¢u-
3WKa, (pU3NKa aTOMHOTO /pa | dJIeMeHTapHbIX dacTull. — M.: Hayka. I'n. pen. ¢us.-
mar. jmt., 1970. — 537 c.

4. @.C. Pyxun. OCHOBBI TEXHOJIOTHH MMHUTAI[IOHHOTO MOJICIHPOBAHHUS -
3-e u3n., mepepad. u gom. - M.: DUBMATIIUT, 2010. - 760 c.

5. U.M. T'o6one / Merox Monte-Kapno», MockBa «Hayka», 2010. —
461c.
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OKPEMI ACIIEKTH PO3POBKHU CUCTEMH
PAJIOYACTOTHOI'O MOHITOPHUHIY

HA BA3I TEXHOJIOT'II SDR
XapkiscbKuli 2i0pomMemeoposio2idHUltl MmexHIiKym
Odecbko20 OepxasHO20 eKoro2iyHo20 yHisepcumemy
Cm.: M.M. 3adopoxHsi, C.A. Cyxopykoe
Kep.: O.A. lNe4yeHeeckka, O.F0. Pi3HU4YeHKO

Panmiowacrorauii pecypc (PUP) e crpareriunuM pecypcom Jepika-
Bu. [ligBuiieHHs €()EKTUBHOCTI OT0 BUKOPUCTAHHS CIIPSIMOBAHE Ha BIIPO-
Ba/KCHHS y JiepKaBl HOBHMX Ta IOIIMPEHHS 3aCTOCYBaHHS HAasABHUX paJio-
TEXHOJIOT1H, 3a0€e3I1eYeHHs] HaCeJIEHHS HOBITHIMH, JOCKOHAMIIINMHU BUIAMHI
Ta MOCIYTaMH 3B SI3KY.

OcranHe 0a3yeTbesi, 3 0HOTO OOKY, Ha YJOCKOHAJIIEHHI PO3IOIIUTY
HasiBHOTO Pajiou4acTOTHOTO PECypcy MDK pPajiOTEeXHOJIOTISIMHM, BHIaMHU M
CHUCTEMaMH 3B’SI3Ky Ta MiJBHIIEHHI IKOCTI YaCTOTOIPHUCBOEHD, 3 IHIIIOTO —
Ha KOHTPOJI AOTPUMAaHHS iCHYIOUMMH KOPHCTYyBadaMH TOPSAKY i MPaBHI
HOTO BUKOPUCTAHHS, YMOB HaJaHUX JILEH3IH 1 JO3BOJIB Ha SKCILTyaTaIlifo
pamioenekrpoHHHX 3ac00iB (PE3) 1 BunpomintoBansaux npuctpois (BII).

[opymieHHs1 BCTAaHOBJIEHUX NPaBHJI KOPUCTYBaHHS 1 yMOB HaJJaHUX
JTO3BUTLHUX JTOKYMCHTIB 4acTO MPHU3BOJMTH JO MOSBHU IIKIUIUBUX 200 He-
NpUIyCTUMHX 3aBaj iHmUM PE3, moripiieHHs SKOCTi MOCIyr 3B’s3Ky, Ha-
BiTh JI0 TIepepHBaHHS CeaHCiB 3B’s3Ky. ToMy 3abe3medeHHsT epeKTHBHOTO
¢byHKIiOHYBaHHS cepr TeIeKOMYHIKaIiil Ha MOYATKy TUCSYONITTS IMOTpe-
OyBayIo MiABUIIEHHS €EKTUBHOCTI PETYIIOBAaHHS BUKOPHUCTAHHS pajiodac-
TOTHOTO PECYpPCY, 30KpeMa 3aBJSIKH BIPOBA/KEHHIO €()eKTHBHOTO IHCTPY-
MEHTapIl0 KOHTPOJIIO CTaHy HOTO BUKOPUCTAHHSL.

s MaitOyTHIX (haxiBIIiB y ray3i pamio3B’s3Ky, paJiOMOBICHHS Ta
Tene0adeHHS BaXXIIMBUM € BMIHHS BUMIPIOBATH OCHOBHI IapaMeTpH BY3IIiB
pazionepenaBalbHUX Ta pafioNpUHMAaIbHUX CHCTEM.

ToMy po3poOKa eKcliepUMEHTAIBHOT YCTAaHOBKH JUIS PalioMOHITO-
PHHTY € aKTyaJIbHUM 3aBJaHHIM Y MEXKaxX yJIOCKOHAJICHHSI OCBITHBOTO ITPO-
necy y XapKiBCbKOMY TiIpOMETEeOPOJOTIHHOMY TexHiKyMi OllecbKoro nep-
JKaBHOT'O €KOJIOTIYHOTO YHIBEPCHUTETY.

Y SKOCTI TEXHOJIOTIi aHaJi3y PagioYacTOTHOTO Jiana3oHy Oyia BU-
Kopucrana TexHoJoris SDR.
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30BHIIIHS aHTEHHA CHCTEMa IMEPETBOPIOE €JIEKTPOMArHITHI XBHIII
Ha eNeKTPUYHI CUTHAIIM BUCOKOT YaCTOTH.

[pwuiimMau 37ificHIOE TIEpBUHHY OOpPOOKY CHTHANB Ha TJi IIYMiB.
OcraTtouny 00poOKy, — 110 BKJIIOYAE MOIIYK CUTHAITY, HOTO HOpMali3alilo
Ta NpPEACTaBIEeHHS y 3py4Hiil rpadiunii ¢opmi iHpopmarlii, — 3xilicHIOE
ITEOM i3 3a3manerias BCTAHOBJICHHUM CICHIAIbHUM MPOTPaMHUM 3a0e3re-
YEHHSIM.

Y 3a5Ie)XHOCTI Bil IPOTPaMHOTO 3a0e3MeUeHHs 3a TOTIOMOTOI0 €K-
CHEPUMEHTAIFHOI YCTAHOBKM MOYKHA JIOCIIIJUKYBAaTH BJIACTUBOCTI pi3HOMa-
HITHUX CUTHAJIIB y AiarazoHi go 2 I'T.

HaBenemo mpuknan aHamizy 4acTOTHOTO Miaria3oHy BHIIPOMIHIO-
BaHHS, 1110 CTBOPIOETHCS 0a30BUMHU CTAHIIISIMH CTUIBHUKOBOTO 3B’SI3KY.

1 RIDSP GSM scanner = | B il

[RmsorRE20T0 v [esMon0 ] (v ~] | B @]

Puc.1 — AHaniz BUIPOMIHIOBaHHSI,
10 CTBOPIOETHCS Oa30BUMH CTAHIISIMH CTUTBHHKOBOTO 3B SI3KY

Cnucok nimepamypu:
1. 'ratayk M.M. Ilpucrpoi npuiiMarHs Ta 00poOKu curHaiiB. KoHcmekT
JIeKIif 3 AuCHMIUTiHE “MeTroau mpuiiMaHHs Ta 0OpOOKH CHTHAJIB” IS CTYACHTIB
6azoBoro Hampsmy 6.0907 “Pamiorexnika”. — JIpBiB: BumaBaunTBo HarionansHoro
yHiBepcurery “JIbBiBchKa momitexHika”, 2007. — 164 c.
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APXUMEJIOBbI MOCTHBI
XapbKoscKuli HayuoHarnbHbIlU yHUgepcumem um. B.H. KapasuHa
HauuoHanbHbil mexHudeckul yHusepcumem « X[ » 2
cm.: []. flonzononoea’, C. MupoxeHko", A. I'lanyuﬂl,
K. ﬂpydkaﬂl, C. ®unamos', W. HaaopHm(z, b. Kysteroz,
A. SlpoweHko”

Pyk.: dou. A.P. Kazaukos', npogp. E.C. ChipKuH’,

douy. P.C. Tomaweeckuii’

1

B OorareiieM Hay4HO-TEXHHYECKOM HAaClIeUM T'€HUS aHTHYHO-
cTH ApxuMmena OCOOHSIKOM CTOUT OTKPBITOE MM IpaBWiIO pbluara. He ma-
poM, chopMyIHpOBaB €ro, ApXuMes He OrpaHUYUIICS SMOLMOHAIBHBIM, HO
HEe KOHKPETHBIM «JBpHKa!» (Hamren!), a BEICKa3alics 0ojee onmpeneseHHo u
aMOHIIO3HO: «/laliTe MHE TOUYKY OMOPBI — U 5 IEPEBEPHY 3EMITION.

(i\, Give Me¢ A LeVER
o Q& AND A PLALS TO
R : STAND...

k3!
g

Puc. 1. [TaiiTe MHE TOUKY OTIOPHI — U 51 TIEPEBEPHY 3EMITIO...

Byny4n onHuM U3 Haubolee pacpoCTpaHEHHbIX nPOCHeutiux me-
xanuzmos (Simple machines), ppruary mupovaiinmm o6pa3oM UCHONB3YIOT-
sl KaK HEIMOCPEICTBEHHO, TaK M B COCTaBe 0oJiee CIIOKHBIX YCTpoicTB. [Ipu
BBITIOJTHCHU N pa6OTI)I OHH, KaK IIpaBUJIO, MO3BOJIAIOT MOJYYUTH BBIUTPHIII
B cuJie (3a CUET MPOUTPHIIIA B IEPEMEIICHUN ).

B cratuke rpaMOoTHOE NMpPUMEHEHHE INpaBHJa pblYara JaeT BO3-
MOJKHOCTh HaJIe’)KHO YPaBHOBECHUTH TeJla, CYIIECTBEHHO OTJIMYAIOIIUECS I10
Becy. TUNMYHAas CUTyalusi Takoro poja IpuBeieHa B COOpHHKE 3aiad
B.H.Jlanre ([1], 3amaua 38). UToObI nepeiiT Ha MPOTUBOIIOIOKHBIE Oepera
pyubs, peOCHOK U B3POCIBII MCHONB3YIOT JOCKH OAMHAKOBOW IUIMHBI, HO
KOpOYe pacCTOSIHUS MEXIy Oeperamu, CTpos KOHCTPYKIHIO, B KOTOPOH
OHH CaMHM TMOOYEPEHO SBIAIOTCS mpoThBoBecamu (Puc.2). BozmoxxHOCTD
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TAaKOT'O PCIICHUA U OI'paHUYCHHA Ha HETO o0ecreynBarTCsI IMpaBUJIOM pPbI-
gara Apxumesna.

Puc. 2. Ilepexon uepe3 pydeit ¢ HOMOIIBIO JOCOK KOPOUE €ro NIMPHHBI [1].

Hamu ObliM feTanbHO MCCIIEAOBaHBI aHAIOTUYHBIE MOCTOBBIC
CHCTEeMBl M3 JIOCOK OJMHaKoBOM miauHbl L, 0e3 wucnons3oBaHus
JIOTIOJTHUTENBHBIX NMPOTHUBOBECOB. IIpocTeiimas KOHCTPYKIHS HpPUBEICHA
Ha BepxHed wactm Puc.3. IlpaBmino pergara TO3BOIISIET HAWTH
MaKCHMAaJIbHYIO IINPUHY SIMBI, TIEpeKpbIBacMoil TakuM Moctom: 4/3L. Ipn
HQIMYUM eIle JBYX JMAOCOK OTOT pe3yabTaT HE CIO0XKHO YIy4IlUTh,
UCTOJNB3ysd HMX B KauecTBe NpoTHBOBecoB. Cxema Ha HKHeMm Puc.3.
YBEIMYMBAaET BO3MOXKHYIO MIMpUHY saMbl 1o 10/7L, a wHauboinee
palMOHAIBHOE PAcCIIONIOKEHNE IPOTHBOBECHBIX JIOCOK JaeT pe3ynbTaTr
12/7L. OpmHako mOMOOHBIE MOCTBI HE TOAATCSA VIS TIEPEXOJOB W MOTYT
UCIIOJIb30BATHCSl pa3Be UTO B «IPAKTHYECKUX LIYTKAaX» WM B KadeCTBE
OXOTHHUYBUX JIOBYIIIEK.

Puc. 3. HpOCTeﬁHIPIe MOCTBI U3 ABYX U YCTBIPEX OJUHAKOBLIX JOCOK.

Mexy TeM, U3 4eThIpeX TOCOK MOYXHO MOCTPOUTH HaJeKHEHIIue
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MOCTBI, HE HCIOJB3YIOIINE TBO3ACH M APYyroro kpemexa. Cxema Takoro
«MocTa Apxmumena», OCHOBAHHOTO Ha IIpaBWJIE phIdara, HpWBeACHA Ha
Puc.4.

Puc. 4. Moct ApxumMena u3 4 10COK 1 KOMIIEHCATOPOB MX TOJIINHBI.

IlepepacnpeneneHue Beca BEPXHUX JIOCOK U JIOMOJIHUTEIHHOM
Harpy3kd (TEmIexXosl Ha MOCTY) OCYIIECTBISIETCS 34ECh TaKUM 00pa3zoM,
YTO MOCT OCTAeTCs B PABHOBECHHU B IIMPOKOM [HANA30HE BEIMYHH a H D.
Bruto mokazaHo, YTO MaKCHMallbHAs HIMpPHUHA TaKOTO0 HE HArpy)KEHHOTO
Mocta paBHa L+a=L(1+0.348), a HarpyxeHHOTO (B MPEHCOPCIKCHIH BECOM
nmocok) 4/3 L. Urparorias KIIOYEBYIO POJIb B TIEpEpaCIpE/ICIICHUH Beca Tpe-
Thsl CHH3Y JIOCKAa MOXeT ObITh BBIJBHHYTA B JHana3oHe, YKa3aHHOM Ha
rpaduke (Puc.5).

15 1 b/L, a.u.

Q.35

05 -

15

Puc. 5. /lnana3oHsl mapamMeTpoB, P KOTOPBIX MOCTHI ApXuMena
YCTOWYHMBBI (CIUTOIIHAS JIMHUS JUIS HE HAarpyXEHHOT'0, ITYHKTHUP IS
Harpy»xeHHOTO0).

Pacuersl mpoekTa CONpOBOKAANNCH CTPOUTEIBHBIMU SKCIIEPHUME-
HTaMH, HaXOJWBIIMMHUCS B IPEKPAacHOM cooTBeTcTBHHU. Ilepepacmpenene-
HHE Beca Harpy3Kn MEXIY JOCKaMH OyJeT U3MEpPEHO C MOMOIIBIO TeH30/1a-
TYHKOB.

1. B.H.JTanre. DkcrniepuMeHTaibHble (PU3MYEcKre 3a1a4n Ha cMekanky. M. Hayka, 1974, 96 c.
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INPUMEHEHMUE IIVIAT®OPMbI ARDUINO

B ®PU3NYECKOM IIPAKTUKYME
HauyuoHarnbHbIl mexHudeckul yHusepcumem
«XapbKogcKul rnonumexHu4deckul UHcmumyms
Cm.: A. SlpoweHko, B. [leHuw,eHkKo.
Pyk.: douy. A.H. AHOpeee, douy. O.H. AHOpeeesa

W3 Bcero MHOroo0Opasusi MUKPOKOHTPOJUIEPHBIX YCTPOUCTB, MPe/i-
CTABJICHHBIX B HACTOAIIEe BpeMs Ha PBIHKE, BBIIEISETCS MPOTrPaMMHO-
armapatHas wiatdopma Arduino [1], oOCHOBHBIMH NMPEUMYIIECTBAMU KOTO-
pOH SIBIISIOTCS: NPOCTOTa OCBOEHMS, «OTKPBITOCTHY», KPOCCILIAT(OPMEH-
HOCTb, LIeHa U MHUHHUMaJbHbIE TPeOOBaHUS K HAJMYHMIO JOTIOJHUTEIBHBIX
anemMeHToB. KpoMe Toro s JaHHOH 1aTopMbl CyIIECTBYET OTPOMHOE
KOJIMYECTBO HEIOPOTHX NAaTYMKOB [2, 3]: BIAKHOCTH, TEMIIEpPaTyphl, JAaB-
JIeHUs, TPUOIVDKEHNS, MAarHUTHOTO T0JIs, OCBEICHHOCTH, TOKa, aKceJepo-
METpBI, THPOCKONBI W Pa3iIMYHBIX JOMOJHUTENBHBIX Moxyseit: Bluetooth,
Wi-Fi, Ethernet u paguo moaynu, uudpo-ananorossie (LJAIT) u aHasoroso-
nudpossie (ALIT) npeodpazoBarenu ¢ OosbiinM paspemenuem, LCD u
TFT sxpansl, Ja3epHbIC U YIbTPa3BYKOBBIE MOJIYJIH, [IIArOBBIE IBUTATEIH U
CEepPBOIPHUBOJBI, a TaK K€ MOIYJIH Ul yIpaBJIeHHs MOLIHOW HArpy3koi Ha
ocHoBe pese u MOII TpaH3uCcTOpOB.

Arduino — sTo miaTa, coaepkaiias MUKPOKOHTPOJUIEp, HHTEpeii-
CBl BBOJIa-BBIBOJIa MH(OPMaIMK U NpeoOpa3oBareny curHaios. [Iporpam-
MHUpPOBaHUE MUKPOKOHTpOJUIEpa OCyllecTBiseTcs uepe3 nnrepdeiic USB B
cpene paspabotku Arduino IDE c¢ ucmomb3oBanue si3pika Processing, mo-
xoxero mo cuHTakcucy Ha C++ wm C#. CymiecTByeT MHOXKECTBO BepcHi
Arduino — Mega, Uno, Leonardo, Nano, Pro Mini, Micro, Duemilanove,
Diecimila, Due [2, 4].

B nanHO# paboTe 00CyKAal0TCs BO3MOXKHOCTH matdopm Arduino
Uno, Nano u Pro Mini ¢ mukpokorTposuiepom ATmega 328P u ux UCIOJIb-
30BaHUS UL CO3IAHUS PA3IMYHBIX JTAOOPATOPHBIX YCTAaHOBOK IO (pU3HKE.
[Tmater Arduino comepxar 14 mudpoBBHIX BXOJOB/BBIXOI0B, 6 M3 KOTOPHIX
NOJJCPKUBAIOT LIMPOTHO-UMITYNIbCHYIO Monyisiuuio (IHHUM), 6 (UNO)
i 8 (Nano, Pro Mini) aHanoroBsix BX0J0B, MAKCHMaIbHAsI TAKTOBAs Ya-
cTOoTa MHKpOKOHTposuiepa 16 MI'm, 32 K6alT (rem-maMatd KOMaHI U
2 Kbaiir SRAM-namsTi  JaHHBIX. [IOAKIIOYEHHE K KOMIIBIOTEPY OCY-
miecTBisieTcs ¢ momombio muHE USB Hanpsamyto mist orat UNO u Nano, a
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it Pro Mini — meo6xomumo ucnonszoBare USB-UART mpeoGpaszoBaTesib.
OtnnunrenbHoi ocobeHnoctbio Nano u Pro Mini siBiiseTcst BO3MOKHOCTh
X HENOCPEJACTBEHHOrO0 MOHTaXa B OCCHACYHYI0 MAKETHYIO I[UIATY —
breadboard.

B paboTe mpencTaBiieHbl BO3MOXKHOCTH HCIOJIb30BaHus Arduino
JUISl KOHKPETHBIX (M3MYECKUX 3aj1a4, a UMEHHO omnpezaeneHus koddhuiu-
€HTa MyJbCAllMd MCKYCCTBEHHBIX MCTOYHUKOB CBETA U TPALyHPOBKH Tep-
MOpPE3UCTOPA.

OnpedeneHue KoaghgpuyueHma nynbcayuli UcMoYHUKO8 ceema.

OjHUM M3 Ka4eCTBEHHBIX MMOKA3aTeliei MCKYCCTBEHHBIX MCTOYHU-
KOB CBeTa SIBJIAETCS KOA(MPUIUEHT myinbcaluii ocBemeHHoctH. OH Tpen-
cTaBisieT co0Ol OTHOCHUTENBHYIO TIIyOMHY KOJIEOAHHWH OCBEIIEHHOCTH B
OCBETHTENLHOW YCTAaHOBKE B Pe3yJbTaTe M3MEHEHUS BO BPEMEHH CBETOBO-
ro MOTOKA UCTOYHHKOB CBETA MPH UX MUTAHUU TIEPEMEHHBIM TOKOM [5]:
K, = M.mo% : (1)
2(E)
e Emaxs Emin — MakcuManbHOE U MHUHUMAaJbHOE 3HAYEHHE OCBELICHHOCTH
3a Bpems usmepenns ty; (E) - cpennee snauenue ocsemennoctu E(t):

<E>:%TE(t)dt- )

[TockonbKy IMyIbCAIIMU CBETOBOTO MOTOKA OKA3bIBAIOT HETATUBHOE
BO3/€HCTBHE Ha pabOTOCHOCOOHOCTh M 3/I0POBBE UENIOBEKA, TO CAaHHUTap-
Hble HOpMBI 1 ipaBuia (CHUII) pernamentupyroT TpeGOBaHMs K HCTOYHH-
KaM CBETa B Pa3IMYHBIX JKHUIBIX momereHusx [6]. Jliast usmepenus Kodd-
¢uIeHTa MyIbcaiy IPUMEHSIETCS JOPOTOCTOSIINE CIIENHANIbHbBIE TPHOO0-
PBI: paINOMETPHI WIH ITYJIBCOMETPHI-TIOKCMETPHI. Taroke MyIbCcaliuio CBeTa
MOXXHO OIIPEIENUTh C MOMOIIBID (PoTOKaMepsl WK ocuuwuiorpadgom, K
KOTOPOMY IOJIKIIIOYEH (OTOMPUEMHUK.

s onpeneneHus ko3dduitMeHTa mMynbCcallii U OCBEHICHHOCTH
Pa3sITUYHBIX UCKYCCTBEHHBIX HCTOYHHKOB CBETAa B paboTe Oblia pa3padoTan
mpubop, cxema KOTOpoTo mIpezacraBieHa Ha puc.l. Tox ¢oroanona, pado-
TAIOMIETO B (JOTOTANEBAHUYIECKOM pPEXKHME, YCHIMBACTCS W TIpeodpasyercs
B HaIpsDKEHHE C OMOIIBIO ONEPAIIMOHHOTO YCHIIUTEINS, C BBIXOJIa KOTOPO-
ro CHIHAN MOCTYMaeT Ha aHanoroBeid Bxona Arduin0o u ucmonb3yercs mjs
onpeneneHuss Ko3(UIKMEeHTa MyJIbCallM CBETOBOr0 HCTOYHMKA. OnHO-
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BPEMEHHO, JJaHHbIE 00 OCBEIICEHHOCTH B BUAMMOM M uH(ppakpacHoM (UK)
cBete ¢ mudposoro marumka TSL - 2561 mocrymator Ha Arduino, UCTIOIE-
3ysl MPOTOKON OOMEHa 1°C (TWI). [Ipu BxmroueHuu mpudopa Ha TFT
9KpaHe BBIBOAUTCS WHpOpMaus (peXMM HM3MEpEHHH): OCBEIIEHHOCTH B
JIFOKCaX, OTHOLIEHHE OCBEIIEHHOCTH B BUAWMOM CBETE K OCBEILEHHOCTH B
UK nuama3zoHe, yactoTa OIU(PPOBKK cHrHajia (GOoToanoaa, KOIDGUIMESHT
MyJIbCAlUH, MAaKCUMAIbHOE ¥ MHHUMAIbHOE 3HAYCHHE CHUTHaia (OTOAMO-
na. YIIpaBJieHUE OCYIIECTBIISETCS ¢ IOMOIIBI0 HHKPEMEHTAIBHOTO SHKO/1e-
pa 3ameHsrorero coboi Tpu KHONKH. Bpaimas sHKoJep MOXXHO HU3MEHSThH
YacTOTy IUCKpeTH3alMu curHaia ¢oromuona B mpepenax ot 10 I'm go
8,9 xI['it 1 yucimo peanusaiuii ot 1 1o 100 B cTaTHcTHUECKOM aHcaMOIIe, Mo
KOTOPBIM yCpeHseTcsl KO3((QUIMEHT Iy Ibcauid (yCpeaqHeHne 0 MHOXKe-
CTBY).

TFT akpan SD xapra
A
Hcrounuk Y
OIOPHOT O Arduino
HAMPOKEHHA
1]
HKosIEp Haruuk OmnepallHOHHEIH
OCBEIIEHHOCTH YCHIIUTEND
doTtoauon

Puc. 1. ®yakunoHanpHas cxema Ipuoopa s ONpeaesieHIsI HEKOTOPBIX
XapaKTePUCTHK HMCKYCCTBEHHBIX HCTOYHHUKOB CBETA.

BriOop n3MeHsieMOl BENMYUHBI OCYLIECTBIISICTCS JUIMTEIHHBIM
(bonee 2 cexyHn) HaxkaTuem Ha 3HKoJzep. KopoTkoe Hakatue Ha KHOIKY
9HKOJIEpa MEepeKiIoYaeT PeXXUM BbIBOJA WHPOpMAlMK Ha dKpaH. [lepBblii
PEXUM BBIBOJIA - PEXKUM MU3MEPEHUM, OTTMCAHHBIN BBIIIE U BTOPOU — BBIBOJ]
curHana Gotoamona (ocumwmiorpamma). s Gornee TOYHOW OMHPPOBKU
a”HasioroBoro cursaiga Ha Bxoa AREF Arduino momaercs 3TalloHHOE
HalpspKeHWE OT IIePecTpanBacMOro HMCTOYHHKA OIOPHOTO HAarpsDKeHUS,
peanu3oBaHHOTO Ha MHKpocxeme TL431. Tak sxe k Arduin0 moakiroueH
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Moxynb ¢ SD kapToil mamsTH, MO3BOJISIONICH COXPaHSATh 3HAYCHHUSI OCBE-
IICHHOCTH W CHUTHajla (OTOIMOMa B TEKCTOBBIN (aiin (Uit mampHEUIIero
aHanmm3a Ha KoMnbioTepe). TFT skpaH u kapTra mamsatu «oOrmarorces» ¢ Ar-
duino mo nocnenoBarensHOMY Tiepudepuitnomy unTepdeiicy (SPI).

B Tabmuue 1 npeacraBineHbl KO3(GUIMEHTH! MyIbCALMU PA3JIHY-
HBIX UCKYCCTBEHHBIX MCTOYHUKOB CBETA, ONPEICICHHbIE C MOMOIIBIO pa3-
pabotanHoro mpubopa — K;; ¥ u3MepeHHbIe (POTOANOIOM, TOIKIIOUEHHBIM
K ocuumnorpady — Ky gn)- Ilpu onpenenenun K ¢ pacyeT CpeJiHEro 3Ha-

HCHHUS BBIMOJIHAICS 110 YIPOUICHHO# dopmyrne: (E) = M, cripaBe]-
2
JIMBOM JUIsl CUTHAJIOB OJM3KHX 10 (hOpME K TApMOHHYECKUM.
Ta6muma 1.
KoaddunueHTs! mynbcannu pa3inuHbIX HCTOYHHKOB HCKYCCTBEHHOTO
cBeTa.
HcTouHuK- | Hakamu- | JHEBHO- JIFOMHHUC- CBETO/NO/I-
Jamrna BaHHS ro ceera | medTHas (SM) Has
Ky, % 8 34 19 10
Kum, %0 9 36 25 9

W3 Tabn. 1 BugHO, 9TO 3HaYCHUS KOA(DOHUIIMEHTOB MYIIbCAIUH, U3-
MEpPEHHBIC PA3IUYHBIMH CIOCO0aMU, Ui OOJBIIMHCTBA MPEICTABICHHBIX
UCTOYHMKOB CBeTa coBnanarot. Orimune K u K (¢ 18 TIOMUHECLEHTHOH
JIaMTIBI, BO3MOKHO, BBI3BAaHO MPUCYTCTBUEM B CHTHAJIE BHICOKOYACTOTHBIX
COCTABJISIFOIINX ¥ CYIIECTBEHHBIM OTINYHEM (POPMBI CHTHANIA OT TapMOHHU-
YECKOM.

lpadyupoeka mepmopesucmopa ¢ noMowbio anemeHma lenbsmee.

Tepmope3nucTopsl TPEACTaBIAIOT COOOH  MOJYIPOBOJTHUKOBBIC
NPUOOPBI, AIEKTPOCONIPOTHBICHUE KOTOPBIX CHIBHO 3aBUCHUT OT TEMIIepa-
Typsl. OHM HaXOIAT LIMPOKOE NPUMEHEHHE B CXeMax TePMOCTAOUIH3aLIH
ANEKTPUYECKUX ITapaMETPOB CXEMBI, B IyCKOBBIX Pelie W pelie BpEMEHH, B
cHcTeMax M3MEPEHHUS W KOHTPOJS MOIIHOCTH, CHCTEMax TEIUIOBOTO KOH-
TPOJISL ¥ TTO’KAPHOW CUTHAIM3AIIH.

YroObl UCMONIB30BaTh TEPMOPE3UCTOP B KAYECTBE AHAIOTOBOIO
TepMoMeTpa HEOOXOJMMO BBITIOIHHUTH €r0 TPaayHpoBKy. B pabore Obumm
MPOBEACHBI HCCICIOBAHUS TEPMOPE3UCTOPa C OTPULATEIBHBIM TeMIlepa-
TypusiM kodddummenrom compotusienus (NTC). 3aBucumocTs ero co-
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npoTtuBneHus R ot temmeparypsl T onpenensercs ypapHeHneM CtelHxap-
Ta — Xapra [7]:

_Il_:A+BInR+CIn3R, 3)

rae A, B, C — k03 ummenTs, 3aBucAIie OT TapaMeTPOB TEPMOPE3UCTOPA
W JIMara3oHa TEMIIEpaTyp, B KOTOPOM 3TO ypaBHEHHE AAET JIOCTaTOYHYIO
JUISl TIPAKTUYECKOT'0 NPUMEHEHHSI TOYHOCTb.

Jnst SKCIIepUMEHTAIbHOTO OTpeiesieHns: Kod(duiMeHToB, BXO-
Iamux B ypaBHeHue (3) Oputa paspaboTaHa ycTaHOBKA, (YHKIIMOHAIbHAS
cXeMa KOTOpoil mpuBeneHa Ha puc. 2. i U3MEHEeHus TeMIeparypsl Tep-
MopesucTopa ucnonb3yercs eMeHT llempthe (TEC1-12706), xoTOpHIH
3aKperuieH C IOMOIIBI0O TEPMOKJIES] Ha aTIOMUHHMEBBIH PajuaTop ¢ BEHTH-
nsropom. [Intanue snemenra [lenbThe OCYLIECTBIISLIIOCH OT MOILIHOTO 0J10-
ka nutaHus Ha 12 B. Ha BepxHioto cropory anemenTa [lenbThe TEpMOKIIE-
€M NPHUKIECHBl HCCIEAYyeMBbI TEPMOPE3UCTOP M LU(PPOBOH TEPMOMETP
(DS18B20), KOTOpBI U3MEPsUT TEMIIEPATYPY TEPMOPE3UCTOPA, M OTIPaB-
qs1 e€ 3Hauenne Ha Arduino mo omgHompoBoaHOMY MHTepdeiicy (1-Wire).
VYupagnenue s5eMeHTOM [lenbThe 0CyIIeCTBIIIOCH C TIOMOLIBIO TTOJIEBOTO
(MOSFET) tpansucropa IRFZ44N Ha 3aTBOp KOTOPOTO IOJAETCS YIPaB-
nsromee HanpspkeHue ¢ LJAIT MCP 4725. Hanpsokenne Ha Beixone LIAIL
perymupyercst wiatoit Arduin0, HCmosb3ysl HOCIEAOBATENBHBIN IPOTOKOI
oOMeHa JaHHBIMU (IZC).

OnuH BBIBOJ TEPMOPE3UCTOPA MOJIKIIOYEH K OOIIeMy IPOBOJIY
(3emnie), a BTopo# uepe3 conmportuBieHue 10 kKOM K HanpsHKEHUIO MTUTAHUS
(+5 B). Hampsbkenue ¢ TepMOpPE3UCTOpa MOCTYMAET HA AHAIIOTOBBIA BXO[
Arduino u manee BBITIOIHSIICSA pacyeT COMPOTHBIICHHSL.

Ha xwunkokpucrammmueckuii 3kpan (LCD1602) BeBOgmTCS WH-
(dopmManus: Temmneparypa, CONpOTHBICHHE TEPMOPE3NCTOPA, U YIPABIISIO-
ee Hampspkenue Ha Bbixoge L[AIN. Dkpan moakmoueH k mare Arduino
gepes 1°C MoJyIb, UTO TO3BOMSET «COKOHOMHTE» IOPTHI BBOA-BBIBOA
MHUKPOKOHTpOJUIEpA. YTIPaBICHWE YCTAHOBKOW IPOHUCXOIUT C IOMOIIBIO
TPEX TaKTOBBIX KHOIIOK, /IB€ M3 KOTOPBIX, MOJKIIOYEHB! K BBIBOJIAM amia-
patHoro mpepbiBaus Arduin0. DT KHONKH YBEIMYHMBAOT MM YMEHbLIA-
I0T HanpsDKeHHEe Ha 3aTBOpE II0JIEBOTO TpaH3WUcTopa ¢ marom 25 MB u,
COOTBETCTBEHHO, M3MEHSIOT TEMIIEpaTypy TepMope3ucTopa. Tperbei
KHOIIKOH 3aITyCKaeTcsi aBTOMATHYECKHM pexxuM u3Meperuii. Arduino ycra-
HaBnuBaeT HanpsbkeHue Ha Bbixoae LIAII ¢ marom 50 MB u uepes 60 c BbI-
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MOJIHSAET HM3MEpPEHHUE TeMIepaTypbl M COMNPOTHUBICHHUS TEPMOPE3UCTOPA,
ITOJIyYEHHBIE 3HAYEHHUS 3aIIMCHIBAIOTCSA HA KAPTY ITAMSITH.

LCD skpan SD kapra
= A
JE v Y
E = o .
b% a > Arduino TepmopesucTop
i A T
¥
i AT |l [Tonesoit DneMeHT
TPaH3UCTOP Ienb1E
- ITudporoit
~ TEPMOMETP

Puc. 2. dyHKkInOHATIBHAA CXeMa YCTAaHOBKH.

[Ipu nonaue HanpspkeHUst Ha 31eMeHT [lenbTe ero HUKHSSA CTOpo-
Ha, IPUKIECHHAsd K paguaropy, HayMHAEeT HArpeBaTbCs, a BEPXHAS —
oxnaxzaarscd. IIpu 3TOM Temmeparypa M CONMPOTHBICHHE TEPMOPE3UCTOPA
m3menstorest (puc. 3). IIpumepro uepe3 40 ¢ mocine Havana OXITAKACHUS
TeMIlepaTypa TepPMOPE3UCTOPA CTAHOBUTHCS IIOCTOSIHHOM.

24 T T T T T T

204 uan o |

16 1

Puc. 3 3aBucumocTs TeMIiepaTypsl (a) ¥ cCOnpoTHBIEHHS (0)
TEpMOPE3NCTOPa OT BPEMEHH OXJIaXIeHUs dneMenTa [lenbThe.
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UucrneHHOE 3HAUEHHE TEMIIEPaTypbl TEPMOPE3UCTOPa 3aBHCUT OT
KOMHATHOHM TeMIlepaTyphl U YIpaBJISIoniero HanpspkeHus U, Ha BBIXOJE
HAII (puc. 4 a). 13 puc. 4a) BHIHO, YTO €CIH TOJEBOW TPAH3UCTOP OT-
KpBIT, TO TemIieparypa He 3aBUCHT OT Uy,,. bonee addexTuBHBIN 0TBOX
TeIJ1a OT ropsueil CTOPOHbI deMeHTa IlenbThe MO3BOJIUT NMOIYYUTH Ooliee
HU3KUE TeMIIEpaTyphl.

g 0,0037 1 ]
A=1,04-10" -
B=2,78:10" e -
1 c=-2,810" P
~ 10,0036 A ]
4 X %
E &
i  0,0035 e |
e 7 4 3KCNEPUMEHT
| 0,0034{ -~ - - - annpokcumaums
25 30 35 40 45 50 95 IS n
U B n
uan
a) 6)

Puc.4. a) 3aBucumocTs TeMneparypsl anemenTa [lenbTbe oT
ynpasisoniero Hanpsokerust U ,,; 6) 3aBucumocts T = f(InR) .

Jns ompeneneHusi 4MCIEHHBIX 3HAYEHUH KO3((HUIMEHTOB, BXO-
Jumx B ypaBHeHue Creilinxaprta — Xapra, B paboTe U3Mepsuloch CONpO-
THBJICHHE TepMOpe3ncTopa B auamasone Temmeparyp -4°C no +22°C. Jla-
jJee, TO TONYyYEHHBIM JaHHBIM, CTpPOWJCA TpaduK 3aBUCUMOCTH
T =1f(INR), ¥ BHINONHIACH JUHEHHAS ANNPOKCUMAIUA IKCIIEPUMEH-

TaTbHBIX JAHHBIX C TIOMOIIBIO porpamMmsl Statictica 6.0 (puc. 4 6). ITomy-
YeHHBIE YUCIICHHBIE 3HaueHus KodpduuueHToB A, B, C mo3BonsioT ompe-
JEJIUTh TEMIIEPaTypy TEPMOPE3UCTOPA, 3Hasl €r0 CONMPOTHBICHHE.

Taxxke B paboTe Ui MPOBEPKM KauyecTBa I'palyMpOBKH TEpMOpe-
3UCTOpa OBUIO BBHITIOJIHEHO CpPaBHEHHE 3HAUYEHWH TeMIlepaTyp dSJIEeMEHTa
[TenbThe, M3MEPEHHBIX U(PPOBEIM TEPMOMETPOM, U T€pMOpe3ucTOpoM. B
pe3ynpTaTe OBUIO YCTAaHOBJIICHO, YTO B MHTEpBAJie TeMIleparyp -4 1o +32°C
oTMuMe B mokasaHmsx He mpesbimaet 0,7°C, UTO JOKa3BIBACT KOPPEKT-
HOCTb BBITIOJIHEHHOH I'PalyHpOBKH.

Takum obpazom, B pabore:

e O0CBOCHA MpOTpaMMHas M ammaparHas padoTa ¢ ratamu Afr-

duino: Uno, Nano, Pro Mini;
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® OCBOCHBI B3aUMOJICHCTBHSI MHUKPOKOHTPOJUIEPA C Pa3INIHBIMU
jatauKamu | yerpoiicteamu mo 1°C, SPI u 1-Wire mune;

e paszpabotaH mpubop Ha 0aze Arduino Nano, ¥ mporpaMMHOE
obecrieueHne ISl OTIpEIeIeHs] OCBEIIEHHOCTH U Ko3(HIMeHTa IyJbca-
UM PA3JIMYHBIX HCTOYHUKOB UCKYCCTBEHHOTO OCBEILICHUS;

e Ha 6Gase Arduino Uno u3roroBiieHa 1a0OpaToOpHasi YCTAaHOBKA,
MIO3BOJISIFOLIAsT MCCIIEIOBATENb 3aBHCUMOCTD CONPOTHBIICHHUS TEPMOpPE3H-
CTOpa OT TEMIIEPaTypPhl U BBIIIOJIHUTH €r0 IPayHpPOBKY.
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COBPEMEHHOE COCTOSIHUE UCCJIEJOBAHUM U
TEXHOJIOI'MA B OBJIACTU COJIHEUHOM

SHEPIT'ETUKHN
HauuoHanbHbIl mexHudeckul yHusepcumem « X[ »
Cm. B.A. bananaee
Pyk. douy. A.B. CemeHO8

CosHeyHasi SHeprusi siBJseTcs HanboJiee NEePCIIEKTUBHBIM HCTOY-
HUKOM 3JIEKTpUYECKOH »Hepruu Ha 3emie. lcmonp30BaHHE BCEro JHIIb
0,0125 % xonmuectBa 3Heprun CosiHIIA MOTIIO OBl 0OECHEYNTH BCE CEro-
JHSAITHAE TMOTPEOHOCTH MHPOBON BPHEPreTHKH, a ucronb3oBanue 0,5% -
MIOJIHOCTBIO MTOKPBITh OTPEOHOCTH HA MEPCIIEKTUBY. XOTS UCTOPUS Pa3BH-
TSI COJTHEYHOM SHEPreTHKH HACUMTHIBaeT He Oosee 60 JIeT, OTKPHITUS, KO-
TOpBIE PUBEIN YUSHBIX K COJIHEUHOMY 3JIeMEHTY, Hadaiuchk Oonee 200 et
Has3al. OTU OTKPBITUS CBOICTB CBETa M BIEKTPUYECKOH IPOBOIUMOCTH
JIe’KaT B OCHOBE COBPEMEHHBIX (DOTOKOHBEPTOPOB.

OCHOBHBIMM BE€XaMH 3TOU JUIMHHOW UCTOpHUH siBIsitoTCs: 1839 1. —
oTkpbiTHe (paniysom O. Bekkepenem QoToBosibTanueckoro 3¢dexra, B
pe3yabTaTe KOTOPOTO IMOTJIONICHHBIH CBET MPeoOpa3oBBIBAICS B AIIEKTPH-
yeckoe HampsikeHue; B 1873-1876 rr., anrmuane Y. Cmur, a 3atem Y. I,
Apnamc u P. D. JI3# oTKpbUH (OTOMIPOBOIMMOCTh SE€ U MOKA3aJld, YTO COJI-
HEUYHBIH CBET SBISIETCS ajJbTEPHATHBHBIM HCTOYHHKOM JIICKTPHUYECKOH
sHepruu; B 1883 r., amepukanern Y. ®purrc co3nan nepBbli COMTHEUHBIN
JJIEMEHT Ha S€ ¢ HaHECEHHOW TOHKOW rieHkoi u3 Au ¢ K1/ -2% ; 1887 r.
— oTkpeiTHe HemieM ['. Tepuem doTosnexTpuueckoro addexra, MexaHu3m
KOTOPOTO JIGKUT B OCHOBE COBPEMEHHBIX COJHEUHBIX JJIEMEHTOB; 1953-
1956 tr. — otkpeiTHe corpynaukamu Bell Laboratories kpemuust (Si), kak
bonee adpdexkTuBHOTO MpPeodOpazoBaTENsa, YeM CEJICH W Ha4Yallo KoMMepde-
CKOTO MPOM3BOJACTBA COJHEYHBIX 3eMeHToB KoMmnanueir Western Electric;
1958 r. — mepBoOe HUCIIOIB30BAHUE COJHEYHOI Oarapen B KOCMOCe Ha ame-
pukanckoM coyrHuke Vanguard 1, koTopsiii mpoJieTan BOKpyr 3emiun 6o-
nmee 50 ner; B 1970e roxpl, BepBble MPOU3ONUIO CHIKEHHE CTOMMOCTH
comueunoit sHeprum ¢ 100 mo 20 moxn/Bart Omaromapsi WCCIEOOBaHUSM
kommnanuu Exxon Corporation. A B 1982 r. 3amyieHa mnepsasi COJHEYHast
anekTpocTanius MouHocThio 1 MBT B Kanmndopuuu. B 1991 r uzobperena
niBeapueM M. I'peTienem u ap. siuercTas CTPYKTypa COJHEUHOM OaTtapen
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u3 JemEBBIX MaTepuaioB [1]. Sueiiku UMEIOT IPOCTYIO CTPYKTYPY, COCTOST
U3 JIByX 3JEKTPOJOB M HMOACOAEpIKaIero ekTponurta. OIUH 37IEKTPOa
COCTOUT U3 BBICOKOIIOPUCTOTO HACBHIIIEHHOTO KPAacHTEJIeM AWOKCHAA THUTa-
Ha (TiO,). dpyroit 3meKTpoa — MPOCTO MPO3pavHas MEKTPONPOBOIAIIAS
MOITOXKKA.

B 1995 1. T. ®anynu BrepBbie CKOHCTPYUPOBAI U 3alaTEHTOBAI
COOpHYIO COJTHEYHYIO MaHEeJb ¢ MHTETPUPOBAHHBIMHU COJTHEYHBIMHU JJIEMEH-
tamu; B 1994-1999 rr. B kommanuu National Renewable Energy Laboratory
pa3paboTaHbl COTHEYHBIE AIeMeHTH Ha ocHOBe INGaP u AsGa u mocturay-
ta apdexruBHOoCTh 32%. B 2009 r. npou3omuio oTKpeiTHE HOTOKOHBEPCH-
OHHBIX CBOMCTB M HCIOJB30BaHHE JUIS COJTHEUHBIX 3JIEMEHTOB JICIIEBBIX
mepoBcKUTOB Ha ocHoBe CaCO3;

B 2015 r. 3amymieHo MpOW3BOACTBO TOHKHX, THOKHX , KaK JIFICT
Oymaru, coJIHEUHBIX 3JIEMEHTOB Ha sdeikax I'pernens ¢ 3QQeKTHBHOCTHIO
20%. VI3 HenaBHUX DOCTHM)KEHHH B 00JIACTH COJIHEYHOW SHEPreTUKH CIIeNy-
et otMetuTh paboty aBcrpanuiickux (ANU) u anriumiickux (UC Berkeley)
YUYEHBIX, B KOTOPO# OBLT pa3paboTaH MeTa HaHOMAaTepHal, B KOTOPOM Ipo-
UCXOIUT (POTOKOHBEPCHS CBEUCHHUS IIOJYIPOBOJHMKA, BBI3BAHHBIM €TO
HaTrpeBaHHUEM, T.. 0€3 COJIHEYHOTO cBeTa [2]. DTOT MaTepuan yaadHo HO-
TIOJIHSIET TEPMOIIEKTPUUCCKHE MEXaHU3MbI TeHEPALMH AJIEKTPOIHEPTHH.

B 2018r. akTuBHO pa3pabaThHIBAIOT COJIHEUHBIE 3JIEMEHTHI Ha IIe-
POBCKHTaxX Ha OCHOBE apCeHHJIa TajlIusl, MEIHO-UHINNH-TAJUINI CEJICHOBOTO
cocraBa, Thtana Kanbiust, CsPbs, CHsNHsPbs. Camelii ipopeiBHOM pe3yiib-
TaT Ha TIEPOBCKUTE HAa OCHOBE 0JI0BA OBLT HEAABHO IOJIyYEH YICHBIMH W3
I'ponunrenckoro ynusepcurera (Hunepnanaer), KOTOPBIM yAaloCh yBEJIH-
yuth KIIJ 10 pekopanbix 66% [3]. Takoil pe3yabTaT JOCTUTHYT 3a CUET
YBEIMYEHUsI BPEMEHHU JKU3HHU «TOPSYHUX JICKTPOHOBY», YTO HE Ja&T OBICTPO
UM paccesiTbCs B TEIUIO U TO3TOMY O0ECIeYMBaeT MCIOJIb30BaHHs BCei
nosrydeHHo# 3Heprun.[3]. B o0pranbx ke yeioBusax KIIJ ma mepoBckute
ObUT HAa OCHOBE apceHHJa raumms OKoJo 25%, TMOydeHHBIM KHTaiCKOM
komranueir Hanergy. MojkHO monararb, 4To pa3padOTKH COJHEYHBIX dJIe-
MEHTOB Ha SUYCHKaxX NEPOBCKUTOB SBIIIOTCS HanOoliee IMEepCIeKTHBHBIM
HaIpaBJICHUEM B COJIHEUHOM 3Heprernke. Dojbpra M3 MepoBCKUTa HMEET
TOJIIIMHY BCEro TpH MHUKpoMmeTpa. HeynuBuTensHO, 4TO MaTepuai JeMOH-
CTpupyeT (heHOMEHANBHBIA TOKa3aTeNlb SHEPrOOTAauN: 23 BaTTa HA TPaMM.
Hanmyumum o6pa3oM OH MOAOMIET 171l M3TOTOBIEHHS CABOCHHBIX (POTO-
9JIEMEHTOB, B KOTOPBHIX IIEPOBCKUTOBBIE SUEHKH PaCHOJOXKEHBI IMOBEPX
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KPEeMHHEBBIX MJIM UX aHAJIOTOB. TEXHOJIOTHS MOJYyYEeHUS COIHEYHOH 3HEep-
THM HE TI0Ka3bIBaeT HUKAKUX MPHU3HAKOB 3aMezyieHus. [lons sHepruw, mo-
mygaemoi ot CoJsiHIA, ¢ Ka)XIBIM T'OJOM HEYKIOHHO pacteT. B mpomiom
TOJTy TJI00aJIbHBIA PHIHOK COJTHEYHOI SHEpreTHKH yBeanuuics Ha 26%. [1o
nporrosam, B 2018-om BrepBeie Oyer mpoiinena otMeTka B 500 ruraBart
HOBBIX YCTQHOBJICHHBIX MOIIIHOCTEH B roj BO BceM Mupe. B mmaepax mo-
npexHeMy octarorcs kpymnHsle crpansl (Kurait, CLIIA, Unaus), HO ux 107
B TII00anbHOM Macmmtade Oyner cokpamarbes. [lopor 1 ruraBaTT ycraHaB-
JMBAEMBIX EKETOJHO COJIHEYHBIX MOIIHOCTEH mepemarHyr bpasumms,
Eruner, Mekcuka, Hunepnaunel u Mcnanus.

B VYkpaune, B nexkadbpe 2017 roma Ha4aaoch CTPOUTEIBCTBO COJI-
HEYHOM D3JIEKTPOCTaHIMU C TepcrnekTuBod B 99 MBT B UepHOOBUIBCKOMH
30He OTYyXAeHHs Ha miomaan 10 000 kM’ Ha KOTOpO# OyIyT ycTaHOBIIE-
HbI 3762 COTHEUHBIX MOYJIA.

3a anbTepHATHBHON SHEPreTUKOl Hamre Oymymiee. OHa HempeMeH-
HO CTaHeT BRKHEWIIMM JHEPreTHYECKHM pecypcoM. A Taroke Oiaromaps ei
MBI COXPaHUM YHCTBIH BO3YX, YUCTYIO BOJLY M YHCTYIO TUIAHETY.
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BUJATHI BUEHI HTY «XIII»: M.I. MEJBEJE€B —
OJIVH I3 ®YHJIATOPIB YKPATHCBLKOI'O

TPAKTOPOBYJIYBAHHA
HauioHanbHutl mexHidHul yHieepcumem « X[ »
Cm. I'. HanaeHkKo.

Kep. dou. C.[. Mano4yeHko

Muxaitno [BaHoBHY MenBeneB — BHOATHUI BUSHHH y Taly3i Tpa-
KTOpOOyIyBaHHS, aKageMiK, JOKTOp TEXHIYHUX HayK. BiH HapomuBcs y
1893 p. y cim’i censn y ceni Jlepemus YepHiriBeskoi rybepnii. ¥ 1915 p.
3akiHunB CapaToBChbKE Cepe/lHE TEXHIYHE YUMIIUILE 1 BCTYIHB 10 XapKiBCh-
koro texHojorignoro iHctutyry (XTI). BpaB yuacts y Ilepuriii cBiToBiii
BiliHi, ITOTIM TpAIfOBaB y Pi3HUX MPOMUCIOBHUX CTPYKTypax. ¥ 1923 p. Bin-
HOBUB HaBYaHHA Y XapKiBCBKOMY TEXHOJIOTTYHOMY iHCTHTYTI. [licis 3akiH-
YeHHS HCTUTYTY y 1926 p. movaB mpaioBaTH Ha Kadeapi MamuHOOymy-
BaHHa XTI. JIo 1930 p. poboty Ha kadenpi CymillyBaB i3 IPaKTHYHOIO PO-
6oTtoro Ha XapkiBcbKOMY IapoB0300yniBHOMY 3aBoji iMeHI KomiHTepHa
(umHi 3aBoJ iM. Manuiesa). KepyBas xadeaporo tpakropoOymyBanus XTI
3 MomeHTy i crBopenns — 01.01.1930 p. — o 1962 p. Iliciist moBepHeHHs
3 eBakyalii y 1944 p. mpoJoBXHB MpamoBaTy 3aBigyBadeM Kadeapu Tpak-
TOpOOYIyBaHHS 1 aKTUBHO CIIIBIPANIOBaTH 3 KOHCTPYKTOPCHKHM OIOpO
XT3. Y 1958 p. 3axucTHB JOKTOPCHKY aAucepTauio. Y 1961 p. 6y oOpaHwmii
akaznemikom BcecorozHoi Akaznemii cinbebkorocnonapcbkux Hayk. Ilpari
M.I. MenBeneBa Oynu 3HAYHUM BHECKOM y PO3poOKy Teopii Tpakropa i
moOyI0BY KOHCTPYKIiH TpakTOpiB. BiH € 3aCHOBHUKOM BITYM3HSIHOT HAYKO-
BOT IIKOJIH TI0 TOCTHKEHHIO i po3po0ii TpakTopiB. Hum Oyio omy0iikoBa-
Ho Outbmie HK 200 HaykoBHX mparb. Jlo HaiiOUIbI 3HAYMMUX (QyHIAMEH-
TaIBHUX pOOIT mpod. MenBeneBa BimHOCATBC MoHOTpadii «['yceHuuHe
3a4yeruieHHst Tpakropay, «KoHcTpyroBaHHs TpakTopay, «Teopis TyceHuIHNX
cucrem», «AIp00M 1O T'yCeHHMYHHM CHCTeMaM». BiH € aBTOpOM OIHOTO 3
nepmux minpydHukiB «Teopis Tpakropa». CTBOpeHa HMM HayKOBa IIKOJIA
IIPOJIOBXKYE HOTO CIIpaBy: PO3BHBAE TEOPIIO KONICHUX Ta TYCEHUYHUX TPaK-
TOpIB, MTPOBOJUTH JOCIIDKEHHS Ta PO3pOOKY HOBHX KOHCTPYKIIH TpakTo-
piB. ImM’st npod. M.I.MenBeneBa HEpPO3PUBHO TTOB’I3aHE i3 CTAHOBIICHHSM 1
PO3BHUTKOM TaKWUX MPOMUCIOBUX TiraHTiB Ykpaiau sk XT3 i 3aBox iMm. Ma-
JUIIEBa 1 HABIKK BIIMICAHE B ICTOPIIO BITIM3HIHOTO TPAKTOPOOYIYyBAHHS.
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BJIMAHUE KOMBUHUPOBAHHbBIX
CTAIMOHAPHBIX 1 UMITYJIbCHbIX
IIJIASMEHHBIX HAI'PY30K HA BOJIb®PAM C

PA3JIMUHOMN TEKCTYPOM
HauyuoHanbHbIl mexHudeckul yHugepcumem
«XapbK0oBCKUU MOUMEXHUYeCcKUl uHcmumymb»
Cm. [.10. BeccmepmHbitii
Pyk.. npogp. C.B. ManbixuH, Mm.H.c. C.B. Cypoeuukuli

Bo BpemMs paboThl Tokamaka MHTepHAIIMOHAIBHBIA TEPMOSIICPHBII
sKcriepeMeHTalbHbIH peakTop (UTOP) mepBast cTeHKa M JIEMEHTHI IUBEP-
TOopa OyAyT MOABEPraThCsi KOPIYCKYJISIPHO-TEIIOBBIM Harpy3kam B CTallu-
OHApPHOM PEKXUME YITYUIICHHOTO YIEep)KaHHsS IUIa3Mbl U B YCIIOBHSX Iepe-
XOJIHBIX HECTAlIMOHAPHBIX COOBITHH [1].

B nanHO# paboTe m3mararoTCsl pe3ynbTaThl MCCIEIOBAHUS CTPYK-
TYPHOTO M HAINpsDKEHHOTO COCTOSHHS BOJB(PaMOBBIX 00pa3loB ¢ pa3HOi
TEKCTypOl B YCIOBHSX KOMOMHHMPOBAHHBIX BOJOPOJHBIX IIJIa3MEHHBIX
Harpy3ox, oxunaemsix B U'TOP.

B kadecTBe 00pa3lOB HCIOJIB30BAIN BOJB(PPAMOBBIE MHIICHH C
pa3mepamu 12x15%0,8 mm® u3 MOJINKPUCTAIIMYECKOTO BOIb(ppama Ipou3-
BOJICTBA aBCTPUICKOM Kommanuu «Plansee» ¢ uncroroit 99,999% 06. Kowm-
OMHMpOBaHHOE IIa3MEHHOE OOJydeHHE CO3/1aBaJlOCh C TOMOIIHIO KBa3H-
cranmonapHoro iasmMeHHoro yckoputens KCITY X-50 u uctouHuka
nonoB FALCON. OcHoBubie napamerpsl motokoB mia3mbl KCITY X-50:
sHeprus noHOoB - 0.4 k3B, mMakcumansHOe maBieHue riasmel - 0.32 Mlla,
maMeTp motoka — 18 cMm. DHeprerndeckas Harpy3ka Ha TIOBEPXHOCTh CO-
crapuia 0.45 MJlx/M?, uro cootserctsyer Edge Localized Modes (ELMs)
B UTOP. ®opma minasMeHHOro MMIylbca ONM3Ka K TPEYrojbHOW, JUIH-
TeJILHOCTh uMIyibca cocrasisier 0.25 mc. Mcrounuk nonos FALCON co-
37aeT BOJOPOJHBIN MOHHBIH MyYOK TUAMETPOM 3 MM M CpeIHel dHeprueit
noHOB 2 k3B. O0pa3mp! moaBepraroTcss BO3ACHCTBHIO OTHOCUTEIFHO 00Jb-
IIUX TTOTOKOB YaCTHI] (1022M2c'1) n temta (1.7 MBT/Mz), YTO TI03BOJISACT
nocrurate drroenc 10%° M u Beime. Bo Bpems oGmyuenns Temmeparypa
00pa3IoB Bo3pacTaeT OT KoMHaTHOM 70 890 C

AHaiM3 MOBEpXHOCTEH MPOBOJMJIICS C UCIIOJB30BAHUEM CKaHHPY-
FOIIEro 3IeKTpoHHOro Mukpockoma (COM) JEOL JSM-840. Ilepoxosa-
TOCTh IOBEPXHOCTEH m3Mepsuiack mpodmiomerpom Hommelwerke tester
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T500. ITapameTpsl CTPYKTYpHI, CYOCTPYKTYPBI U HANpPsHKEHHOE COCTOSHUE
MMOBEPXHOCTH HCCIEIOBAIOCH C IMOMOIIBI0 PEHTTEHOBCKON MH(PpPaKTOMET-
pun (XRD) [2-3]. CbeMKH MPOBOIMINCE 1O cxeMe 9-29 CKaHUpOBaHMA Ha
mudpaxkromerpe tuna JJPOH, ucrons3ys MoHoxpomaruueckoe K, nzmyde-
HUE MEHOI'0 aHOJa.

B o0pasue ¢ Texctypoii [100] moa nefcTBHEM cTallMOHAPHOTO 00-
mydeHUs HaOIMIomaeTcs OTKHUI HAYalbHBIX COKHMAIOMIUX OCTaTOYHBIX
HaTIpsDKCHUH. YMEHBIIAeTCsl KOJMYECTBO JIMHEHHBIX M TOYCYHBIX Jedek-
TOB, TaKXe, KaKk U KOMIUICKCOB TOUeUHBIX AedekToB. [Tocnemyromue mepe-
XOJHBIC HATPY3KH ()OPMUPYIOT PACTITHUBAIOIINE OCTATOYHBIC HANPSKCHUS,
MOBBIIIAIOT KOJMYCCTBO JIMHCHHBIX JC(PEKTOB U H30BITOK KOMIUICKCOB
Me)Xy3eNbHBIX aTOMOB. DHHANIBHBIE CTAIIMOHAPHBIE HATPY3KH MPHUBOAT K
penakcany OCTaTOYHBIX HAIPSIKCHUH.

B o0pasue ¢ tekcrypoii [110] mon gelicTBHeM CTallMOHAPHOTO 00-
JMY49CeHUs TPOUCXOTUT OTNKHUI HAYAJIbHBIX CKHMAIOIIMX OCTaTOYHBIX
HATPSOKCHUNA. YMCHBIIACTCS KOJTHMYCCTBO JTMHEHHBIX Te()EKTOB U KOMILICK-
coB ToueyHbIX nedekToB. Ilepexomubie Harpy3ku (GopMHUpPYIOT B oOpasiie
pacTATHBAIONIAE OCTATOYHBIC HANPSDKEHUS, MMOBBIMIACTCS KOJIMYECTBO JIH-
HEHHBIX NedeKToB M HabmromaeTcs W30BITOK YHCIa BaKaHCHOHHBIX KOM-
wiekcoB. OUHATBHBIC CTAIMOHAPHBIC HATrPY3KH IMPHBOIAT K pelaKcaluu
OCTaTOYHBIX HaANpspKCHUU. J[J1s1 BOJIB(PPAMOBBIX 00pa3lOB ¢ pa3HBIMH OCSI-
MU TeKCTypbl ompeneneH (roenc yactur aisi FALCON, HeoOxoauMbrid
JUTSL TIOTHOHM peJlakcaliii CO)KMMAIOIIUX OCTAaTOYHBIX HANpsHKEHUH B TO-
BEepXHOCTHOM cioe. [loka3aHo, 4To HadaabHas CTPYKTypa BOJb(ppama Mo-
JKeT OBITh YCOBEPIICHCTBOBAHA CTAIMOHAPHBIM OOIYYCHHWEM C HE3HAYH-
TENBHBIMHA OTJIMYMSIMH UL 00pa3IioB C pa3sHBIMH OCSIMH TEKCTYphL. [lpm
UMIYJIbCHBIX MJIA3MCHHBIX HAarpy3KaxX pa3BHBAIOTCS TPEIIMHBI M HAOIIO1a-
€TCsI 3pO3HUs MaTepHaja MOBEPXHOCTH, 00YCIOBICHHAS PACHIBIIICHUEM.

[TosryyeHHBIE pe3yNbTaTHl MOTYT OBITH HCIIOJNB30BAHBI TSI OTpa-
OOTKM TEXHOJIOTHH TIOJIy4eHHs Boib(pama I SIIEMEHTOB ITUBEPTOPA,
YTOOBI CYIIIECTBEHHO IMOBBICUTH X CPOK CITYKOBI.

[1]. Ch. Linsmeier, B. Unterberg, J.W. Coenen, R.P. Doerner, H. Greuner, et al. Ma-
terial testing facilities and programs for plasma-facing component testing. Nucl. Fusion 57
(2017) 092012 (34pp); [2]. V.A. Makhlaj, I.E. Garkusha, S.V. Malykhin, A.T. Pugachov, et al.
Residual stresses in tungsten under exposures with ITER ELM-like plasma loads. Phys. Scr.
2009, v.T138, p.014060; [3]. V.A. Makhlaj, I.E. Garkusha, N.N.Aksenov, A.A. Chuvilo, et al.
Dust generation mechanisms under powerful plasma impacts to the tungsten surfaces in ITER
ELM simulation experiments. Journal of Nuclear Materials, Vol. 438. (2013) P. S233-S236.
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CPABHEHHUE METOJIA TPACCUPOBKH C
KBABUMAHAJIUTUYECKUM METOJ0M IS
MMOCTPOEHUS N30BPAKEHUUN B N-TOUEYHOMN

FPABI/ITAI_II/IOHHOfl JUH3E
XapbKkoscKuli HayuoHarbHbIl yHusepcumem um. B.H.KapasuHa
Cm. JI1.A. Komeuukasi
Pyk. douy. A.T. Komeuuykut

Jns mocTpoenust M300pakeHUH B NPOW3BOJIBHBIX T'PAaBUTALIMOH-
HBIX JIMH3aX, a Takke B N-TOYEUHBIX I'DaBUTALMOHHBIX JIMH33X, OOBIYHO
MpPUMEHSETCS METOJ| TPacCUPOBKU [1], KOTOPBIM COCTOUT M3 HECKOJIBKHX
sTanoB. [lepBhIii 3Tan 3aKI0YaeTCsl B TOM YTO B INIOCKOCTH IPaBUTAILOH-
HOM JNHH3BI W3 MHTYHTHUBHBIX COOOpakeHWI BBIOMpaeTcsi HEKOoTOopas 00-
JacTh, KOTopas pa3duBaeTcs Ha M X N TOYEK. 3aTeM KaKIBIH y3el IMoIry-
YHMBIIEHCS CETKHU C MMOMOIIBIO CHCTEMBI JIMH30BBIX YPABHEHUH OTOOpaXkaeT-
csl B IUIOCKOCTh MCTOYHHMKA. TakuM 00pa3oMm, IOcCie MEepBOrO dTama MBI
nMeeM TabJIUIy B KOTOPOH Ka)I0W TOYKE M3 IJIOCKOCTH JIMH3BI OJTHO3HAY-
HO COOTBETCTBYET TOYKa M3 INJIOCKOCTH HCTOYHHUKA. Ha BTOpPOM OTale B
IUIOCKOCTH HCTOYHHUKA MOJEIUPYETCS KPYroBOM HCTOYHHMK M3 TOYEK JIe-
JKaIX Ha OKPYKHOCTSIX PAaBHOMEPHO paclpeAeICHHBIX BHYTPU HMCTOYHU-
ka. Tperuit atam. [l Ka)xI0H TOYKH UCTOYHHUKA C TIOMOIIBIO TaOIHUITBI (U3
MIEepBOTO 3Talla) HaXOJATCs ee MPooOpasbl, KOTOPHIE U SBISIOTCS TOUYKAMHU
N300paKeHus.

JaHHbIi MeTOn uMeeT psj HeAOCTaTKoB. B uacTHOCTH, Hemb3s
OBITH YBEpEHHBIM B TOM, YTO B BEIOPAHHOI 00JIaCTH COZlepKaTcs BCE KOPHU
JIMH30BOW CHCTEMBI ypaBHEHHH. BTOpBIM CyIIeCTBEHHBIM HEIOCTaTKOM
SIBJISIETCSI TO, YTO HENB3s FapaHTUPOBATh YTO OBUIM HaWJEHBI BCE PEIICHUS,
JlayKe eclTi OHH MPUHAJUIeKAT JaHHOW 001acTy.

KBasuananutudeckuii meton [2], mpeanaraeMmblii HaMH, JIHIIEH
000MX 3THX HEJOCTATKOB.

Jlumepamypa:

1. Schneider P., Ehlers J., Falco E.E. Gravitational lenses. Springer-
Verlag Berlin Heidelberg 1999 P. 560.

2. Kotvytskiy A.T., Bronza S.D. Quasi-analytical method for imag-
es construction from gravitational lenses // Odessa Astronomical Publica-
tions, vol. 29 (2016), P.31-33.
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3ACTOCYBAHHA
PEHTTEHO®JIIOOPECIHEHTHOI'O AHAJII3Y
JIJISI BASHAYEHHS MAJINX KOHIEHTPAIIIA

ﬁOI[Y B BIOJIOT'TYHUX OB’€EKTAX
HauioHarnbHul mexHiyHuUl yHieepcumem
"Xapkigcbkul nonimexHiyHut iHcmumym"
Cm. M.P. HacmiyeHko
Kep. douy. M.B. PewuemHsik

B nmanmit wac cepen IHCTPYMEHTAJIBHHX METOJMIB MacoOBOTO KOH-
TPOJIIO €JIEMEHTHOTO CKJIaly TBEPAMX MarepialliB MeTalypriiHOro BHpoO-
HUIITBA Ha OCOOJMBY yBary 3aciyroBye He PyWHIBHUI, €KCIIPECHHI, aBTO-
MaTH30BaHUH PEHTreHOCHEKTpabHUN (uiyopecueHTHHI aHani3 (PDA) i3
3aCTOCYBaHHAM 0araToKaHaJbHUX PEHTICHO(DIYOPECHEHTHUX CIIEKTPO-
MeTpiB (POC). TpuBamicTs 0AHOYACHOTO aHANIZY OIHIET TpoOu Ha Bci 00y-
MOBJICHI €JIEMEHTH 3a3BHYail He MEpEeBHIIye -2 XBHWIMH, IO 3abe3meuye
NpoAyKTHBHICTE PDA 110 THCSYI eleMEHTOBU3HAYEHb B 3MiHY.

POA yHiBepcasbHMI: MOXXHa BH3HAUaTH MalKe BCl €JIEMEHTH,
KpIM TOYaTKy nepioudHoi cucteMu. HikHST Meka Jliana3oHy BH3HAYEHUX
€IIEMEHTIB 3aJCKUTh Bil THILy BHKOPHCTOBYBAHOTO JAETEKTOPa M'SIKOTO
peHTreHiBcbkoro BunpoMinioBanas (MPB). Tak, cekTpoMerpu 3 ra3oBH-
mu nporopuiitaumu (['TI) 1 TBepIUMH CHMHTWIAMIMHAMA JYMIEHAKAMEI
3a0e3nedmiii MOJKJIMBICTh BHU3HAUYEHHS €JIEMEHTIB BiJ HATPilO 70 ypaHy B
mesxax Big 0,001% go 100% 3a macoro.

O06'exT mocmiKeHHsT — 6i0JI0TIUHI MaTepianu, oTpuMaHi B [HCTUTY-
Ti OXOPOHH 30POB’S [iTell Ta mijiTkiB HarioHansHOT akageMii MeqmIHIX
Hayk Ykpaiau (I'Y “10O311 HAMH”).

Mera poboTH - Moauikamisi aITOPUTMY METOJy HOBHONPO(UIE-
HOTO aHaJl3y CHEKTPIB PEHTreHIBCHKOI (uIyopecueHmil A IMOJIMIIeHHS
BU3HAUYCHHS CIIJIB XIMIYHUX €JIEMEHTIB.

MerouKa JOCTIIKEHHS - €KCIIEPUMEHTANIBHI CIIEKTPH OTPUMAIH
3a JIOOMOTOI0 KpucTan-audpakmiitHoro cnekrpomerpy Crpyr. Komm'tore-
pHa 00poOka npoBoaunacs 3a gonomororo nporpamu «New_Profile» Bepcis
3.4. ns odopmieHHs TpadikiB i po3paxyHKy KOe(illieHTIB MOJIIHOMIB BH-
kopuctanu nporpamy Origin Bepcist 8.5. [[yns HanucaHHS mporpam KopHc-
TyBasmcs mporpamoro Delphi.

[Ipu BUKOpPHCTaHHI TOBHONPO(ITFHOTO aHATI3Y CIIEKTPIB PEHTT e-
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HIBCHKOT (pIyopecieHIlii 3'IBISETHCS MOKITMBICTD TIOCUTh TOYHO BH3HAYATH
IHTEHCUBHOCTI CIIEKTpPaNbHUX JiHIA, HaBiTH y pa3i ix HakimameHas. lle, B
CBOIO 4epry, AO3BOJSAE€ OUTBII TOYHO BHU3HAYMATH KOHICHTpAMii XiMITHIX
€JIEMEHTIB, 110 BXOJATH JI0 CKJIaxy JaHoro Marepiany. OmHaK BelUKi TpyA-
HOLII BUKJIMKA€ CUTYallis, KOJM KOHIIEHTpalil aHaIi30BaHUX EJIEMEHTIB
IPaHAYHO Maii. Y LOMY BHIaJIKy, BAHUKAE HEOOXIIHICTh BU3HAUCHHS 1H-
TEHCHBHOCTI clTabKuX JiHiHA Ha (QOHI IHIIKMX, B THUCSU] pa3iB OUIBII CHIBHUX.
Le € HAATO CKITATHUM JUTSA 3BHYAITHOTO MOBHOIIPO(LUTBHOTO aHami3y. Takum
YUHOM, METOI0 JTaHOi poOoTh Oyn0 MOAUdIKaIlisi METOAUKU Ta aJlTOPUTMY
METO 1y OBHONPO(DUILHOTO aHaJIi3y CIIEKTPIB PEHTIeHIBCHKOT (iIyopecieH-
IiT TS TIOJTIMIIICHHST BU3HAYCHHS CIIIIB XIMIYHMX €JIEMEHTIB, B MIEPIIY Yep-
I'y JUTs BU3HAYCHHST XIMIYHOIO CKJIaay OIOJIOTIYHHMX MaTepiaiiB.

s BuBueHHST MOXIHBOCTeH PDA 1 po3poOKH HOBHX METOIWK
3HOMKH i 0OpOOKM HaAWOUTBII 3pyYHUMH OO'€KTaMH € 3pa3Kh 3 BiIOMHUM
BMICTOM XiMIYHUX eleMeHTiB. O0'eKTaMu JTOCTIPKEHD CITYKHJIA OJHOKOM-
MOHEHTHI MaTtepianu TexHiYHOI yncToTH. Jpyra rpyma 3paskis mpeacTaBis-
na co0oro OloJIOTiuHI Marepiaiy, oTpuMaHi B [HCTUTYTI OXOPOHH 3I0pPOB'S
niteit Ta mimtitkiB HanioHanpHOT akageMii MEqUIHIX HayK YKpaiHu.

CxeMa BUMIpIOBaHb OINTHUMI30BaHA 3a KPHUTEPIEM MaKCHMAIBHOT
YYTIMBOCTI JIO BUSABJICHHS oy B 3pa3kax. [lapamerpamu ontumizanii ciy-
JKUJTM: MaTepian BUIIPOMiHIOBaYa, Marepiall i TOBIIKMHA (UTbTpa, HAIpyra Ha
peHTreHiBebKii Tpyoui. KamiopyBanpHi cyMinni oTpuMaHi po3BeIeHIM Ipo-
61 po3urHOM 3 BMicToM Homy 50, 100, 150 i 200 mxr/am3 (00,5; 0,1; 0,15; i
0,2 ppm, BiamosinHo). KoHmerpamiliHy 4yTnuBICTE i ()OH BHU3HAUWIMA 3a
IHTErPabHOK IHTEHCUBHICTIO. PEHTreHO3HOMKa MPOBOMIACS HA €HEPro-
nicniepcionHoMy criektpoMeTpi «Cripym»-K (AT «YkppeHTren», Xapkis).

st cTBOpPEHHS TEOPETHYHUX PEHTICHO(IYOPECIEHTHUX CIIEKTPIB
i IpOBEJCHHS OBHONPO(UILHOTO aHATI3y €KCIEPHUMEHTAIbHUX 1 MOJIEIb-
HUX JIaHUX BUKOPHCTOBYBajaca mporpama New profile Bepcii 3.4, po3po6-
neHa Ha kadenpi Gpizuku MeTaniB i HamiBrpoBigaukiB HTY XIII».

I(x); = Li=1 (X —xp) + fonx) 1)

rae [(x) - MHTEHCHBHOCTb B X TOUKE CIIEKTPa; f; - QYHKIHUA ONMCHIBAIO-

mast J-10 JIMHUIO; X - TOJOKCHHE j IMHHH.

£ = Er::L{J"'i_'r':xI:l % 1':]0% (2)

Ei{y}']z
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Jie M - KUIBKICTh TOYOK B podii; € - HeBA3KA SKCHEPUMEHTAIBHBIX U PO-

3paxXyHKOBUX JIaHUX _}Jf - OKCIICPUMECHTAJIbHOC 3HAUYCHHS IHTEHCHUBHOCTI.

MozenroBaHHsI TEOPETHYHHUX CIIEKTPIB 3AIHCHIOBATIOCS MHIISXOM
HaIWCaHHS CIICHiabHUX IAMporpaM Ha BOyHOBaHIi MOBi MporpaMyBaHHS
B mporpamax New_profile i ModeIXRF. Tadopmariis npo mikoBi iHTCHCHB-
HOCTI CIIEKTpaJIbHUX JIHIA YHCTHX €JIEMEHTIB, Ta CIUIaBiB. Opajacs 3 peab-
HUX EKCIIEPUMEHTAIIbHUX JaHHX, OTpuMaHuX Ha cnekrpomerpi CIIPYT B
penTreniseskoi adoparopii HTY «XIID» .

[HoBHOTIpOLTEHMI aHANI3 3MIMCHIOBABCA B HANIBABTOMATHYHOMY
pexxuMi BOymoBaHIMHE 3acobamu mporpamu New profile - yrumitamu moi-
JIy CKJIaTHOTO Ipodiiro Ha cKianoBi. BukopucroByBanacs « moain 3 » (dy-
Hkuii Komri i [aycea ) 1 « moain 4 » ( gynkuis [Mipcona VII ) .

Jnst moBHONPOQIIHLHOTO aHaNi3y, aJanTOBAHOTO U OKPEMOTO
BHITAJIKY 3HAXO/DKSHHS Ay)Ke CIA0KUX JIiHIM Ha T CHIIbHUX, BUKOPUCTOBY-
Bajacs cremianizoBana mporpama SPLIT LINES, namucana Ha MOBI
ObjectPascal B cepenoBumi Delphi 78 X011 BUKOHaHHS 1aHOT pOOOTH .

BukopucroByrour Taki BHMIpDIOBaHHS, MOXHa JOCHTH IIBHIKO
oTpuMatu iH(OpPMAIlI0 PO KOHIIEHTPAIlI0 Hoay B 3paskax. [linBUICHHS
TOYHOCTI BUMIPIOBaHb MOXE€ OyTH JOCATHYTO 3aBISIKM TOKPAIICHIOK
CTaTHCTHKH PO3PAaXyHKIB HAKOMWYEHHS, HANPHUKIAL, i3 30UThIICHHSIM
pPO3paxyHKIB ~ HAaKOMWYEHHS  BHUIPOMIHIOBAaHHS Ta  ONTHUMI30BaHOI
PEHTI€HIBCHKOT OTITHKH.

BucHOBOK. 3ampomoOHOBaHWUN METOJA IIBUAKOI JIarHOCTHKH
JIEMOHTPYE ~ MOXJIMBOCTI ~ HIOBHMIIEHHS  YYTIMBOCTI  PEHTI'€HO(IYO-
PECLIEHTHOT'0 aHaji3y. BUKOpHUCTaHHS MOJINMIIeHOT 00pOOKH eKcrepe-
MHUHTQJIPHUX AaHHUX B KOMIUIEKCI 3 YIOCKOHAJIEHOIO PEHTI€HOONTUYHOIO
CXEMOIO CIIEKTPOMETpa, MO3BOJISE MIABHIMUTH YYTIMBICTE PEHTTEHO(-
JMYOPEIICEHTHOTO BU3HAYCHHS MIKPOETIEMEHTIB B 0i0JIOTTYHHX 00’€KTax 1o
0.05+0.2 ppm.

[1]. Pemernsik M.B. Po3po6ka MeToauku mOBHO IPOMiIBHOrO aHai3y CIEKTPiB PeH-
TreHiBChKoi (uryopecueHirii, kaum.¢i3-mat nayk, Cymu, 2001.- 185 c.;[2]. CtpykTypHblii anamm3
B (pusnueckom mMatepuanoseaeHuu : yued.mocoodue / JI.W. aaxux, C.B. Mansixun, A.T. Ilyra-
4yeB, M.B. Pewernsk. — X.: U3n-Bo «[linpyuanux HTY «XIIW»», 2014. — 384c. — Ha pyc.si3.;
[3]. Rapid diagnostics of urinary iodine using a portable EDXRF spectrometer / I. F. Mikhailov,
A. A. Baturin, A. I. Mikhailov [et al.] // Journal of X-Ray Science and Technology. — 2017. — Ne
25. - 515-521.
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BUBYEHHS ABUINA ®OTOIHAYKOBAHUX
ABTOKOJIMBAHbB Y IIPUIIOBEPXHEBOMY
KOHBEKTUBHOMY IOTOII PI/IMHUA 1T AI€XO

JASEPHOI'O BUIIPOMIHEHHS
Xapkiecbkul HaujioHanbHuUl yHisepcumem im. B.H. KapasiHa
Cm. A.C. KonicHuk
Kep.: cm. seukn. B.l. Jlumap, C.J1. KonicHuk

OCHOBHOIO MeTOI0 JaHoi poOOTH € 3’sicyBaHHS (HI3SMYHOTO Me-
XaHi3My (DOTOIHIYKOBAaHMX AaBTOKOJIMBaHb Y IIPHUIIOBEPXHEBOMY KOHBEK-
THBHOMY MOTOIII PIIWHY i €0 JIA3ePHOTO BUIIPOMIHCHHS,

3aBmanHs poOOTH: BUBYMTH HasBHHH MAacHB [DKepen iH(opmarrii
CTOCOBHO JaHOI TEMH; IOCTITUTH EKCIIEPUMEHTAJIHHO IOCIITOBHICT 1
B3a€MO3B 530K (DI3MYHUX MPOIIECIB Ta MOIIH, AKi CIIOCTEPIiraroThes mpu ¢o-
TOIHJYKOBAaHMUX aBTOKOJMBAHHAX Y IPHUIIOBEPXHEBOMY KOHBEKTUBHOMY
MOTOIll PIAMHY i €0 JIA3EPHOTO BUITPOMIHECHHS; 3alIPOIIOHYBATH MIPOCTY
i HarmsiaHy Mozenb (I3UYHOrO sIBUINA SIKE BHBYAETHCS Ta HOTO
B32€MO3B’SI30K 3 SBHIIEM HECTIHKOCTI MOBEPXHI PiAWHU 10 30ypeHHS HO-
CTaTHBO BEIIMKOTO MacITaoy.

[IpoBeneni HaMu JOCIIPKEHHS sBUINA (OTOIHAYKOBAHUX aBTOKO-
JIMBaHb y NPHUIIOBEPXHEBOMY KOHBEKTHBHOMY IOTOLI PIIUHU I €0 Ja-
3epHOr0 BHIIPOMIHEHHSI Ta NMPOBEJICHI PO3PaxXyHKH JAJIM MOXKJIMBICTH pe-
aJli3yBaTH IOCTaBJEHI Ilepel] HaM¥ 3aBAAHHS Ta JOCSITH ITOCTAaBIEHOT METH.

[lepcriexkTrBHICTF maHOI poOOTH BOadaro y MOJANBIIOMY JIO-
CITIDKEHHI TIPOIIECiB CAaMOOPTaHi3allil B CKIIaJHUX CHCTEMaX.

Criucok sukopucmaHux Oxepert.

A. TI. CyxopykoB. CamodokycupoBka cBera. // dusmueckas SHIUKIONE-
mus. — T. 4. — M.: BPD, 1994. — C. 415—417.

Axanemiunuit TiiymauHuit cnoBHuk (1970—1980) — [EnexkrpoHHuii pe-
cypc]. — Pexxnm moctymy:http://sum.in.ua

AxmanoB C. A., Cyxopykos A. II., Xoxmnos P. B. «CamodoxycupoBka n
nmudpakiys cBera B HeMMHEHHOIT onTrke». «Y ®H», 1967.

Boxxunosa . S. dizuxa. 7 xmac [Texer]: [linpyarnk / ®. 5. Boxunosa, 1.
10. Henamres, M. M. Kiproxin. — X.: Bugapaunreo «PaHok», 2007. — 192c.: .

Byruxos «Ontuka», M., «Bricmias mxomna», 1986.
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B. A. Anemxkesuy, 1. ®. Kucenes, B. B. Kopuaxxkun «Jlazepsl B IeKIIMOH-
HOM 3KcrepuMenTe» M., 1985.

B. Jemrpénep «Jlazepnas cnekrpockonusi», M., «Hayxka», 1985.

Bikinenis. BinpHa ennuknonenis — [Enextponnuii pecype]. — Pexum no-
crymy: http://uk.wikipedia.org

J. Knadimpkep «CBepX4yBCTBUTENbHAs Ja3epHas CIIEKTPOCKOMHs», M.,
«Mup», 1986.

JmvutpieBa B.®. ®iszuka [Tekcr]: Hapu. moci6. /ImutpieBa B.®d.; —
K.:Texnika, 2008.- 648c.:i1.

W. A. Henyxmuii, A. H. Ana6ockuii «TexHrIecKasi TepPMOJIMHAMUKA M TETI-
norniepenayay, Kues, 1981.

Kanamyma JI. P. OCHOBM METOOMKM i TEXHIKM HaBYaJbHOTO (Di3UYHOrO
CKCIIEpUMEHTY : HaB4YanbHui mocionuk / JI. P. Kamanyma, B. I1. Mymsip — Jlyiek:
Bexa, 2009. — 428 c.

JI. A. Arees, B. K. Munocnasckuii, B. B. broxa, X. . Dnpamixab «Y4eo-
HBI€ IKCHEPUMEHTHI U JIEeMOHCTpaLuH 1o ¢u3nke», Xapbkos, MHcTHTYT MOHOKpH-
cramios, 2000.

JI. B. TapacoB «®Pu3uka MpoueccoB B reHepaTopax KOrepeHTHOro ONTHYe-
CKOT'0 U3Iy4eHusn», M., «Paauo u ca3b», 1981.

Maitep B.B. Ceer B onTnueckun HeomHOponHoi cperne [Tekcr]: yueOHbIe
uccrnenosanus. / Maitep B.B.; — M.: ®usmariur, 2007. — 232 c.

M. b. Bunorpanosa, O. B. Pynenko, A. I1. CyxopykoB «Teopus Bonu», M.,
«Hayxa», 1990.

Merouka HaBuaHHs (i3UKK B cepenHii mkoni — [ExexTpoHnuii pecypc]. —
Pexxum noctyny: http://fizmet.org/L6.htm

M. W. PabunoBny, /. U. TpybenkoB «BBenenue B Teopuro KonedaHuid 1
BoNH», M. «Haykay», 1984.

Opapuyk K. M. HaBuanbHuit Qi3nuHnil eKCriepuMEHT K OCHOBHHMH BUI
nismbHOCTI ipu BuBueHHi ¢isuku / K. M. Yopnwuii // Bicauk YepHiriBchbkoro Hamio-
HAJIBHOTO MeJIaroriyHoro yHiBepcutery. — Bumyck 89. — Cepis: [lenaroriuni Hayku. —
Yepuiris: YHITY. — 2011. — C. 466-469.

I1. Bepxe, U. ITomo, K. Bunans «Ilopsaok B xaoce. O AeTepMUHUCTCKOM
noaxone K TypoynentHocti», Yepemnosen «Mepkypuit-IIPECCy, 2000.

Oizuka : miApyd. s 7 K. 3arayibHOOCBIT. HaBd. 3aknaniB / [B. T
Bap’saxrap, C. O. [osruii, @. 5. boxxunoa T1a in.]; 3a pen. B. I'. bap’sxrapa, C. O.
Josroro. — X. : Bua-Bo «Panox», 2015. — 268 c. : in., ¢oT.
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INTPUMEHEHUE TEIIVIOBUAEHUA IJIA
JUATHOCTHUKHU DHEPTETUYECKOI'O

OBOPYJOBAHUA

Xapbkosckull HauyuoHabHbIl yHuUgsepcumem paduoaekmpoHUKU
Cm. K.A. 36apaxckuli
Pyk. doy. C.M. Mewkoe

[lo pesynbraTaM MHOTOJIETHETO aHAJIM3a IOBPEKACHHBIX U
JICMOHTUPOBAaHHBIX TpaHcopmaropoB cepun TM, mNpUMEHsSEMBIX B
VYkpauHe ObUIO YCTAHOBJICEHO HAIMYUE TPEX TPYII, OTIMYAIOMIAXCS IO
MeXaHNU3MaM SIBJIEHUH B U30JILNU:

1) CrabunbHOE COCTOSIHHE, HOPMAJIbHBIC BEJIWYHMHBI  tgO,
OTCYICTBUE BPEMEHHBIX M TEMIIEPAaTYpPHbIX M3MEHEHUN pa3psAHOU
akTUBHOCTH; 2) Arperatel B Bo3pacte Oojee 20 JyeT, y KOTOPBIX
buKCcHUpyeTcs U3MEHEHHE COCTOSHHS U30JSIIHUMU 110 tg(p, BO3PACTAIOIIUE OT
BpeMeHH, ycroiumBbie UP B M30JAIMH, HAIMYHE POCTA PACTBOPEHHBIX
ra3oB. Arperarbl HUMEIOT PHUCK MpoOOs, OJHAKO 3TO OOCTOSATEILCTBO
SABJIACTCA MTPOTrHO3UPYEMBIM, U HX MOXHO BOBpEMsA AEMOHTUPOBATDH,
3) I'pymna pucka. J{ns nanHoi rpymmsr (~5% oT o06Iero yucia) Ha GpoHe
HOpPMAaJIbHBIX 3HAUEHHUH tgQ, MPHU PE3KOM pPOCTE U CIaje TeMIIepaTyphl,
BO3MOXHBIX MEPEHAMPSIKCHUSIX PEANn3yeTCs JaBHHO-00pa3HOE pa3BUTHE
BeAyllee K TEPMOMOHH3AIMOHHOMY Mp000r0. YUHUTHIBasg CpOK paboThI
TMIOJIABJISIIOIIETO YUCIia TpaHc(hopMaTopoB B YKpauHe rpymia piucka pacTer
OBICTPBIMU TeMIIaMHU. DTO TpeOyeT YCOBEpIIEHCTBOBAHUE CYLIECTBYFOLIMX
W CO3/IaHHE HOBBIX METOJMK [0 pPaHHeMY OOHapyKeHHIO Je(EeKTHBIX
arperaros.

CoBpeMeHHBIE TEIUIOBH30PHl HMEIOT IMHUPOKYI0 BO3MOXKHOCTH
OTIpe/IeJICHNs] TEMIIEPaTypHBIX MapaMeTpoB. DTUMH 3HAYEHHs TEMIIEpaTyp
MOXXHO  WCIIOJB30BAaTh  JUIi  OICHKM  TEXHHYECKOTO  COCTOSHUS
TpaHCHOPMATOPOB U KOHTAKTHBIX CUCTEM.

TermoBueHNE TO3BOJISIET BBIACIUTh CICIYIOIIIEe HEUCIIPABHOCTH:

- BO3HMKHOBEHHE MArHHUTHBIX TIOJEeH pacceMBaHUS 3a CYET
HapyIIEHNs U30JSIIUH MarHUTONPOBOa (KOHCOJIH, IIMTMIBKY H T.I1.);

- HapylleHHs B paboTe CUCTEM OXJIaKAeHHS (MacjIOHAacOCOB,
GunbLTPOB);

- U3MEHEHUS BHYTPEHHEH LUPKYJISILUN Maciia B Oake;
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- HarpeBbl BHYTPEHHHUX KOHTAKTOB OOMOTOK C BBIBOJAMHU
TpaHchopMaTopa;

- BUTKOBBIC 3aMBIKaHHsI B 0OMOTKaX.

C nmnomompio TteruoBu3opa IRTIS-200 Okmo  mpoBeneHO
UCCJIEJIOBAaHUE TEMIIEpaTypHBIX TIIOJIEH CHJIOBBIX TpaHc(OopMaTropoB
TpaHC(OPMATOPOB U UX BHYTPEHHUX U HAPYKHBIX COCJMHEHUH.

TpchcI)bpMaTop Ne6 Tpauchopmarop Ne§
Puc. 1 — TepmorpamMMbl OJHOTHITHEIX TpaHcPopmaTtopoB TM-1200

JuarHocTuKy TpaHCPOPMATOPOB MPOU3BOIAMIN IO CIICAYIOUICH
MeTouke. Ha Tepmorpammax OBUTH BBIZCICHBI B OJMHAKOBBIX IIO
Iiomaan 30HBI B BerHeﬁ M HW)KHEH dYacTax arperatoB, Ha KOTOPLIX
onpexesuucy cpennue temnepatypsl  (Tgepx, Thmxn). Kpurepuem
nedexrHoctn Obu1 BeIOpaH mokazatenb AT = Tgepx — Thyxn. Kputepwmi
nedexrHocTn Tp-pa Ne6 Obu1 BeIOpaH 3a 3TanoHHBIH. [lo ykasaHHON
METOJIKe OBLTH 00pabOTaHBI TEPMOTPAMMBI 7 TpaHCPOPMATOPOB 3aBOJA
tdeppocmiaBos (. CTaxaHoB).

CornacHo TabiuIe MOXHO C/IeNIaTh BBIBOJ, YTO TPachOpMaTOpbl
Ne®, No9 HeoOxoaumo 0oJiee AeTaabHO MCCIEA0BATh IITATHEIMA METOAAMU
(M3MepeHue BENMYMHbI tg(Q U30ISAIHMN, XpOMOTOTpaduu, aHaIM3a Macia).

BaxHpiM oKa3aTelieM TEXHUIECKOTO COCTOSTHHS
SHEPreTUYCCKOTO O0OPYHIOBAHMS SBISIOTCS KOMMYTAIIMOHHBIC 3JIEMEHTHI
SHEepreTudeckoro  obopynosanusi [1]. MuoroseTHre  HaOIIOACHUS
MMOKAa3aJId, YTO JJIEKTPUYECKHE KOHTAKTHI HEMPEPHIBHO ACTPAAUPYIOT U
TpeOyIOT  perymsipHOd  TpPOBEpKH W  TIOITOMY  aIbTEePHATHBHI
TEIUIOBU3NOHHON IHAarHOCTHKE HeT. Brumn 00cienoBaHbl psii KOHTAKTHBIX
COCITMHEHUH, HEKOTOPBIE TEPMOTPAMMBI KOTOPBIX MPEIICTABIICHBI HA PHC. 2.
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Pe3ynpTathsl aHanm3a TepMorpamm no kpurepuio AT

Ne TpaHcgopmaTopa Tsepx, C Tamxn, C ATC
6 57,3 51,5 58
7 44,9 39,3 5,6
8 65,3 58,1 7,2
9 58,4 50,8 7,6
10 47,4 42,9 5,4
15 51,8 46,4 54

a) 0)
Puc. 2 — TepmorpaMMbl KOMMYTAIlIMOHHBIX 2JIEMEHTOB: &) IIMHHBIH
pasbeauHuTesns PBP 2000/10; 6) mMHBI HU3KOTO HAIPSHKEHHUS.

B pesyabrare aHaM3a MOJIY4EHHBIX TepMOTrpamMM
KOMMYTAIIHOHHBIX 3JIEMEHTOB OOHapyXeH psAa OOBEKTOB C HM3OBITOUYHOI
temmneparypoir 10-30 °C, uro cornmacHo [2] yka3biBaeT Ha pa3BUBIIHECS
nedexTsl, Ipu KOTOPBIX HEOOXOIMMO IPHUHUMATh MEPHI MO YCTPAHEHHIO
HEHCHPaBHOCTH IpH OJIMbKaiiieM BBIBOAE U3 pabOTHI.

OHepreTuyeckoe o0opynoBanue COJICPIKUT MHOECTBO
TEIUIOBBIIE-JSIIOIINX 00beKTOB. Temmneparypa JOMONHSET PsiJ KpUTEpUEB
paboTocmno-coOHOCTH TpachopMaToOpoB, UTO MO3BOJISET HA PAHHUX CTAIUIX
BBISBISITH Pa3BUTHE AE(PEKTOB, KOTOPHIE MOTYT NPHBECTH K KpPYHMHBIM
TEXHOTCHHBIM aBapHsM. MHOTOYHCIICHHBIE CBEJCHUS 00 3KOHOMHYECKOMH
5Q(EeKTUBHOCTH TNPHUBOAATCS TOJBKO B 3apyOS)KHBIX HMCTOYHHKAX.
TeHJ’IOBI/I[[eHI/Ie SABJISICTCS BaXKHEHIITUM HalpaBJICHUEM B pa3dBUTHUHU
SHEPIreTHUYECKOIl CUCTEMBI Y KpauHbI.

[1]. DBaxanos C.A. WH]ppakpacHas AMArHOCTHKA  3JIEKTPOOOODPY-HOBAHHS

pacrpenenuTeNbHbix yerpoiicts. M.: Duepreruk, 2000, 76 c.; [2]. P/ 153-34.0-20.364-00.
Meron MK auarnocTuku.
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PUJIbTPALIUSA 30H HEOJHOPOJHOCTH
U3JTYYAIOIIEN CIOCOBHOCTH METOIOM
30HHOM ®UJIbTPAIIMA B TEILJIOBOM
HEPA3PYIIAIOIIEM KOHTPOJIE

NUJINHAPUYECKUX OFBEKTOB
Xapbkoeckul HayuoHarsnbHbIlU yHU8epcumem paduo3areKmpoHUKU
Cm.: A.C. ®edopoe, A.IO. JlumeuHeHKO
Pyk. acc. A.B. Msizkul

OpnuuM u3 Haubosiee 3P(PEKTUBHBIX METOJIOB BBISIBICHHS JIe(eK-
TOB B TPYOax BHICOKOTO JMABJICHHUS WJIM Ta30MPOBOJAX SIBJIACTCS TCILIOBOU
Meroa. Tak kKak 3a cyeT pabodero BeuiecTBa 00JIAArONIero ONpeIeIeHHON
TEIUIOTOW Ha TIOBEPXHOCTH TPYOBI 0Opa3yeTcs XapaKTepHOE TeMIlepaTyp-
HOE TIOJIe, KOTOPOE U MO3BOJISICT BRISBUTH JE(EKTHI BBI3BAaHHBIC KOPPO3UeH
U KaBUTAIMEH , a TaK )K€ CHIKCHHE MX MPOXOJUMOCTH 32 CYET IOSBICHUS
MMOCTOPOHHUX 00pa3oBaHuil BHYTpHU TpYyOsI [1].

Ho Ha 10CTOBEPHOCTH TAKOTO METOa CEPHE3HO BIHUSIOT TCILIOBHIC
moJisi 00pa3oBaHHBIE HEOJAHOPOIHOCTSIMH Ha TIOBEPXHOCTH TPYOOIIPOBOJA,
HO WX KOMITEHCAIIUs TPeOyeT BBIICIICHUS X TPAHUI.

JUtis BEIIENEHUS Ha TepMOTpaMME HHTEPECYIOIIeH Hac 0O0JacTH
MPOU3BOJUTCA HOPMATH3AIKS BUAUMOTO U300PAXKEHHS C MIOMOIIBIO JBYX
pENEepHBIX TOYEK BBIICIICHHBIX HA TEPMOTPAMME U Ha BUIMMOM H300paXke-
Huu. Hopmanu3zamus HeoOxoanMa [T TOJIydeHHs 60ojiee TOYHOTO KOHTypa
WHTEPECYIOIIeH Hac 00IacTH Ha TepMOTpaMMe.

[Mocne »Tama MOATOTOBKH M300paKCHHU BEHICIAIOTCS PEICPHBIC
TOYKH Ha BUIAMNMOM HW300paKCHHH BHYTPH KOHTYpa HMHTEPECYIOLICTO HAcC
00BeKTa. DTOT 3TAI MPOU3BOIUTCS M Ha TepMmorpamme. [locie atoro mpo-
HCXOJUT IMEPEHOC KOHTYpa C BHIUMOIO H300paKEHHS HA TEpMOTpaMm-
my(puc.1).

C moMOIIBI0 TMONYYCHHOTO KOHTYypa HWHTEpecyromero oOBeKTa
MOJIE30BAaTENIh MOXKET POAHATN3UPOBATh JAHHBIH 00BEKT HA HATHIUE ITHX
30H UCIIOJIB3YS €0 TeMIepaTypHbIC TTOKA3aTEIH.

B wuccrenoBanusx ObUTH UCIIOIB30BAHBI METOI MEIHAHHOMN (DUITh-
tpauu 1 metoq SUSAN[2] .

JanHas GuapTpays MoAaBuUia TEKCTYPY M YIIPOCTHIIA IOCIENy-
IoIIyIo 00paboTKy. Pe3ynmpTar mpu 3pHTENbHOM aHaNHM3e HE MPOU3BEN 3Ha-
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YUTEIBHBIX H3MEHEHHUH, OTHAKO HEOOXOIUMOCTh 3Tana (GuibTpanuu oyaet
IIOHATHA J1ajee.

Puc.1-®oto o6bekra (a),Pe3ynbraT 00paboTKH H300paXKEHHS OTIEPATOPOM
Po6eptca nocie punbrpanuu (0)

CrenyolmuM 1IaroM OpU TOATOTOBKE BHIMMOTO HM300paXKEHUs
SIBIISIETCSI BbLAENEHHE KOHTYPOB. CyIIECTBYET PsiJi METO/IOB MO3BOJISIOIINX
BBIJICTIUTH KOHTYP HAa BUAMMOM H300paKCHUHU: METO]] aKTUBHBIX KOHTYPOB,
oneparop Pobeprca, onepatop Jlamtaca, pasHOCTHBIH MeTon. B pa3pabo-
TAaHHOM TIPOTPaMMHOM MpPOJIYKTE IpeacTaBieH Merox Pobeprca m pas-
HocTHBIM Merton. Ilepen oOpaOoTko# HM300paXkeHUs! NaHHBIMH METOJaAMHU
HEOOXOAMMO MPOM3BECTH MPEABAPUTEIbHYIO (QUIBTPALUIO METOI0M
SUSAN. Pesynbrar ucnonb3oBanusi onepatopa PoOeprca Ha oOpasele
TpyOsI [lepen Hagamom pabOTH anTopuTMa HEOOXOAUMO TPOBOIUTH (DHITH-
TpaIyio, a0bl YMEHBIIUT JAUCKPETU3AINIO 30H CIIaXXeHHYI0 (QrubTpamu-
e, mpuyeM He3aBUCHMO OT TOT'O KaKUM METOJOM OyIeT OCYIIECTBIIATHCS
BBIJIEJICHHUE KOHTYpa.

Ha nanHOM sTamne anropurma peain3oBaHa (QYHKLUS HAJIOKEHUSL.
OHa MO3BOJIIET COBMEMIATh OTQIIBTPOBAHHOE H300paKCHHE C TEPMO-
rpamMmoii oObekTa. PesymbraT paboTHl 3TOM (YHKIMH TPEACTAaBICH HA
(puc.20)).

OnucaHHBIH aNTOPUTM ITO3BOJISIET TPOU3BOIUTE 00pabOTKY BHUIH-
MOTO H300pa)XEHUsI C JANTBHEHWIIIMM COMOCTABJICHHS €r0 C TEPMOTPAMMON,
YTO TIO3BOJISIET KOMIIEHCHPOBATh ITOMEXY (puc.3).
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Puc.2. HauansHas Tepmorpamma (a), Hasoxxenne ¢uibstpa (0).

= 162.2
157.4

H 152.5
147.6
a0 142.7
137.9
133.0
100 128.1
123.2
118.4
150 113.5
108.6

163.7

98.9

200 94.0

89.1
84.2

50 100 150 200 250

79.4

Puc.3- Hanosxxenune n3o0paxenuit repmorpapuyeckoro u oThUIbTPOBaH-
HOTO.

Jlumepamypa:

1. Cropoxenko B.A., Mamuk C.b., Msarkuii A.B. OnTumusanust pexxuMoB TEIIOBOK
Je(heKTOCKOIMH Ha OCHOBe Terutodusndeckoro Moxenupoanus // XapkiB: HTY «XIID» — Ne48.
—2008. - C. 84-91

2. TI'apsuenckas JI.B., Illeuenko M.A. CoBpeMeHHbIE TEIUIOBU3OPHI I TEMIOBOIO
KOHTpPOJIS KauecTBa. — AKTyaspHi npobnemi Qi3suku Ta ix iHdopMmariiie 3abe3rnedeHHs: Te3n
nonoineit XI perion. cryn. Hayk. koHdep. / Xapkis: HTY «XITH», 2011. C.82-83.

3. Optimization of the procedure of thermal flaw detection of the honeycomb construc-
tions by improving the accuracy of interference function. / Volodymyr Storozhenko, Aleksandr
Myagkiy, Roman Orel. // Eastern-European Journal of Enterprise Technologies. 5/5 ( 83 ) 2016.
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INOBBIWEHUE JOCTOBEPHOCTHU INTPOLEAYPbI
TEILIOBOH JIE@GEKTOCKOIIMU OFbEKTOB

C HEOJITHOPO/THOM PETYJISIPHOM CTPYKTYPOH
XapbKo8CKuUll HayUOHabHbIU yHU8epcumem paduoaieKmpOoHUKU
Cm.: A.O. Kpyanoea, M.O. Boriokuma
Pyk. acc. A.B. Mszkui

CoToBBIE  KOHCTPYKUMM  SBISIIOTCS  OJHMM W3  Hauboiee
pacnpoCTpaHEHHBIX ~ KOHCTPYKIMOHHBIX ~ MaTepHajoB B  aBHAIMH,
KOCMHUYECKOW TEXHMKE W JpPYrHMX OTpaciisiX, TIJe K HaIeKHOCTH
KOMIUICKTYIOHNIUX NPEABABIAIOTCA IMMOBBINICHHBIC Tpe6OBaHI/IH.

W3BecTHO, 4uro 1 BBIABICHUS JE(PEKTOB  NEPCHEKTUBHO
MpUMEHEHHEe aKTHBHOTO MeETOJa TeIUIoBOTO KoHTpous [1,2], KoTopsrit
coyeraeT B ceOe BBICOKYIO YyBCTBHTEIBHOCTh K OOHApY)KEHHIO MOJOOHBIX
J1e(peKTOB C BHICOKOH YyBCTBUTEIBHOCTHIO KOHTPOJIS

OnHako peayn3oBaTh NOTEHLIUAIBHBIE BOBMOXKHOCTH 3TOT0 METO/a
Ha TPaAKTHKE HE ynacTcd, B CJIICACTBUH, 3HAYUTCIBbHBIX TIOMEX,
0OyCIOBIICHHBIX ~ HEOJHOPOAHOCTBIO  H3JIy4aTeIbHOH  CIIOCOOHOCTH
MOBEPXHOCTH COTOBOM CTPYKTypbl M TIOMEXH 3a CHYET MPOSBICHUS
PETYISIPHOM CTPYKTYpPHI 00pasia.

Henpto  HacTOAmMX  HMCCIEAOBAaHUN  SIBISJICS  IOMCK  ITyTed
MIOJIABJICHUS] YKa3aHHBIX [OMEX 32 CUET CO3/aHHs alrOPUTMOB 00pabOTKH
TEPMOTpaMM  HOJYYEHHBIX B  pE3ydbTaTe IPOBEICHUS TEMIOBOTO
HEpa3pyIIaomero KOHTPOJIS.

Jast JOCTHXKEHUS LeNu HCIIOJIb30BAJICS TEOPETHKO-
9KCTIEPUMEHTAJILHBIA TOJX0JI, coueTaromuii B cebe mocrpoeHune B cebe
MOCTPOCHUE M aHaJM3 TEIUIO(PHU3MYECKOH MOJIEN COTOBOW CTPYKTYPHI H
MPOBEJICHHUS KCIIEPUMEHTA Ha PEeaIbHBIX 00pasiiax ¢ aeeKTaMu.

Opnnoli w3 HamOoJiee BIMSIONMIMX Ha W300paKeHHWE IOMEXOH,
SIBISIETC  TIOMEXa BbI3BAHHOM BHYTPEHHEH pPEryqsipHOW CTpPYKTypoil
o0Opa3iia KOHTPOJS, TaK KaK HE 3aBUCHT OT COCTOSHHS (ICQEKTHOCTH)
oOpaslila M TIPUCYTCTBYET BO BCEX H3/CNUSAX BIIOXHON BHYTpEHHEH
CTPYKTYpHI (puc. 1).

CymiectByeT nBa Hauboyiee MPOCTHIX M 3(M(HEKTUBHBIX METOMIa
ycTpaHeHus 3Tod nomexu. [lepBelif MeTO MOApa3yMeBaeT TOUHOE 3HAHUE
PETYISIPHBIX HEOJHOPOJHOCTEH O0O0BEKTa KOHTPOJS M CO3JaHHE MAacKU
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(1300pakeHue MOBTOPSIOIIEE HEOJJHOPOTHOCTH oOpasua). C
TIOCITEIYFOIIIAM €0 «BBIYMTAHHEM» M3 OCHOBHOTO M300paKEHHSI.

Puc.1 CotoBas crpykTypa ¢ 1e()eKTOM U IIOMEXOH.

HenocraTkoMm Takoro mMerona SBJIAETCS TO, YTO B CIydae OLIMOKH
HaJIO)KEHMS M300pKEHUI MPUBOAUT HE K YMEHBLICHHIO, & K YBEIHYCHUIO
MIOMEXH.

B nanHHOl paboTe MCHOIB30BaCS BTOPOH METOJ 3HAYUTEIHHO
MEHE yHHBEpCAIbHBIH, HO B JTaHHOM ciy4yae Ooinee addexTuBHbINA. Peun
UJET O YCPeIHEHHU TEMIIEPaTypHOIO IIOJIA 110 30HAaM JIMHEHHBIE pa3sMephl
KOTOPBIX PaBHBI TOJIIMHE CTEHKH COTOBOH KOHCTPYKIMH. Mcrmonp3oBanme
MOJJOOHOTO METO/Ia CHWXXAET YPOBEHBb MOMEXH OoJiee yeM B 3 pasa, HO NpH
9TOM HEMHOT'0 MCKa)XaeT TeMIIepaTypHoOe IoJie B 30He aeiictBus. Criemyer
3aMETHTh, YTO OTH MCKAKEHUS HE3HAYMTENIbHBI 110 CPaBHEHHIO C
paccMarpuBaeMbIMH ~ OOBEKTaMH, YTO  3HAYMTENHHO  YBEIUYUBACT
TEMIIEpaTypHbIil  mepermag Mexay JAeQeKkTHbIM u  Oe3nedeKTHbIM
y4acTKoM.(puc 2)
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n so

40

30

20

50 100 150 200 250

Puc.2 KoneuHslif BU TepMOTpaMMEI TTOCIe 00pabOTKH.

210 CO34aC€T BCC HNPCANOCBUIKM JId TOTIO, 4yTOOBl B YCIOBHUAX
Mmpou3BOJACTBA OT BHU3YAJIBHOI'O MCTOJA I/I,HGHTI/I(I)I/IKEIHI/II/I I[e(i)eKTOB
nepeﬁTn K aBTOMAaTU3UPOBAHHOMY, OCHOBAHHOMY Ha COOTBETCTBYIOUIUX
TEXHUYCCKUX CpEACTBAX.

Jlumepamypa:

1. Cropoxenko B.A., Mamuk C.b., Msarkuii A.B. OnTuMmu3samus pexxuMoB
TEIUIOBOH JIe(h)eKTOCKOIHMU Ha OCHOBE TEITO(U3HIESCKOro MoienupoBanus // BicHUK
HanioHanpHOro TeXHIYHOrO yHiBEpCUTETY «XapKiBCbKUI MOMITEXHIYHUH IHCTUTYTY.
36ipHUK HayKoBHX Ipaib. TemaTnuHuil Bumyck: [Ipumagu i Meroau HepyHHIBHOTO
koHTpoto. — Xapki: HTY «XITD» — Ne48. — 2008. — C. 84-91.

2. Xavier P. V. Maldague. Theory and Practice of Infrared Technology for
Nondestructive Testing. - John Wiley & Sons, Inc., 2001, p. 684.

3. Optimization of the procedure of thermal flaw detection of the honeycomb
constructions by improving the accuracy of interference function. / Volodymyr
Storozhenko, Aleksandr Myagkiy, Roman Orel. // Eastern-European Journal of En-
terprise Technologies. 5/5 (83 ) 2016.
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INPUMEHEHUE TEPMOI'PA®UN
IS UCCIIEAOBAHMUSA TEIIVIOBBIX PEKUMOB

KOMIIBIOTEPHBIX BUAEOILJIAT
XapbKosCKuli HayUOHalbHbIU yHUsepcumem paduo3/IeKmMpPOHUKU
Cm.: [].B. CaeHko, A.B. Kamkoe
Pyk. douy. P.I1. Opén

Tepmoepagpua — 3mo 0O0un u3 U008 HePA3PYUAIWe20 KOHMPOA,
npu KOMOPOM NPOU3BOOUMCA OUASHOCTNUKA 6 UHpparkpacHou obracmu
cnekmpa ¢ nomowbio menjiosusopa u HaOnooenue OUHAMUKY MeENnIoBbiX
npoyeccog. TeroBU30pbl PETUCTPUPYIOT TEIIOBOE M3JIy4EHUE MTOBEPXHO-
CTU KOHTPOJHUPYEMOTO O6’beKTa " OpCACTaBJIAIOT MOJYYCHHBIC JaHHBLIC B
BUJIe U300paXKEHUH — TepPMOTPaMM, MO3BOJIIOIINX JIOKAIN30BaTh 001aCTH
¢ pasnmuuHsiME Temieparypamu [1]. TemtoBoi pexuM 3MeKTPOHHBIX KOM-
TIOHEHTOB SIBISICTCA OJHHM M3 ONpeleiAomux (HakTopoB UX paboTocmo-
coOHOCTH. BONBIIMHCTBO (M3MYECKUX INPOIECCOB, CBSA3aHHBIX ¢ pabOTOM
Pa3NIMuHbIX TUIAT, SBJSIFOTCS TEPMUYECKH AKMUBHbIMU, TO €CTh C MX Teue-
HUEM HaOJIOACTCsl HArpPeB OIpPEAEICHHBIX YYaCTKOB M KOMIIOHEHTOB Ija-
oI [2].

B mpomecce TEIIOBOro KOHTPOJsSL OBUIM HCCIEHOBAHBI TPH BH-
JCOIIaThl C PAa3IMYHBIMH XapaKTEPUCTUKAMH Pa3HBIX JET U3TOTOBJICHHUS.
OKcHepyMEeHTaNbHBI MaKeT BKIIOYal B ce0s MAaTEPUHCKYIO IJIaTy C MOA-
KJIIOUYEHHBIMU K HEH BCEMHU HeO6XOI[I/IMBIMI/I KOMIIOHCHTaMH1, B KOTOpOﬁ
yCTaHaBJIMBAJIACh MCCIeayeMasl BUISOIUIaTa, TeIIOBH30D ISl pETHCTPALH
TepMorpamMM U IudpoBoi Qoroanmapar. Llensio nccnemoBaHmid SBISIIOCH
HoJTy4eHHe HHPOPMALUK O TCIUIOBOM COCTOSIHUHM BBIOPaHHBIX BHACOILIAT,
KOTOPbIE MMEJIM MTaCCUBHOE OXJIAKIECHHUE, B HECKOJIBKUX PEKMMaxX padoTHl,
a IMEHHO:

1. Ge3 3amycka Kakux-Jim0o rpadMuecKux IpHIOKEHUH;

2. TIpH 3aITyCKE CIIOKHBIX IpauuecKux MPHIOKEHUH (KOMIBIOTEP-
HBIC UTPHI);

3. mpu 3amycKe CHIELHATBHBIX MPOrPaMM, HArpy)XarOLUIUX BHICOYHIT
Pa3IMYHBIMU 33J]a4aMH, 3aCTaBJIsIsl €M0 MHTEHCUBHO HAarpeBaThCsl.

Jns BU3yanu3anuu TEIUIOBBIX MOJIEH M AWCTaHIIMOHHOTO Ompeese-
HUSL TEMITEPaTypbl BHACOILIAT HCIOJb30Bayicsa TemioBuzop MPTHUC-200,
KOTOPBIl T03BOJISIET M3MEpATh abCONIIOTHBIE TEMIIepaTypbl M oOiamaer
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YYBCTBUTEIHHOCTBIO K Mepenany Temmnepatyp He 6oiee 0,05 °C Ha ypoBHE
30 °C u norpenrHocThIO He O0Jee 1% 0T U3MepsAeMOoro Auarna3oHa.

AHaIIM3 TOJYYCHHBIX TEPMOTPaMM pPabOTHI IUIAT MO3BOJIMI JIETKO
BBISIBUTH O0JIACTH C TTOBBINIEHHBIM TETIJIOBBIJIENICHUEM, KOTOPBIMH SIBISIET-
csl, TIPEXJie BCEro, BUJICOYHMII, @ TAK)KE AIIEMEHThl BTOPUYHOTO HCTOYHUKA
MUTaHUS U MUKPOCXEMBI MaMATH (CM. PUCYHOK).

e
Bunumoe nzobpaxenue Tepmorpamma

CnemyeT OTMETUTh, YTO TOJNBKO OJHA U3 TECTUPYEMBIX BHUICOILIAT
paboTana B HOPMaJIbHOM TEIJIOBOM PEXMME 0€3 aKTHBHOTO OXJIAXJICHUS,
BTOpasi — Ha TPAHUIIEC AOIYCTHMOTO TEMIIEPAaTYpHOTO IHaIa30Ha, a y Tpe-
TheH cpabaTpiBaa MporpaMMa aBapuHHOTO OTKIIIOUCHHMS, IPUUUHON 4Yero
SIBJISUICSI aHOMAJIBHBIN TeperpeB Buaeouuna. TakuMm o0Opa3oM, HCIOJIb3Ys
TepMOTpadUIecKUi METOJ, MO’KHO JOCTATOYHO IIPOCTO OIPENEeIUTh HEOoO-
XOANMOCTh HNPUMEHEHHUS JOMOJIHUTEIBHOTO OXJIAXKICHUS M KaKOro MMEH-
HO.

Bo Bpems 3kcneprMeHTaNbHBIX WCCIIEI0OBAHHMA, KOTOPBIE TIPOBOAH-
ek Ha kadenpe ¢pusukun XHYPD, Obuti moaTBepKJIeHBI OCHOBHBIE TIpe-
MMYIIECTBA TEPMOTPa(UIECKOro METO1a TaKHe KaK: HarJIsAHOCTh, IPOCTO-
Ta, 3Q(HEKTUBHOCTH M BHICOKHI YPOBEHBb OBICTPOICHCTBUS.

Crniucok numepamypel.

1. Macnosa B.A, Ctopoxenko B.A. Tepmorpadus B JTHarHOCTHKE U
HepaspylaroneM KoHTpouie. XapbkoB: «Kommanus CMUT», 2004. — 160c.

2. Cropoxenko B.A. Mamuk C.b. [Ipumenenue tepmorpaduu s
KOHTpOJIA NeyaTHbIX Tiatr / TexHudyeckas TMarHoCTHKa M Hepaspyliaroni
KoHTpoub, Nel, 2007. — ¢.28-31.
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HNCCIEJOBAHMSA TEIIJIOBOI'O IIOJIA

HUHTEJEKTYAJBHOI'O 3APSAIHOI'O YCTPOMUCTBA
XapbKkosckuli HayuoHasbHbIl yHUgepcumem paduosieKmpPoHUKU
Cm. T.U. NaeneHko
Pyk. douy. P.I1. Open

[Iupokoe pacrpocTpaHeHHE B JHArHOCTUKE 3JIEKTPOOOOPYIOBaAHHS
MOJy4MIIo TersioBuaeHue. VH(pakpacHoe H3IyueHHE BechbMa CoJepikKa-
TEJIbHO € TOYKU 3PEHUsI JUArHOCTUYECKOH HH(OpMALUU O TEXHUYECKOM
cocTosiHMM 00bekTa. BO3MOXKHOCTB IMOJIydeHHs IIOBEPXHOCTHOTO pacipe-
JICTICHUS] TEeMIIEpaTypHOTO MOJs 0e3 Kakoro-Jmbo BO3JEHCTBUS Ha camo
yCTpOﬁCTBO IIO3BOJIACT BBIABIATH MHOTHEC I[e(beKTbI, B YaCTHOCTH, MEpe-
IpEeB BHEIIHUX COCJMHEHHH, OpaK Mailku, BBIXOJ M3 CTPOS COCTABIISIOLIMX
3IIEMEHTOB.

TennoBu3op — 310 MPUOOP, CIIOCOOHBIN MPEAOCTABUTH JAHHBIC TETI-
JIOBOTO IIOJISI HCCIIEAYEeMOTo 00BEKTa B BHJE TepMOTrpaMMbl. Crienuanusu-
pOBaHHOE MPOrpaMMHOE 00ECIeYeHUs] HA OCHOBAaHUU TEPMOTPaMM MO3BO-
JSIET OTCISKUBATH TEMIIEPATYPHBIE MTOKA3aTeNd YCTPOUCTBA, PaCIIONOKEH-
HOTO B TI0JI€ 3pEHHS TEIUIOBHU30pa. DTO SIBISICTCS] BECOMBIM apTyMEHTOM B
noib3y 3(Q(GEKTUBHOCTH [JAHHOTO METOJa [IHATHOCTUKU 3JICKTPOHHBIX
cxeM. beckoHTaKkTHBIN croco0 ANArHOCTHKH TTO3BOJISIET IPOBOIUTD Jedek-
TOCKOIIMIO YCTPOMCTB B aBTOMAaTHYECKOM pEXHME MNpU IMOMOIIU Ipo-
rpaMMHOTO o0ecredeHust CHocoOHOTO Paclo3HaBaTh OTKIOHEHHUS B TEPMO-
rpamMMe 110 CPaBHEHHMIO C STAJOHHBIM H300paxenueM [1].

B nanHO# paboTe mpencTaBieHbl Pe3yNbTaThl TEMIIOBOIO KOHTPOJIS
MOPTATHBHOTO HHTEJUICKTYaIbHOTO 3apsIIHOTO YCTpOUCTBA
La Crosse BC-700, ¢ ueTbIppMs HE3aBUCUMBIMH KaHaJlaMu 3apsiia/paspsiaa
. Jng TemnoBoro KOHTPOJIs ObUT Ucmoib3oBaH TemwtoBusop MPTUC-200,
YYBCTBUTEIBHOCTD K MEpenaay TeMrneparyp KoToporo Ha ypoBHe 30 °C He
6omnee 0,05 °C m morpemHocTh He Gonee 1% OT M3MepseMOoro auamaso-
Ha [2].

B pesynmberate psga SKCIEpUMEHTOB OBLTH MTOJYYCHBI TEPMOTPAMMEI
(DYHKIIMOHUPYIOIIEro YCTPOHCTBA MPH PA3IMYHBIX PEKUMAaX HKCILTyaTalHH.
Ha pucyHke nokazaHo BHIUMOE H300payKeHHE U TEpMOTpaMMa yCTPOHCTBa
B peXHUME 3apsaa aKKyMyJIsTOpHBIX OaTapedt TokoM 700 MA, pacrionoKeHb
B crorax 1 u 3. Ha repMorpamMmax OTYETJIMBO BUIHBI MECTa PACHIOIOKESHUS
CHJIOBBIX DJIEMCHTOB CXEMBI Pa3IMYHBIX KAHAIOB, X CTCIICHb 3arPyKECHHO-
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CTH, a TaKKe IMHAMHKA TCIUIOBBIX mporieccoB. Tak kak La Crosse BC-700
SIBJISIETCS 3apSIIHBIM YCTPOWCTBO C HE3aBHCHMBIMH APYT OT Jpyra KaHaia-
MH, MBI MOX€EM HaOIIFoIaTh OTIENbHBIC YUaCTKH C TIOBBIIIEHHON TeMITepa-
TYpOii, COOTBETCTBYIOIINE HATUIHIO aKKYMYJSITOPOB B JAHHBIX KaHAJaX.

dororpadus u TepMOrpaMma 00bEKTa HCCICIOBAHHUS

B pesynbrare sKCIIepUMEHTa BBISBICHO, YTO TPH 3apsAAKE U pa3psii-
K€ aKKyMyJIsTOPOB MPOUCXOAUT HATPEB PA3IUYHBIX 2JIEMEHTOB CXEMBI O-
HOTO KaHaJjla, ¥ CTENleHb HarpeBa OIpeessieTcss BEIOpaHHBIM TOKOM B CO-
OTBETCTBYIOIIEM pexXuMe. M3 MoNydeHHBIX Pe3yabTaTOB MOKHO CleNIaTh
BBIBOJI O TOM, YTO MPEICTABICHHOE 3apsTHOE YCTPOWCTBO HE HYXJaeTcs B
JIOTIOJTHUTENIFHOM OXJIAKACHUN JaXKe C yI€TOM CHATON KpbImIKH. Jaxe npu
CaMbIX HarpyXeHHBIX PEeKHMax TeMIlepaTypa CHIIOBBIX 3JIEMEHTOB HE Ipe-
Bhimana 39 °C. B pe3ynbTare UccleOBaHUN HUKAKUX aHOMAJbHBIX TEMIIE-
paTypHBIX YYacTKOB Ha IUIaTe HE BBISBIIEHO, TEMIlepaTypa B Ipefenax A0
45 °C saBnsieTcs HOPMAJIBHOW ISl JAHHOTO THUIIA YCTPOMCTB.

[IpumeHNMOCTh GECKOHTAaKTHOTO TEIIOBOTO KOHTPOIS 3IEKTPOH-
HBIX YCTPOICTB M €r0 IOCTOWHCTBA MOATBEPKIACHBI SKCIIEPHMEHTAIEHBIMHA
nccIe0BaHUAMH, ITPOBEACHHBIMU Ha Kadenpe ¢puznku XHYPO.

Cnucok numepamypei:

1. Macnosa B.A, Cropoxenko B.A. Tepmorpadus B THarHOCTHUKE W He-
paspymaromem koutposne. Xapbkos: «Komnanus CMUT», 2004.-160c.

2. Kowmmanusa «IPTUC» — Bemymmit Poccuiickuii Mpon3BouTeNb HHOPA-
KpacHBIX TNPHOOPOB MIs BU3YalIM3allMd W WM3MepeHHs TemwoBbix moieif, URL:
http://www.bnti.ru/des.asp?itm=1258&tbl=10.01.05.
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CIIOHTAHHBIE IEPUOIUYECKHUE CTPYKTYPbI B

TOHKHUX IIVIEHKAX AgCI-Ag
XapbKoscKkuli HayuoHarnbHbIlU yHugsepcumem um. B.H. KapasuHa
Cm. Yeuyenerko O.B.

Pyk.: doy. Cas4yeHko E. M., cm.np. Jlbimapb B.J.

JanHas paboTa HOCBAIICHA H3YyYEHUIO YHHUKAJIBHBIX CBETOUYB-
CTBUTENBHBIX CBOIMCTB TOHKHX IUICHOK XJIOPHCTOTO cepedpa C IPHMECHIO
rpanyisipHoro cepebpa (mrenkn AgCl-Ag). JloGaBieHne rpaHyIApHOTO
Ag B AgCI mpuBOIMT K MOSIBICHUIO CBETOYYBCTBUTEILHOCTH BO BCEM BU-
muMoM u omxaeM MK nnanazone cniekrpa. [Ii1eHKkH HaHOCHITHCH METOZOM
BaKyyMHOTO TEPMUYECKOTO HCIapeHus. Ha NoJMpoBaHHYIO MOJUIOKKY
nanocuics AQCl (quoiexTpuK), Ha KOTOPBIA HAIBUIIICA TOHKHM CIOH ce-
pebpa (metamn).

[lpun oOnydeHMM Ja3epoM B TaKMX IUICHKaX MOTYT BO3HHUKATh
CHJIbHBIE MHTEP(QEPEHIIMOHHbIE OCHMIIALUN B OTPRKEHHOM M IPOXOJs-
IIeM CBETE, KOTOPBIC MIPU ONPEEIICHHBIX YCIOBUAX 00ECIIeUnBaIOT BOJIHO-
BOJIHO€ PAcCIpOCTpaHEHHE CBETa BHYTPH IUICHKHU. [Ipu 3TOM Habiromaercs
obpa3oBaHre COHTaHHBIX nepuoamdeckux cTpykryp (IIC), cBs3aHHBIX ¢
BOJIHOBOJHBIMH CBOMCTBaMH IUICHKH. DTH CTPYKTYPBI IPEICTaBIAIOT CO-
6011, B o0mIeM ciydae, HecOBEpIIEHHbIEC TU(PPAKIMOHHBIC PEIIETKH, IITPH-
XU KOTOPBIX 00pa3oBaHbl YacTUIIAaMU cepedpa. VX HecoBepleHCTBa Mpo-
SBJIAIOTCSA B TOM, YTO BEKTOp peleTkd K mmeer pa3bpoc OTHOCHTENBHO
MIPEUMYIIECTBEHHOTO HaIlpaBiIeHus, 3a1aBaeMoro BekropoM E nmHeiHOM
MOJISIPU3ALMY 00yYaroLIero MyyKa.

3ameuarenbHOi ocobeHHOCTRIO IIC sBNsieTCs WX CBSA3b C TAaKUMH
rapaMeTpamH, Kak TOJIIMHA IUIEHKH, TI0Ka3aTeNl IPEeTOMIICHUS TUICHKH U
OKPY)KAOIIUX Cpell, JNIMHA BOJIHBI, MOJIAPU3ALUs, a3UMYT JTMHEWHOH 1MOJIs-
pH3alMy, Yroil MaJeHus 00MydaloIero my4yka. JTa cBA3b ONpEeAeseT LIH-

POKHE BOZMOXKHOCTH JUId pakTudeckux nmpuMeHerui I1C.

Jlumepamypa:

1. Arees JI.A., Munocnascekuii B.K., Dapamxad X.U., Bioxa

B.b. Y4eOHbIe dKCIIEpUMEHTHI M JIEMOHCTpAIIMH 110 ONTHKE. Y4eOHOe IOo-
cobue.-XappkoB: XHY, 2000.- 262c.
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BEHMBJIET-AHAJIN3 ®PAKTAJIBHON CTPYKTYPBI

BAPI/IAIII/H71 MAT'HUTHOI'O IIOJIA 3BEMJIU
XapbkoscKkuli HayuoHarnbHbIlU yHUsepcumem um. B. H. KapasuHa
Cm. E. A. PycaHoea
Pyk.: npogb. O. B. JlasopeHko

MaruuTtHOE ToNIe 3eMJIM MOCTOSHHO HAaXOIWTCS IMOJ MOIIHBIM
BO3ICMCTBHEM IIOTOKA IIa3Mbl COJHEYHOTO BeTpa. Maraurocdepa — 00-
JacTh OKOJO3EMHOTO KOCMHYECKOTO IPOCTPAHCTBA, 3aHUMaeMasi MarHHUT-
HBIM TOJIEM 3eMJIM — OTPAaHMYMBACTCSA MAarHUTOMNAy30il. MarHuTomnaysza —
3TO BHEIIHSSA IPaHUIlda MarHuTOoChepsl 3eMiH, Ha KOTOPOi THHAMUYECKOE
JTaBJICHUE COJIHEYHOTO BETPa YPaBHOBEIINBACTCA JABICHHEM COOCTBEHHOTO
MarHuTHOTo mois. Marautocdepa SBISETCS BaKHOM 4YacThIO OTKPBITHIX,
HEJWHEHHBIX, JMHAMHUYECKUX CHUCTeM 3eMilsi — aTMocdepa — HOHOChepa —
MarauTochepa u CoiHIle — MEKIUTAHETHAS cpefia — MarHuTocdepa — HOHO-
chepa — 3emurs. [TpuynHON BO3HUKHOBEHHUS KPYIMHOMACIITAOHBIX M TJIO-
0aJbHBIX BO3MYIlEHHH B MarHuTocdepe SBISETCS BO3JCHCTBHE Ha Hee
MOIIIHBIX. HECTAIIHOHAPHBIX HCTOYHIUKOB HEPTOBBIICIICHHS, MEIOUTIX KaK
HCKYCCTBCHHOE (MOITHBIC B3PBIBBI, CTAPTHI U MOJIETHI paKeT, HECTAIIHOHAP-
HOE DJICKTPOMArHUTHOE H3ITy9eHUE U JIP.), TaK U €CTECTBCHHOE (3EMIICTpsI-
CEHMsI, B3PBIBBI BYJIKaHOB, TCOKOCMHYECKHE OYypH, MaJCHUE KOCMHUYECKHIX
TeJ U T. I1.) IpoucxoxaeHue. CoriacHO HeJMHEHO napaxurme, chopmy-
mupoBarHor mpod. JI. @. UepHoropom (XHY ummenu B. H. Kapasuna,
YkpanHa), MHOTHE TIPOIECCHl B TAKMX CHCTEMax, 00J1afas 0COO0H CI0XKHO-
CTBIO M Pa3HOOOpa3meM, OKa3bIBAIOTCH HEIWHEHHBIME, CBEPXIIMPOKOIIO-
JIOCHBIMH U (paKTanbHbIMHE [1].

Tepmun «hpaktam» TPOUCXOTUT OT aHriuiickoro «fractionaly —
OpoOHbLIL WK JTATHHCKOTO «fractus» — Opobnéuviil, cromannwiil, pazoumotil.
ITepBoe ompenenenne Qpakrana 010 AaHo b. ManaensO6potom B 1975 1
[2]. Ha ceromHs Hamboiee yHAadYHBIM TIPU3HACTCA  OIpEICIICHHE

K. ®ankonepa (1990 r.) [2]. Cormacuo Hemy muokectBo A HaspiBaeTcs
(paKTATOM, €CIH CPeIH ero CBOMCTB MMeroTcs Takue: 1) muokectBo A
HUMEET TOHKYIO CTPYKTYPY, TO €CTh OHO JCTaM3UPOBAHO Ha HAMMEHBIIHX
macmrabax; 2) MaoxectBo A sBasercs nocratouno HeperymspHoit cTpyk-
TypOH, 9TOOBI €e MOXHO OBLTO OBl OMHUCATh TPATUIIMOHHBIMU T€OMETpHYIE-
ckumu criocobamu (reometpun EBknma wmn JlobadeBCKOTo U T. 1.) Kak Ha
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JIOKaNTbHOM YPOBHE, TAK M Ha YPOBHE BCeil CTPYKTYpsI; 3) MHOxkecTBy A
CBOWCTBEHHO caMoIio100Me KaK B MPHONN3NTEIHHOM BHUJIE, TaK U B CTaTH-
CTMYECKOM. DJTO ompejelieHne ynoOHO, B YaCTHOCTH, TE€M, YTO IO3BOJISET
paccMmarpuBaTh 00BEKT KakK (hpaKTaj He TOJIBKO, KOI/Ia OH XapaKTepU3yeTcs
OJIHUM 3Ha4eHHEeM (paKTaIbHON pa3MepHOCTH (MoHOGpaxmarn), HO U KO-
rAa Js 3Toro Tpebyercs OoJbliee YHCIO0 TAKUX 3HAYeHUH (myasmugpam-
kan). TIponecc Ha3pIBaeTCs (PpaKTaIBHBIM, €CIH Kakas-THOO €ro YHCIoBas
XapaKTePUCTUKA NMEET (PpaKTabHbIC CBOWCTBA.

Kaxk nokazano B [1], 11 aHanM3a TakuX MPOIECCOB PEKOMEHIYET-
Cs WCTOJIb30BaTh BEWBJIET-aHATN3. TE€PMHUH «BEHBIET» OBIT BBEACH A.
I'poccmanom u XK. Mopne B cepeauae 1980-X IT. B CBS3M C aHANIM30M
CBOWCTB CEMCMUYECKUX M aKyCTHUECKIX CHTHAIOB. BeBIeTH — 3TO 0000-
MEHHOE Ha3BaHHE OCOOBIX (PYHKIIHI, KOTOPBIE UMEIOT BHJ KOPOTKHX BOJI-
HOBBIX ITAaKETOB C HYJEBBIM WHTErPaJbHbIM 3HAYEHHEM M C TOM WM MHOH
(dbopMoii, KOTOpHIC JIOKAIM30BaHBI HA OCH HE3aBHCHMOW MEPEMCHHON H
CIOCOOHBI K CABUTY MO HEW M MacIITaOMPOBAHUIO (CXKATHIO, PACTSIKEHHUIO)
[3]. CymectBytoT muamHOE, AWCKPETHOE, HETPEPBIBHOE, aHAIMUTHYECKOE,
CTalMoHapHOe ¥ OBICTpOE BeHBIET-TIpeoOpa3oBaHMs, a TaKXKe BEHBIET-
MaKeThl U BeWBJIET-PPENMBI.

B pamkax naHHON paboOThl MpOBENEH BEHBIET-aHAIW3 BapuUalUl
MArHuTHOIO I10J14A 3CMJ'II/I, 3apECruCTpUpoOBaHHBIX B TCUCHUC HECKOJBKHUX
CHIIBHBIX MarHUTHBIX Oypb B 2017 T.

Jlumepamypa:

1. Jlazopenko O. B., Uepnorop JI. @. CBepXIINPOKONOJIOCHEIE
curHaibl U npoueccel. Monorpadus. — X: XHY umenn B. H. Kapasuna,
2009. — 576 c.

2. Mangensbpot b. ®@pakranbHas reomeTpust npupoast. — M.: WU,
2002. - 656 c.

3. Mamna C. BoiiBnetrsl B 00paboTke curnanos: Ilep. c¢ aHrim.
Mocksa, Mup, 2005, 671 c.
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ABTOMATHU3UPOBAHHBIN YYEBHBIN
JTUJIATOMETP JJ1s1 UBSMEPEHMUS TEILJIOBOI'O

PACHINPEHHUS HUKEJIA
Xapbkoeckuli HayuoHarnbHbIlU yHUgepcumem um. B. H. KapasuHa
Cm. C. O. dunamoe
Pyk. doy. O. B. BaHbkesu4

Hukenp sBnseTcs KIacCCHYECKUM MOJENBHBIM OOBEKTOM IS M3yde-
HUS ($a30BOro IMepexoaa IapaMmarHeTUK-(heppomarHeTuk. TemmepaTypa
Kropu (temmepatypa ¢aszoBoro mepexoma) it Hero cocraBiser 627K.
YCTaHOBJIEHO, YTO MPH MAarHUTHOM YIOPSIOYEHHU BECh KOMILIEKC (Qu3u-
YECKUX CBOMCTB: HAMarHMYEHHOCTb, TEIIOEMKOCTb, JJIEKTPOCOTPOTHUBIIE-
HUE, TEIUIOBOE pacIIupeHue U T.J.

B nmannO# paboTe cTaBHiach 3a1ada CO3IaHUS aBTOMAaTH3UPOBAHHOM
mabopaTOPHON YCTAHOBKH JUTSI H3Y9CHUS TEIIOBOTO PACIIUPEHUS HUKEIS B
IIMPOKOM JHana3oHe Temneparyp. [IpoBeJcHHBIH aHaTN3 pa3iIHYHBIX U3-
MEPUTEIBHBIX METOAMK MO3BOJIMI BEIOpaTh HauboJIee ONTUMAJIbHBIH METOT
— MeToq KBapiieBoro aunaromerpa [1,2]. Jlanusiil BBIOOp 00yCIOBIICH 10-
CTaTOYHO MIMPOKHUM TemmepaTypHbiM auamnazoHom (20 C-500 C), a taxxke
BO3MOYXHOCTBIO aBTOMATH3AIlMN MPOBEACHUS SKCIEPUMEHTa B PEANbHBIX
Macmtabax BpeMeHH.

Jns HaOmoneHust IepeMellieHns] KBaplieBOTo MITOKA MCIOIb30BaJICs
TEH30METPUUYECKUN MeToa u3MepeHus nedopmanuu usruba. Tum cxembl
MOJKIIIOYEHUS TaTYNKOB - «IOJyMOCT». J[Ba TEH30/aTYMKa HAKICHBAIOTCS
Ha TIPOTHBOIIOJIOKHBIE CTOPOHBI YIPYrol IUTACTHHKH, OJWH He3aKpeIUIeH-
HBIA KOHEI] KOTOPO# ImoMeImaeTcss HaJ KBapIeBEIM IITOKOM JTHIATOMETpA.
[IpumeneHHass cxema oONajgaeT MOBBINICHHONH YyBCTBUTCIBHOCTBIO U
YCTOHYMBOCTBIO K M3TUOHBIM AedopmarusiM obpasua [3]. Jluneiinoe ymiu-
HeHue 00pasla MPONOPLUOHANIBHO U3rHOY IUIACTHHKH, YTO BBI3BIBAET pa3-
OanaHC MOTyMOCTOBO# cxeMbl. Bo3HUKaromas pa3HOCTh IMOTEHIIHAIOB TO-
aymocTta peructpupyerca ¢ nomoupsto AL miater N16223, nannble ¢ Ko-
TOpOW TepenaloTcs Ha MepCOHAIBHBIN KoMIbloTep. C IMMOMOIIBIO XpOMEIhb-
aJroMeNieBoi TepMomnapsl, Takke noAimoueHHol k [1K yepes N16223, us-
MepsieTcs TeMIiepaTypa oopasiia.

CKopoCTh HarpeBa moadupansach TakuM 00pa3oM, 4TOOBI 4acTOTa
muckperm3anuu ALIT HaMHOTO TIpeBEImaNa CKOPOCTh HarpeBa. JTO MO3BO-
JUIIO TIPOBOJUTH HAKOIUICHWE CHTHANIA Ha JAHHOM IIare TeMIIeparyp, TeM
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CcaMblM HAMHOTO YIYYIIUTh COOTHOIIEHHE CHTHAJI/IIyM (OTHOLICHUE
CHUTHAJI/IITyM YBEIHYUBACTCS Ha \n, rae n — KoJIMYeCTBO U3MEPEHUN Ha
mar).

PaboTa sKcriepMMEHTAIBHOW YCTAHOBKH OCYIIECTBISIETCSI B aBTOMa-
TUYECKOM PEXHME, [0 OPUTHHAIBHOW Iporpamme, pa3paboTaHHOH C 1O-
MolIb0 makera rpaduueckoro mnporpammupoBanus LabVIEW. Tlepen
HadaoM paboTHI 3a1al0TCS HadaJIbHBIE TapaMeTPhl SKCIICPUMEHTA: HavaIo
U OKOHYAaHHME TEMIIEPATYpHOTO AUAla30Ha U3MEPEHUs, BPEMs HAKOIUICHUS
JIAaHHBIX, CKOPOCTh HarpeBa. B mpoiiecce mpoBelieHUs! MpeaycMOTpeHa BO3-
MOKHOCTh CYIIECTBEHHON KOPPEKTUPOBKHM HAdaJbHBIX YCIOBHIl, a Takxke
nay3sl B U3MEPEHUSAX WU JOCPOUYHOI'O 3aBEPILICHMS BCErO dKCIIEPUMEHTA.
Becrs 00beM mOTydaeMBIX JaHHBIX B PEaTbHOM BPEMEHH OTOOpakaeTcs Ha
skpane [IK ¢ mpeaBapurensHON MaTemaTtndeckoii obpabdorkoit. [Tomyden-
HBI MacCHB MOXET OBITh COXpaHEH KakK B rpad)i4eckoM, Tak U B TEKCTO-
BOM (hopmare JuIs IOCIIeTyIomeii 00padoTKH.

ITosyueHHBIE Pe3yabTaThl XOPOIIO COIJIACYIOTCA C JTUTEPATYypPHBIMU
ncroynukamu [1]. Oco6oe BHHMaHHE NMPHUBIEKIO aHOMAJIBFHOE MOBEACHUE
KPHBOM TEIJIOBOTO PACIIMPEHUS HHUKEIS B 001acTH TOYKH (Ha30BOTO Tepe-
xoma. CosmaHHas JKCIIEpUMEHTANbHAsl YCTAHOBKA TO3BOJISET MPOBOAWTH
Oosee nerambHOE M3y4YEHHE aHOMAIBHOTO ITOBEICHMS TEMIIEpaTypHOH 3a-
BUCHMOCTH TEIJIOBOTO PACIIMPEHHS HUKEIS, JJIsi KOTOPOro HaOII0aeTcs
HM3MEHEHHE 3Haka Ko3((UIMEHTa TEIUIOBOTO pAaCIIUpeHus mpu (Ha3oBoM
nepexo/ie napaMarHeTuK-(eppoMarHeTHK.

Hannas nabopaTopHas paboTa JOTOIHHT KOMILIEKC JTaOOPaTOPHBIX
paboT cIenuann3upOBaHHOIO MPAKTHKYMa CTYIEHTOB 4-r0 Kypca (usmuue-
ckoro dakynprera XHY nmenun B. H. Kapasuna no nsydenuro puznueckux
CBOWCTB HHKENsS B 00JIaCTH TeMIlepaTyp MarHMTHOTroO (a3oBOro mepexoja
napamarHeTHK-(eppoOMarHeTHK.

Jlumepamypa:

1. TemnoBoe pacummpeHue TBepAbix Ten.. HosuxoBa C. M. Uzn-Bo
«Hayxa», 1974, 1—294c.

2. Awmatynu A. H., Merons! u npuOopsl 11 ONpeaeneHus TeMueparyp-
HBIX KO (UIMEHTOB JTMHEWHOro paciupeHns MmaTepuanoB, Mocksa: M31. cranaap-
TOB, 1972, 140c.

3. Mexena B. A. Tenzomerpuueckuii MeTo]| u3MepeHus aepopMariii.—
Camapa: U3a-Bo Camap. roc. aspokocM. yH-Ta, 2011, 56 c.
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BILIUB XJIOPUJHOI OBPOGKH
HA ITPO30OPICTDb BA3OBUX HIAPIB CdTe

JJIA ®OTOINEPETBOPIOBAUYIB
HauioHanbHul mexHidHul yHieepcumem
«XapkigcbKuli nonimexHidyHut iHcmumympy
Cm. O.B. Cydos
Pyk.: acn. A.l. Jo6posxaH, doy. I'.l. Konay, H.c. M.M. Xap4eHko

B nmanwmii yac TUTiBKOBI COHSYHI €IEMEHTH Ha OCHOBI TeTeporepe-
xony CdTe/CdS e mepcrnekTMBHMMH Uil IIMPOKOMACIITA0HOTO 3acCTOCY-
BaHHS, OCKUIbKM 0a30Bi IIapy TEIypHIY KaJMil0 MalOTh ONTHMAIbHY IIH-
puHy 3a00ponenoi 30HH (1,46 eB) mis edeKTHBHOIO MepeTBOPIOBAHHS CO-
HSYHOTO BHIPOMIHIOBAaHHS B HAa36MHHMX yMOBaX. BHcOTa HOTEHLIHHOTrO
6ap’epy nCdS-pCdTe, sixa cranoButs 1,02 eB, TeopeTHdHO H03BOISIE OIS
Takux npuagHux cTpykTyp gocarta KKJI 29%. Ha 3nauenna KK consiu-
HUX IIEPETBOPIOBAYIB CYTTEBO BILIMBAIOTH KPHCTAJYHA CTPYKTYpa 1 €IEKT-
podizuuHi BiacTuBOCTI 6a30BOTO Mapy Teaypuay Kaamiro. Tak, B HOJIKpU-
CTAIYHUX IUTIBKOBUX COHSYHUX eneMeHTax 3MmeHmeHHs KKJ[ cyrreso
OB’ S3aHO 3 pEeKOMOIHAIIEI0 TEHEPOBAHUX CBITIIOM HEPIBHOBAKHUX HOCIIB
3apany Ha aeeKTax PO3BMHEHOI 3epHOrPaHMYHOI MOBEPXHI 0a30BOr0 Ia-
py. Ilpn BuroroBieHHi ¢oromeperBopioBauiB Ha 0a3i rereporepexony
CdS/CdTe ass 3MeHIICHHS CTYMEHS! PO3BHHEHOCT] 3epHOIPAaHHUYHOT OBEP-
XHI 32 paxyHOK 30UIbILIEHHS PO3MIpY 3epHa B IUIIBKAaX TENypUAY KaJMIkO
TPamUIifHO 3aCTOCOBYEThCs xiopuaaa obpodka. B cuctemi CdTe-CdCl,
HasiBHA HU3BKOTEMIIEpATypHA €BTEKTHKA, 3aBASKU SKil BOAETHCS MPOBECTH
pexpucTainizanito mapis npu temneparypax zHmwkde 500°C. OxHuM 3 BUAIB
XJIOpUIHOT OOPOOKH € HAHECEHHS TOHKHX IIapiB XJIOPUAY KaaMil0 Ha Tely-
PHI KaJMIIO 3 IMOJANBIINM BiANIAIIOM BCI€l CTPYKTYpH Ha MOBIiTpi. B poboTi
JIOCHI/KEHO BIUIMB ILTIBOK XJIOPUAHOI OOpOOKM Ha ONTHYHI BIACTHBOCTI
IUTIBOK TEIypULy KaIMil0, OTPHMaHHX METOJOM MAarHeTpOHHOTO PO3IH-
JICHHS HA TIOCTIHHOMY CTPYMI.

Hocnimkeni Tonki tiiBku CdTe BupoieHi Ha CKISHHUX ITKIIaKaxX
B CIAYIOUMX PEeXHMMaxX KOHJEHCAIl: THCK poO0YOTO0 a3y aproHy y BakyyM-
Hiii kamepi — 0,8 [1a; Hanpyra Ha Marnerponi — 400-450 B; ryctuna ctpymy
IL1a3MOBOTO po3psidy — 4,2 MA/cM?, Temneparypa migkianki — 280-300°C,
yac HaluiIeHHs — 15 xB.

Jns mpoBeneHHsT XIOpuaHOT 00poOkH Ha moBepxHio mapis CdTe y
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BAKyyMHIil yCTAHOBI[ IPH OYATKOBOMY piBHi Bakyymy 2-10~° ITa MeTomom
TEPMIYHOTO BHITAPOBYBAHHSA 0€3 HArpiBy MAKIAAKA HAHOCHWIHN ILTIBKA
CdCl,. IotiM oTprMaHi GaraTonraposi IUTBKOBI CHCTEMH BiAMATIOBAIN Ha
TOBITpi y 3aKpuTOMY 06’eMi pu Temmepatypi 430°C mpoTsarom 25 xs.
JocinipkeHo BIUIMB XJIOPUAHOI 0OpOOKHM Ha Mpo3opicTh 0a30BHX
mapiB CdTe Ha ckisHuX migkiaakax. CrnekTpasibHi 3aJIeKHOCTI KoeilieHTy
npomyckanas wiiBok CdTe mo Ta micims MpoBENCHHS XJIOPUAHOI 00poOKu

HaBezeHi puc. 1.
60

T.%

50 A
40
30 A

20 A

650 750 850 950 At 1050
Puc. 1 — CniextpainbHi 3anexHoCTi KoedimienTy npomyckanHs rriBok CdTe
110 xjopuaHoi 00po6ku (1, 2) Ta micis xnopuaHoi 00pooku (3, 4)

3HavyeHHs TOBIIMHM IUTIBOK OyJ0 po3paxoBaHO 3a iHTepeHdepeH-
UIfHIMH TOYKaMHU EKCTPEMYMY 3aJIEKHOCTI KOe(ilieHTy MPOITyCKaHHS BiX
JIOBXKWH XBHJIb Ta CTAaHOBWIO 2,2-2,5 MKM. B mapax Temypumy KamMmiro 10
XIIOPUAHOT OOPOOKU CIOCTEPIracThesl CHIIbHE MOTIMHAHHS B Jialla30Hi J0-
BxHH XBWIb 400-700 HM Ta pi3KUil Kpall 1MOJIOCH ITOTJIMHAHHS B Jliania3oHi
750-850 M. B iH(padepBoHiil 0061aCTi CIIEKTPY MPO30PICTh TUTIBOK CKIIAJIA€
Ha piBHi 45-50 %.

[Ticns mpoBeaeHHS XJIOPUIHOI 0OPOOKH KOEDILiEHT MPOIMYCKaHHS
AHUX 3pas3KiB 3HIWKyeThes Ha 30 % Ta craHoBUTH 15-20%, MO CBITIHATH
PO 30UTBLIEHHS CTYIEHIO NOTJIMHAHHS CBiTJIa B iH(pauepBOHIH obiacti
cnekrpy. ['padiunuii anani3z creKTpaabHOT 3aJIeKHOCTI KOe(ilieHTy TpoITy-
ckanns T=f()) y koopaunarax a’=f(hv), 1e o - Koe(illieHT ONTHYIHOTO MOT-
JTWHAHHS, hv - eHepris KBaHTIB MaJarovuoro CBITJIa, CBITYUTH 100 HAsIBHO-
CTi IPSAMUX TO3BOJICHUX ONTHYHUX mepexofiB. [llnpuHa 3a60poHEHOT 30HN
TENypUAY KaaMito 10 Ta MICI «XJIOPUIHOD 00pOOKH BiIpi3HSIIACE B MEXKaX
moxuOku Ta ckiaagama 1,5+0,1 eB.
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IMPOCBETJIAIOIIUE ITOKPBITHU S
HauyuoHanbHbIl mexHuyeckul yHugsepcumem « X[ »
Xapbkosckul HauyuoHarnbHbIl yHugepcumem um. B.H. KapasuHa*
Cm. E.A. Npubos
Pyk.: douy. H.JI1. JbsikoHeHko, dou. A.l1. Oe4yapeHKo*

[IpocBerstomiye MOKPBITUS TPUMEHSIIOTCS BO BCEX COBPEMEHHBIX
OTTORJICKTPOHHBIX TPHOOpPax: (POTOIIEKTPHUECKUX MPeoOpa3oBaTessIx
COJIHEYHOTO M3JIyYCHHs, TEIUIOBH30paX, OoTOoaNmaparax U Ap. Il yMEHb-
HIEHUsSI TOTEPh MAJAIOIET0 M3JIydeHHS BCICACTBHE €TO OTPasKCHHUSI.

W3BecTHO, YTO B IUICHKAX BBINOJIHACTCS YCJIOBHE MHHUMYMa WH-
TepepeHIIny, eClIi Y9l OTPa)XCHHBIC OT HAPY)XKHOW M BHYTPCHHEH CTO-
POH MMEIOT OAMHAKOBYIO aMIUINTYIy, HAXOZATCSl B IPOTUBO(A3e U ONTH-
yecKasi TOJIIMHA [UICHKH paBHA OJHOW YETBEPTH JUIMHBI BOJIHBI. [ ypas-
HUBAHUS aMIUTUTY]] OTPAXEHHOTO CBETa MOKa3aTelb MPETOMIICHUS N Tpo-
CBETIISIIOLICH IUIEHKN JIOJDKEH PABHATHCS KBaJIPAaTHOMY KOPHIO NOKa3aTels
MIPEJIOMJICHUS] ONITUYECKOTO CTEKJIa JIMH3bl. MaTepranoM JIMH3, 0COOEHHO
UCIIOJIb3YEeMBIX B YCTPOICTBaX, paboTAIOMIMX B yIbTpadHONIETOBOM Auamna-
30He, sBIsieTCs KBapieBoe crekimo SiO; ¢ N =1,46. To ecTh IMPOCBETIIAIO-
mas IUICHKa JOJDKHA UMETh N = N 1,46 = 1.2. 113 u3BECTHBIX B HAcTOSIICE
BpeMs MPOCBETIISAIOMINX MOKPHITHH HAWMEHBIINH TOKa3aTedb IMpeaoMiIe-
HUst umeeT Gropun utus N = 1.39.

Jl1g mony4yeHus NMIeHOK, UMEIOIINX MEHBIIHUI N, pa3pabaThIBatOT-
Cs1 HOBBIE TEXHOJIOTHH CO3[JaHUSI HAHOCTPYKTYPHPOBAHHBIX CIOEB, KOTOPBIE
cocrosit w3 SiO, HaHONPYTHEB, IOMYYCHHBIX METOAOM DJIEKTPOHHO-
JydeBoro ucmapenws. Ilnenky HamsuIsioT B Bakyyme 2°10° *Topp, ckopocts
ocaxneHust ocrasister 0.5 HM/c. HaHONPYTBS MOTYT OBITH PACIIONOKEHBI
0] Pa3HBIMU yIJIaMH, YTO MO3BOJISIET NOJIy4aTh pasHeie N. [Ipoden mexmy
HUMH cOCTaBisieT MeHee 30 HM, YTO HaMHOTO MEHbIIIE, YeM JUTMHA BOJIHBI
BUIMMOI'O CBETa M, CJIEJOBATEIbHO, HE BIHIET Ha ONTHYECKOE paccenBa-
Hue. Kpome Toro, B mpomecce mcmapeHHs MoaOHWpaeTcss HeoOXoammast
tommuuHa wieHku (nh = 1/4 ). Tloka3zarens NpeaoMIICHHS CIIOSI HAHOTIPYTh-
eB N = 1.08, camblil HU3KUN U3 U3BECTHBIX TOHKOIUIEHOYHBIX MaTE€pPHaJIOB.
Pacuersl TOKazanu, 4YTO IPHU HAHOCTPYKTYPUPOBAHHOM IOKPBITUH C
n=1,233 orpaxenue cocraiusier 0% Ha jmuHe BONHBI A = 550 HM, a B
muamaszone ot 470 1o 630 um orpakerue mebine 0.5%.
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BUKOPUCTAHHSA METAMATEPIAJTY
JJIs1 CTBOPEHHSA EJIEKTPUYHO-KEPOBAHOI'O

CMYIT'OBOI'O ®LJIBTPY 3BYKOBHUX XBUJIb
Xapkiecbkull HayioHanbHUU yHieepcumem im. B.H. Kapa&ziHal
HauioHanbHul mexHidHul yHieepcumem
«XapkiecbKul nonimexHidHUt iHcmumymy 2
Cm. O.B. BypnaeHko'

Kep. cm. eukn. 0.5. Anma3soea’

VY cydacHOMY HECHOKIHOMY 1 TaJlacIMBOMY CBITi MU BCi IIYKaeMO
THUII 1 cIOKO¥0. | sikio Bu He MOXeTe BTEKTH BiJ IIIyMy Ha TOUHY 200 1Bi
B THUXHH JIic, HEOOXITHO YCYHYTH HAaBKOJIMIIHIA ITyM, BUKOPHCTOBYIOUH
ITYMOTIPHUIYIIYIOYi TPHIIAIH.

3ByKoBa XBWIS (3BYKOBi1 KOJIMBAaHHS) - II¢ MEXaHIUHI KOJMBAHHS
MOJIEKYJl pEUOBHHH, L0 TIEPEJAIOTHCS B IIPOCTOPI.

Jlxepeno 3ByKy - 1e OOOB'SI3KOBO TUIO IO KOJHBAa€eThCs. OIHAK
JIOCBIJT TOKA3ye, 10 HE Oy/b-SKe TUI0, 1110 KOJMUBAETHCS € JXKEPETIOM 3BYKY.
CrpaBa B TOMy, IO BYXO JIOAWHU CIpUAMAae He BCi XBHJII, a TUTBKH Ti, SKi
CTBOPIOIOTH TiJIa, IO KOJWBAIOTHCA 3 4acToTOorO Bix 161 mo 20 kI m.

3BYKOBI KOJIMBAaHHS, a TAKOX B3araji BCi KOJHMBAaHHSA, K BITOMO 3
(bi3UKH, XapaKTepU3yThCs aMILTITY10r0 (IHTEHCHBHICTIO), YacTOTOM 1 (ha-
3010. BiZTHOCHO 3BYKOBHMX KOJIMBaHb JIy’)K€ BaXJIMBO 3rafaTH TaKy XapaKkTe-
PHUCTHKY, SK IIBHIKICTh HomMpeHHs. LIIBUAKICTE MOIIMPEHHS KOJIHBAHB,
B3araii, 3aJIS)KUTh Bill CEPEIOBHINA, B Kilf KOTUBAaHHS NMOIUpIOOTECS. Ha
II0 IIBUAKICTh BIUIMBAIOTH TaKi (DaKTOpH, SK MPYKHICTH CEepeqoBHINa, Ii
IIUTBHICTH 1 TEMITEpaTypa.

Hlym - e 3ByKH, 1o 3mwincs B Oe3najaHe (3a3BU4ail rydHe) 3BY-
YaHHSI; Xa0TUYHI KOJIMBaHHS Pi3HOI Pi3n4HOT NPUPOJH, IO BiAPI3HIIOTHCS
CKJIaHICTIO THMYACOBO] 1 CIIEKTPaIbHOI CTPYKTYPH.

[HHOBAIIHHICTD i€l POOOTH TOJNATaE B BUKOPHUCTaHHI CEICKTHB-
HUX MeTaMaTepiasliB Ui CTBOPEHHS LIYMOIPUAYLIYIOUMX HPHIAAIB, IO
MaroTh BJIACTUBICTh OepyIll, SIKi NPOITYCKAIOTh TOJIOC JIOIMHH.

B po0oTi po3risiHyTo TEOPETUYHUI ONUC CMYroBOTO (GLIBTPY, MO-
OymoBaHOro Ha MeTamarepianax[1l] - Marepiagax, BIaCTUBOCTI SIKMX BH3HA-
YalOTHCSI HE BIACTUBOCTAMH E€IIEMEHTIB, 3 SIKUX BOHH CKJIAIAlOTHCS, & BIIAC-
TUBOCTSIMH LITYYHOI MIPOCTOPOBOI MEPIOMYHOI CTPYKTYpH, SIKa 3aKJIa/JeHa
B oOyIoBY 1X KpUCTamivyHOI perriTky. /1o MeTamarepiaiB BiTHOCSTHCS (o-
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ToHHI 1 (hoHOHHI KpucTanu. [loTeHuiliHe
MIPaKTHYHE 3aCTOCYBAHHS ()OHOHHUX KpPHUC-
TQJIIB PO3MIAAETHCS B SIKOCTI NPHCTPOIB
AKyCTOEJIEKTPOHIKH, ONTOCNICKTPOHIKH Ta
IHIITKUX 001acTel eJICKTPOHHOT TEXHIKH.
®DoHOHHMH KpHcTal, a0 aKyCcTHY-
HUI MeTamarepiai, SBiIsg€ cO00I0 CTPYKTY-
pY, SIKa CKJIQJAETHCS 3 TEPIOJUIHUX HEOJI-
HOPIOHOCTEH, 10 YepryroThCsl B HPOCTOPi Puc.I. Axycmusnuii yema
Ta BIIPI3HSAIOTHCS MPYKHUMHU a00 m'e30el1e- Mamepian.
KTPUYHUMM BJIACTUBOCTAMU. Takuil mare-
piast 103BOJISIE TPOIMYCKATH CUTHAI 3 HEOOXiJHOI aMIUTITYIHO-9aCTOTHOIO
XapaKTEPUCTUKOIO.

TakuM 9MHOM, TaKi CTPYKTYPH SIBISAIOTH COO0I0 CBOEPITHI CMYroBi
(imbTpH, IO NO3BOJSIOTH BIACIKTH YacTOTH BiA JAESKOTO MIHIMAJIBHOTO
3HAYEHHS JI0 JISSIKOT0 MakcuManbHoro. CTpyKTypa TakMX MaTepiaiiB Bifpi-
3HSETHCS ISl PI3HOTO [Iialla30Hy YacTOT 1 YMOB 3aCTOCYBaHHS, pO3paxyBa-
BIIM TEOPETUYHO 1 3MOJIENIOBABIIN (HOPMY, TAKHH 3pa30K MOXKHA HaJApyKy-
BaTH, BUKOPHCTOBYIOUH 3D mpuHTEp, MICIsA YOr0 BUKOPUCTOBYBATH B PO
CENIeKTUBHUX OepyI.

3acTocyBaHHSI MeTamarepiaiiB JO3BOJIUTH ICTOTHO HOJIMIIUTH
XapaKTePUCTHKH aKyCTOEJIEKTPOHHHUX MpH-
CTPOiB, a TaKOX PO3POOUTH SKICHO HOBI
npunanu. IlepioguyHi CTPYKTypH aKyCTHY-
HUX MeTamarepialliB MaloTh XapaKTepHCTHY-
Hi pPO3MIpH HOPSIKY JOBXHHHU IPYXHOT
XBHIII.

Haii6inpmuii iHTEpEC MpeacTaBis-

I0Th KepoBaHi (P)OHOHHI KPUCTAIH, B KUX 33

Puc.2. 3osHiwHuli enaue Ha JIOTIOMOTOI0 30BHIIIHIX BIUIMBIB 3IIHCHIO-

memamamepiar. €TBCSl KOHTPOJIb INMPUHHM 3a00pOHEHOI 30-

HH[2]. B siKocTi 30BHIIIHIX B3a€MOJiil BUKOPHCTOBYIOThCS Pi3HI (izuuHi

MOJISL - €JEeKTPUYHE, MarHiTHe, TeIJIOBE, MEXaHIYHMI BIUIMB, TOUIO BBe-

JCHHS KepyBAJILHOTO IIOJI B CBOIO YePr'y BUMAarae YCKIaJAHEHHsS KOHCTPyK-
Iii 1 TEXHOJIOT1i BUTOTOBJICHHSI METaMaTepialiB.

Haii6inpm mikaBoro o0macTio (POHOHIKI € MeTamMaTepia, yIpaBIliH-

HS IIUPUHOIO 3a00pPOHEHOT 30HOIO SIKOTO 3/IHCHIOETHCS 3a JOIOMOTOIO
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EJIEKTPUYHOTO TOJISL.

Bigomuii edexT, 3BaHWI IHAYKOBAaHUM IT'€30€IEKTPHIHIM e]eK-
TOM, 1[0 BUHHKA€ B CETHETOEIECKTPHKAX, SKi 3HAXOAATHCS B MapaeieKTpid-
Hil (a3l Ipu NMPUKIAZEHH] 10 HUX 30BHIMIHBOTO EJIIEKTPHYHOTO Toisd. B
CETrHETOEJIEKTPUKaX 3'IBISIFOTHCS IT'€30€IEKTPUYHI BIIACTUBOCTI, 3MIHIOIOTh-
csl JieNIeKTpUYHa TIPOHUKHICTD 1 MPY)KHI BIACTHBOCTI, BEJIMUMHA SIKMX 3a-
JISKUTH Bill HAIPY>KEHOCTI 30BHINTHHOTO ITOJIA, IO MPHUKIIATAETHCS.

SBuIe IHAYKOBAHOTO IT'€30€(EKTy
B CErHETOCJICKTPHKAX J03BOJIsIE ChopMyBaTn
CJIEKTPUYHHUM I10JIEM TIEPIOJUYHY CTPYKTYpY
«IT'€30€NEKTPHUK/NIETEKTPUK» 3 MOKIIMBICTIO
yrpaBiiHH 1 BJIACTUBOCTAMU. Y TOMIOHIN
MEepIONNYHIN  CTPYKTYpi NpHW HOUIUpPEHHI
NPYXHAX XBWJIb IOBHHHI CIIOCTEpiraTucs
30HM IIPOXOJDKEHHS 1 NPOITyCKaHHS, TOOTO
copMOBaHa CTPYKTypa € aKyCTHUYHHM Me-
tamarepiaioM. Ilpu mommMpeHHi NpyxHOT
XBWII B TaKill CTPYKTYypi, 3MiHa Hampyru Ha
€JIEKTPOJIaxX MPU3BOIUTH JI0 3MIHHU IMIIEITaHCHUX XapaKTEPHUCTHK IT'€30€JIeK-
TPUYHUX OOJacTei i, sIK HACIIJOK, 10 YacTOTHOI mepeOynoBH 3a00pOHEHOT
30HH.

Puc.3. Ilepioouuna
cmpykmypa

TakuM YKMHOM, BHKOPHCTOBYIOUM KepoBaHI (DOHOHHI KpHUCTalH,
MOJKJINBO CTBOPHUTH E€IIEKTPOHHI MPUIIA/IH, SKi OyIyTh HE MPOCTO 130JII0BATH
JIOAWHY Bifl yCiX 3BYKIiB, a BIACIKATUMYTH TUIBKHM ITEBHUH iHTEpBaI 4acTOT.
Po3pobiena Meronuka 1ie BEMTMKHI BHECOK JUIsl €IEKTPOIHIYCTpil, IO BU-
KOPHUCTOBYE IIyMOIPUAYLIYIOYi IpUCTpOi. JloniibHEe MOETHAHHS METOIUKN
CENIeKTUBHUX METaMaTepuliB 3 METOJUKAMU aKTUBHOTO IIYMOIPUAYIICHHS
Ta MPOTPaMHUX YacTOTHUX GinbTpiB [3,4,5].

[1]. Kpacunbaukos B.A., KpsuioB B.B.: «BeneHue B QH3HYECKYIO aKy-
ctuky». M.: Hayka, 1984.; [2]. B.II. ITamenko: «YTpaBiseMblii Ibe3oMeTaMaTepual
Ha OCHOBE MHIYIMPOBAHHOTO Ihe303((eKTa B CErHETOMIEKTPUKAX TUTaHaTa Oapus-
crponrust», 2014; [3]. Jonathan Le Roux, and Emmanuel Vincent: «Consistent Wie-
ner Filtering for Audio Source Separation», 2013.; [4]. E. Topsakal, J.L. Volakis:
«On the properties of materials for designing filters at optical frequencie»,2003;
[5]. I. Nancy Catherine, S. Dhandapani: «Noise reduction in speech processing using
improved active noise control (anc) technique», 2014.
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NCCIEJOBAHUE 3ABUCUMOCTH CKOPOCTH

OT TPEHUSA B MAKETE ITIPOKATHOI'O CTAHA
HauyuoHarnbHbIl mexHu4Yeckul yHugsepcumem
«XapbKogcKul MonumexHu4yecKul uHcmumym»

Cm. I".A. JlyyeHko
Pyk.: doy. B.O. Komnsipoe, cm. np. C.C. KpueoHoc

[Ipy TpOEKTUPOBAHUM CIOXXHBIX MEXaHW3MOB HEOOXOIMMO Y4H-
TBIBaTh BCE (DAKTOPHI BIMSIONIME HAa pabOTy ycTpolcTBa B 1eiaoM. OaHUM
us3 q)aKTOpOB OKa3bIBAIOIIUM 3HAYUTCIIBHOC BJIMSAHUC ABJIAIOTCA CUJIa TPC-
Hust. Ecniu He y4nThIBaTH CHIIBI TPEHHS IIPU pa3paboTKe, TO B IOCIEAYIO-
el 3KCIUTyaTallid MEXaHMW3Ma 3TO NMPHBEAET K OBICTPOMY M3HOCY M CKO-
POl NOJIOMKH.

Cwitoif TpeHMs Ha3bIBAIOT CHILY, KOTOpas BO3SHHMKAeT IIPH IBHXKeE-
HUH OJJHOTO TeJia 10 TOBepXHOCTH Apyroro. OHa Bceraa HalpaBlieHa Mpo-
THUBOIIOJIOKHO HAIMPaBJICHUIO ABUKCHUS. 3aKOHEI TpCHUSA CBA3aHBI C DJICK-
TPOMAarHUTHBIM B3aMMOJEHCTBHEM, KOTOPOE CYIIECTBYET MEXIY TEIaMH.
PaznnyaioT TpeHWe BHEUIHEE M BHyTpeHHee. BHemHee TpeHHE BO3HUKAET
IIPU OTHOCHUTEIBEHOM TEPEMEIIEHHUH JIBYX COIPHKACAIOIINXCS TBEPABIX TEI
(TpeHne  CKOJNBXKEHWSI WIM TpeHHe II0Kosl). BHyrpeHHee  Tpe-
HUE HAOJIIOAaeTCsl NMPU OTHOCHTEIBHOM IIEPEMELICHUH 4acTeld OJHOr0 |
TOrO  JK€  CIUIOIIHOrO  Teia  (Hampumep,  JKUAKOCTb WU
ra3). Pasmugator cyxoe ' xuakoe (wim Bszkoe) TpeHume. Cyxoe Tpe-
HHUE BO3HUKAET MEX/y HOBEPXHOCTSMH TBEPJBIX TEJI B OTCYTCTBUE CMa3KH.
Kunkum (BS3KMM) Has3bIBaeTCsS TPEHHE MEXKTY TBEPABIM TEJIOM M KHUIKOH
WY Ta3000pa3HON CPenoi UK ee CIOAMU.

st uccienoBaHus 3aBUCUMOCTH CKOPOCTH OT CHJIbI TpeHHs ObLia
BbIOpaHa MOJIENb MPOKATHOTO CTaHa. ['Jie HEeMmoCpenCTBEHHOE TPEHUE BO3-
HUKAaeT B pe3ylabTaTe CONPHKOCHOBEHUS BaJlOB C 3aroToBKOH. [lTommmo
9TOTO, TPEHHE BO3HHMKAET B Y3JIaX M MEXaHH3Max, INEpelarolluX Bpalla-
TEJIbHOE JABM)KEHHUE OT JBHrarels. J[js uccienoBaHust 3aBUCUMOCTH ObLTH
YCTaHOBJICHBI psAA AaT4MKOB. IIpu M3mMeHeHHH paboThl Mojenu (yBennde-
HUM ¥ YyMEHBUICHUH HAarpy3KH, CKOPOCTH U T.J.), JATYUKU (PUKCHPYIOT I1O-
ka3zaHusa. Ha ocHOBe moka3zaHui MBI MOXEM MOCTPOUTH BPEMEHHBIE Tpadu-
KA W OTCJIEANTH 3aBHCHUMOCTb. MccremoBaHne TaHHOW 3aBUCHMOCTH I10-
MOJKET pa3padoTaTh METOJIbI JUIS YIIy4IIeHHUS paOOThl YCTPOWCTBA, YTO B
JIaTIbHEHILIEM MTPUBEET K YBEIMYEHUIO CPOKOB CITYXKOBI.
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O®EPOMAT'HUTHASA ' KUAKOCTb
HayuoHanbHbIl mexHuyeckul yHuUgepcumem
«XapbKogcKul nonumexHu4yecKul uHcmumyms»
Cm. [.B. lllynexko
Pyk. douy. U.B. Nanywak

deppoMaranTHas KHUIAKOCTH (OT JaTHHCKOro ferrum — jxene3o)
— KUAKOCTb, CHIIBHO MOJIIPU3YIOIIAsACSA B MIPUCYTCTBUM MATHUTHOTO TOJIS.
YyeHsble Ha3bIBAIOT 3TY CTPYKTYPY «HEYCTOMYUBOCTHIO Po3eHIBElTaY.

MarHuTHbIe KUIKOCTH TIPEICTaBISIOT CO00H Ooee 4eM 0JTHO co-
CTOSTHHE MaTepHH, KOJUIOMIHBIE TUCTIEPCHH MarHUTHBIX MarepuaioB (dep-
POMarHeTHKOB: MarHeTuTa, (peppuTOB) C YACTUIIAMHU Pa3MEpOM OT 5 HaHO-
MeTpoB 10 10 MUKpOMETpPOB, CTaOMIM3UPOBAHHBIC B TMOJSIPHON (BOAHOMN
WIA CIIUPTOBOM) M HEMOJSIPHON (YIIeBOMOPONBI M CHIIMKOHBI) cpelmax C
MOMOIIBI0 MOBEPXHOCTHO-AaKTUBHBIX BEIIECTB WM MoJuMepoB. OHU co-
XpaHSAIOT YCTOMYMBOCTD B TEUECHHUE JBYX-IISITH JIET W OONamaloT IpH 3TOM
XOpOIIeH TeKy4ecThl0 B COYETAaHWU C MarHUTHBIMH cBoiicTBamu. [ljist obec-
MEeYeHHsI YCTOMYMBOCTH TaKOW YKHIKOCTH, KaK YK€ YIIOMSHYIOCH, (heppo-
MarHWTHBIE YAaCTHLBI CBA3BIBAIOTCS C MOBEPXHOCTHO-AaKTHBHBIM BelIe-
ctBoM (ITAB), koTOpoe 00pa3yeT 3amIUTHYIO 000JIOUKY BOKPYT YacTHI] U
HpPEMsATCTBYET UX CIMIAHUIO U3-3a BaH-nep-BaanbCoBBIX MM MarHUTHBIX
CHIL

ITAB npensTCTBYIOT CIHMIIAHUIO 4YacTHI[, MelIlas MM CO3JaTb
CJIMIIKOM TSDKEIbIE TPYNITUPOBKH 3JIEMEHTapHBIX 00pa3oBaHMM, KOTOpHIE
HE CMOTYT YJEP)KUBATHCS BO B3BEIICHHOM COCTOSIHHH 33 CUET OPOYHOBCKO-
ro newkeHns. O0br9HO B KauecTBe IIAB HCIONB3YIOT OJIEMHOBYIO KU CIIOTY,
TUAPOKCU]] TETPAMETIIIAMMOHHS, MOJUAKPUIOBYIO KHCIOTY, IOJIMAKpUIaT
HaTpUs, TUMOHHYIO KUCJIOTY, COEBBIN JTELIUTHH.

Nmenno Ponanba PoseHnBeir BnepBble HaONIOMAN 3TO SIBICHUE
ellle B MIECTUAECSATHIX roJax MPOIUIOTO CTOJETHs B Jaboparopusx Macca-
gyceTcKoro textHonorudeckoro uHctutyra CIIA, a 3arem u ommcan ero B
cBoeii HayuHOI craThe "Ferrohydrodynamics".

K ¢deppomarHeTnkam KpoMe OCHOBHOTO HMX MPEACTaBUTENS — HKe-
Jie3a, OT KOTOPOro M IPOUCXOJHUT Ha3BaHHE (eppOMarHeTu3M, OTHOCSTCS,
HanpuMep, KoOaabT, HUKENb, TaA0JINHAN, UX CIUIaBbl U coequHeHus. Yac-
THUIIBI BelecTBA (ePPOMArHUTHOM KUAKOCTH Pa3MepaMH HaCTOJIBKO MaJIbI,
YTO MPUMEPHO B JECATKH Pa3 TOHBIIIE YEIOBEUYECKOro Bonoca. Takue MUK-
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https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D0%BD%D0%BE-%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B5_%D0%B2%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D0%BD%D0%BE-%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B5_%D0%B2%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D1%8B_%D0%92%D0%B0%D0%BD-%D0%B4%D0%B5%D1%80-%D0%92%D0%B0%D0%B0%D0%BB%D1%8C%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%B7%D0%BC
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POCKOMMYECKHE TIOKA3aTeNy BENWYMHBI ITO3BOJISIIOT UM PaBHOMEPHO pac-
MIPEAeNAThCA B PACTBOPUTENE C IMOMOINBIO TETJIOBOTO ABM)KEHHS. AHAIO-
THYHBIM 00pa3oM HOHEI B BOJIHBIX pacTBOpax rapamMarHuT-
HBIX cojiel (HampuMep, BOAHBIA pacTBop cyiabdara meau(ll) mam xiaopuaa
Mmapranna(ll)) npunaroT pacTBOpy napamMarHUTHBIE CBOICTBA.
MarHuTOyIpaBasieMOCTs MarHUTHOM KHUIKOCTH IO3BOJISET yAEp-
JKUBaTh €€ B HY’)KHOM MECTE YCTPOICTBa O/ ACHCTBUEM MAarHUTHOTO TOJISL.
Jlo mopbl, MOKa HET BHELIHETO BO3AECHCTBUSI, >KMJIKOCTh CIIOKOMHA, HAIo-
MHHas1 co0010 3epkayio. HO CTOMT TOJIBKO MOJHECTH K 3TOMY «3CpKally»
HalpaBJIeHHOE MarHUTHOE I10JIe, KaK OHO OXMBaeT, mpuodperass HeoObI4-
Hble (QopMBI, U3MEHsIoIIMeCs 1Mo/ BozaelcTBueM mnois. dopmel deppo-
KHUJKOCTH MEHSIOTCA B 3aBUCHMOCTHU OT CHJIBI M HaIPaBJICHHOCTH BO3IEH-
CTBHS MarHUTHOro mouisi. Iloxg BO3AeHCTBHEM IOBOJBHO CHIIBHOTO BEPTH-
KaJIbHO HAIPABJIEHHOTO MarHUTHOTO MOJIS IIOBEPXHOCTh JKUAKOCTH C Ta-
paMarHUTHBIMH CBOMCTBAaMM CaMOIIPOM3BOJILHO (hopMUpPYET peryssipHyro
CTPYKTYPY M3 CKJIaJOK. DTOT 3((eKT HM3BECTEH KaK HECTaOMIbHOCTH B
HOPMAJIbHO HaIpaBJIeHHOM moje. DOopMHpOBaHHE CKIAJAOK YBEINIHMBa-
eT CBOOOJHYI0O ~ JHEPrHIO IOBEPXHOCTH M IPAaBUTALMOHHYIO  BHEp-

THIO XHUIKOCTH, HO YMEHBIIIAET SHEPTHUIO MarHUTHOTO ITOJIS.

MoxHO pa3nuuarbh (eppOMarHUTHBIE M MarHHTOPEOJIOTHYECKHE
JKUJIKOCTH. Pa3Huna mexay HUMH B pazMmepe yactun. Yactuusl B Geppo-
MarHUTHOW JXHJIKOCTH 3TO B OCHOBHOM HAHOYACTHIIbI, HAXOJSIINECS BO
B3BCLICHHOM COCTOSIHMM H3-3a OPOYHOBCKOT'O IBYIKCHHUS M HE OCEIAOLINe
B HOPMAJBHBIX YCIOBHUSX. YaCTHIIBI B MAaTHUTOPEOJIOTHUECKOH KUIKOCTH B
OCHOBHOM MHKPOMETPOBOro pasMepa (Ha 1—3 mopsaka Oosible); OHU
CJIMIIKOM TSDKEJIBI, YTOObI OPOYHOBCKOE JBIDKCHHE HMOJJIEPXKHUBAIO UX BO
B3BEIIEHHOM COCTOSHHUH, M TIO3TOMY CO BpPEMEHEM OCEJaroT H3-3a ecTe-
CTBEHHO! pa3HOCTU B IJIOTHOCTH YAacTULl M Hecywed sxuaxoctu. Ilpu
HaJIO)KCHUU MAarHUTHOTO TI0JIsi, MArHUTOPEOIOTUIECKas )KUAKOCTh MOKET
M3MEHATH TpeNieNl TEKY4ECTH, B 3aBUCHMOCTH OT €€ (PU3UKO-XHMHUECKOTO
cocrasa ot 0 go 50-100 xITa.

OnHoli u3 obnacTeil TPUMEHEHNSI MAarHUTHBIX JKUJIKOCTEH SIBIISICT-
Csl MX WCIIOJNB30BaHUE B KAueCTBE MAarHUTHBIX CMa30K. MarHuTHas K-
KOCTh Ha OCHOBE Macia I10 CPaBHEHHUIO C TEM K€ MacllOM CHIKAeT TPEHHE
Ha 20% s¢ddextuBree. [log Bo3aelcTBHEM 2IEKTPOMArHUTA, KOHTPOINPY-
€MOT0 KOMITBIOTEPOM, TTOJIBECKa MOKET MIHOBEHHO CTaTh 0oJiee )KEeCTKOH
wim Gosee Msrkoi Onarozaapst ¢pepoxxunkoct. [Tomumo Ferrari, mogoOHbIE
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https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%B8
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https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B2%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D1%80%D0%BE%D1%83%D0%BD%D0%BE%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%B4%D0%B2%D0%B8%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82

XVII Pezionanvrna naykosa cmyoenmcoka KoHgepenyis
AKTYAJIbHI [IPOBJIEMH DI3UKH TA IX IHOOPMAIIIHHE 34AFE3IIEYEHHA

pa3paboTKy y)ke AaBHO HAIlUIM NpuMeHeHne B aBToMoomiax Audi, Cadillac,
BMW u npyrux. Taxke MarHuTHasi )KUJKOCTh HAllIa LIMPOKOE MPUMEHE-
HUE B MEIWIIMHE.

[IpoTtuBOOMyX0JIeBbIE MIpeNapaThl, K MPUMEPY, BPEIHBI AJISl 310PO-
BBIX KJIeTOK. Ho ecnu MX cMmelarb ¢ MarHUTHOM JKMJIKOCThIO M BBECTH B
KpPOBb, a y OIYXOJIU PACIOJIOKUTh MarHUT, MarHUTHAS XKUJAKOCTh, & BMECTE
C Hell M JIeKapCTBO COCPEIOTOUYHNBAIOTCS Y IOPAKEHHOTO yJacTKa, He HaHO-
csl Bpea BCeMy OpraHn3My. MarHWTHBIE KOJUIOWIBl MOXKHO TMPHUMEHSTH B
KadecTBE KOHTPACTHOTO CPEICTBa MpH peHTreHockornuu. OOBYHO TIpU
PEHTI€HOCKOMUYECKOM JUArHOCTUKE KEITYTOUYHO-KUIIEYHOTO TPAKTA MOJIb-
3YIOTCS KaIlIMIIe Ha OCHOBE CEPHOKHCIOTO Oapus. Eciu ydecTs, 4TO KOJI-
JIOUAHbIE (DEPPUTOBBIE YACTHUIIBI AaKTUBHO IOTJIOMIAIOT PEHTICHOBCKUE Y-
9, TO MOXHO TOBOPUTH 00 MCIOJIB30BAaHMHM MarHUTHBIX )KHIKOCTEH B Ka-
YeCTBE PCHTTCHOKOHTPACTHBIX BEIIECTB IS THArHOCTHUKH ITOJIBIX OPTaHOB.
Bce mpouenypsl mpu 5TOM CYILIECTBEHHO YIPOLIAIOTCS.

OrpoMHBIil UHTEpeC Ui UccieloBaTeNel MpeAcTaBisieT BOZMOXK-
HOCTh OYHMCTKU CTOYHBIX BOJ OT HEPTEIMPOIYKTOB C MIOMOIIBIO MarHUTHBIX
JKAIKOCTEH.

MarHuTHas XUAKOCTh OONagaeT eme OJHUM YAWBUTEIBHBIM, TO-
WCTHHE YHUKAIBHBEIM CBOWCTBOM. B Heil, Kak u B IOOOU KHUIKOCTH, TUTa-
BAIOT Tella MEHEe IJIOTHBIC W TOHYT TeJa 0OJiee IUIOTHBIC, YeM OHa cama.
Ho ecnu npunoxuTh K Heli MarHUTHOE TOJIE, TO YTOHYBIIKE Tejla HAaYMHa-
10T BCIUIBIBATh. [IpudeM deM criibHee 1oJie, TeM 0oJiee TshKelble Tela Mo -
HUMAIOTCSA Ha MOBEPXHOCTh. Ecnm BO3neiicTBOBaTH MarHUTHBIM IIOJIEM Ha
(eppOMarHATHYIO JKHIKOCTh C Pa3HOH BOCIPHUMYHUBOCTBIO (HAIpUMep,
M3-32 TEMIIEPATypPHOTO TPAJUCHTa) BO3HUKACT HEOAHOPOIHAS MAarHUTHAs
0o0beMHAs CHJIa, YTO NPUBOJAUT K (opMe Temionepeaud Has3bIBac-
MO#l TepMOMarHuTHass KOHBekiusA. Takas (opma Teruionepeaadyd MOKET
WCIIOJIB30BAThCSl TaM, TAE¢ HE TONUTCS OOBIYHAS KOHBEKIWS, HAmpuMep, B
MHKPOYCTPOHCTBAX WJIH B YCIOBHAX IMOHIKEHHOM TPaBUTAIIHH.

Crucok numepamypei.

1. http://www.sciencedebate2008.com/ferrofluid/

2. https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D1%80%D0%BE
%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%B0%D1%8F_%
D0%B6%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C

3. http://lwww.topauthor.ru/ferrogidkost_chto_eto_takoe_celb.html

4. https:/iwww.nkj.ru/archive/articles/4971/

5. https://xn----7sbalhlldtinbt6bgj4oub.xn--plai/
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TEILJIOBASI CMEPTh BCEJIEHHOM

HauuoHarnbHbIl mexHu4yeckul yHUgepcumem
"Xapbkoeckul nnonumexHudeckut uHcmumym"
Cm. C. lWlupokoe
Pyk.: douy. T.U. Xpamosa, cm. np.C.C. KpueoHoc

“Bcs sceneHHas docmugHem merisio-
8020 pasHosecusi 8 bydywem 8 Cpok,
KomopsbIl He 6eCKOHeYHO ydarneH’
(ApTyp OpauHrToH, 1935T.)

OmauM U3 (QyHAaMEHTAJIBHBIX BOIPOCOB BCEJICHHOH, SBIISETCS
Bonpoc ee koHHa. COTHM JIET 4YeJIOBEUeCTBO CTapaloch HAMTH OTBET Ha
3aJaHHbIN Bonpoc. OJHUM U3 OTBETOB Ha ATOT Bompoc Oblia Teopus “Temn-
JIOBOY cMepTH BceneHHO BeiiBHHYTas P.Knaysuycom B 1865 romy. Cytb
€€ COCTOHUT B TOM, YTO BCEJICHHAs B OymyIieM BOMIET B COCTOSIHUE TEPMO-
JMHAMHYECKOTO PaBHOBECHS, TO €CTh B COCTOSHHE C MaKCHMAaJbHOH 3H-
Tponueil. [Ipu cocTosaHuuU “TennoBoil cMepTU” BCe U3MEHEHUS MOJHOCTBIO
mpekpatsTcs, a BceneHHas 3acTelHeT HaBekd. OJHAKO OHA MPOIOJIKUT
CBOE€ CYILICCTBOBaHHs B BHUJE MOJHOCTBIO “MepTBOro” 0e3 3BE3JJHOTO XO-
JIOJHOTO MHMpA, JTUIICHHOTO JIOOBIX IPOIIECCOB.

Cam Knaysuyc npumen x TakoMy BBIBOAY HOC)IE (POPMYIHPOBAHUS
BTOPOTO 3aKOHa TepMoanHaMmuku. OH ommchIBaeT ero Tak: ““ Temora He
MOJKET MEepPEXOUTh CaMOIIPOU3BOJILHO OT 00Jiee XOJIOHOTO Teja K Ooee
TEMIOMY.

OHTpOIUS — 3TO TEIUIOBAsi SHEPTHUs, KOTOpasi B pe3yibTaTe Iepe-
X04a OT OoJiee HArpeToTo Teja K MEHEE HAarpeToMy Tely TepseT CIoco0-
HOCTb OCYIIECTBIISTH ITOJIE3HYIO PabOTYy.

Bropoii 3ak0H TepMOAMHAMHUKH TIPECTABIISIET COOOH, YTO TEIUIOTa
n paboTa, SBIISIOIIUECS, [0 ONpPEIEICHUI0, (opMaMH IepeJadyd SHEPrHH,
HepaBHOIEHHBI. Ecin pa6ora (A) MOKET HEMOCPEACTBEHHO MEPEXOIUTH B
TEIUIOTY ¥ IPU 3TOM M3MEHSIETCS] COCTOSHUE OJHOTO TeNa, TO KOJIMYECTBO
temotel (Q) Takum cBoiicTBoM He oGmamaer. IlogBoa Teria TPHBOJUT
JWIIb K YBETMUYCHUIO BHYTPEHHEH SHEPTUH CHUCTEMBI, T. €. K YBEIWICHHIO
e€ mapamMeTpoB, TAKUX KaK TeMIlepaTypa, AaBjieHue, 00béM n apyroe. Cpasy
rocIie MpeAbsIBICHUs Teopun MUpy, Ha Kiaysuyca cpasy oOpymmiacs Kpu-
THKa CO CTOPOHBI KaK U3BECTHBIX YYEHHBIX, TaK M Pa3IM4HBIX (QHIOCO(OB.

OxkasbIBaeTcsi BTOPOi 3aKOH TEPMOTMHAMHUKH HEBEPEH HITH ITPOCTO
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HETOYEH, TaK KaKk He MPUMEHUM Ko Bcell Becenennoit B uenoM. /Jleno B Towm,
YTO COCTOSHUE C MAKCUMYMOM SHTPOIIMH MOKHO BOCIIPHHHMMATH JIMIIb KaK
ujealn, Tak KaK 3aKOH BO3PACTAaHUs SHTPOIIMHM HE HOCHUT aOCOJIOTHBIA Xa-
pakTtep (a MOJUYMHEH BEPOSTHOCTHBIM 3aKOHaM). J[pyruMu ciioBamH, H3-3a
CITy4aiiHbIX KOJICOAaHUW SHTPOMUS B CHCTEME OyleT BCerja HUXKe MaKCHUMY-
Ma. Eme omHuM aprymeHToB mpoTHUB Teopuu Kiaysmyca cTaHOBHTCA IO-
HuMaHne BceneHHOW Kak OECKOHEYHOH, MOSTOMY ee Helb3s Ha3BaTh HU
3aMKHYTOH, HU HE3aMKHYTOH CHCTEMOH (TaK KakK 3TH KPUTEPHUH HUCIOIB3Y-
I0TCS JJIs1 KOHEYHBIX 00BEeKTOB). I103TOMY BIOJHE JIOTHYHO IIPEIIIONO-
JKUTB, YTO B YCJIOBHUSIX OECKOHEYHOCTH BTOPOM 3aKOH TEPMOJHMHAMHKU HE
MPUMEHUM B NPUHIINIIE, WU TOJIKEH OBITh TOTIOJTHEH.

OpnHako TEPBBHIX KTO J0OKa3al OmMO0YHOCT, MHeHus Kiaysmyca
o TMoBOAY KoHIa cBera, Obu1 JItomsur bompuman. On 3asBun: «TermmoBas
cMmepTs — Oned. Hukakoro koHIa cBeta He mpenBuanTcs. Beenennas cy-
IIECTBOBaJIA U OyZET CyIIeCTBOBAaTh BEUYHO, NOO OHAa COCTOMT HE M3 HAIIMX
«UYBCTBEHHBIX NPEJICTABICHUIY», KaK MOJIaratoT SMIUPUOKPUTHKH, U HE U3
pa3HOTrO poja PHEPruil, Kak MojaraloT OCTBAJIBIOBIEI, a U3 aTOMOB U MO-
JIEKYJI, ¥ BTOPOE€ HA4al0 TEPMOAMHAMHUKYU HAO NPUMEHSATH HE 110 OTHOIIE-
HHUIO K KaKOMY-TO «3GHpY», DyXy WIN SHEPTeTHYECKOW CyOCTaHINH, a K
KOHKPETHBIM aTOMaM U MOJIEKYJIam».

B 1872 r., npuMeHUB CTaTUCTUUYECKHE METOMAbI K KMHETHYECKON
TEOPUH Ta30B, BhIBEJ OCHOBHOE KMHETHYECKOE ypaBHEHHE ra3oB. Y CTaHO-
BUII (DyH/IaMEHTaJIbHOE COOTHOIICHHE MEXIY dHTpomuen (u3nueckoit cu-
CTEMBI M BEPOSTHOCTBIO €€ COCTOSHHUS, OKa3all CTATUCTUYECKUIN XapaKTep
BTOPOT0O Hayalla TEPMOJUHAMUKH, YTO yKa3aJ0 Ha HECOCTOSATEIbHOCTb I'-
MOTE3bI «TEIIOBOM cMepTH» Beenennoit. @opMyna nmpuBeeHa HUXKE!

S=kslnW

rae § — suTponus, K — koHcTanta bonpumana, W — KOJIMYECTBO MHKPOCO-
CTOSIHUH, pealu3yIoLUIIM MaKpOCOCTOSHUE.

Haxe, Ilana IMuit XII no sTtomy moBoay 3aMeTHII: «3aKOH SHTPO-
MK, OTKPBITEIH Pynonspom Knaysmycom, mam HaM yBEepeHHOCTb B TOM,
YTO B 3aMKHYTOM MAaT€pHaNbHON CHUCTEME, B KOHIE KOHLOB, IPOLECCH B
MaKpOCKOIIMYECKOM MaciiTabe KOTIa-TO IpeKparsaTcs. OTa IedaiabHas
HEOOXOANMOCTh CBUAETENLCTBYET O cymecTBoBaHun Heobxomumoro Cy-
niecTBay. MbIcib, BEICKa3aHHAs I1aBOM XPUCTUAHCKOM LEPKBU B CEpeaUHe
XX Beka, MPUBOAUT K MPOTUBOPEUHIO C MPUHIIMIIOM BEYHOCTH JIBHKCHUS
BO BceneHHoM, BEIpaXaromUMCes B 3aKOHE COXPAaHEHUS SJHEPT M.
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INPOMBIINJIEHHBIE METO/AbI U3MEPEHUA

TEMIIEPATYPBI
HauyuoHarnbHbIl mexHudeckul yHusepcumem
«XapbKogcKUl rnonumexHu4ecKul UHCmumyms
Cm. A.U. KpacHukoea
Pyk. doy. T.U. Xpamoea

KoHTponps TeMmepaTypbl HEOOX0IUM MPaKTHYECKH B JIF000H 06ma-
CTH HayKd M TEXHUKH, IPOU3BOJICTBA, KaK NPH M3yYEHUH IPOUCXOIAIINX B
NPUPOJIE MPOLECCOB, TaK M Ui HOPMAIBHOTO (YHKIHOHHPOBAHUS Pas-
JIMYHBIX TEXHUYECKUX YCTPOHCTB M TEXHOJIOTMYECKUX IPOLIECCOB.

W3mepenne temrepaTypbl OCHOBaHO Ha 3aBUCUMOCTH KaKoi-JIn00
(u3MYeCcKOi BENMUMHBI OT TEMIIEpaTypbl. B MpoMbINIIeHHOCTH Hanboliee
pacmpocTpaHeHbl METOJIbl, OCHOBAaHHbBIE HAa 3aBUCHMOCTH 3JIEKTPHYECKOTIO
CONPOTHUBIICHUS WM HANIPSHKEHHUS OT TEMIICPATYPHI.

B Hacrosmiee BpeMs CTaHIapTOM JUIsi GOJIBIIMHCTBA MPOHM3BOJICTB
CTaJM TEPMOINIEKTPUYECKHE TEPMOMETPHI (TepMonapbl) Onarogaps ypes-
BBIYAWHO HU3KOW CTOMMOCTH, IIPOYHOCTH, IMMPOCTOTE W3TOTOBJICHUS U ILH-
POKOMY Iana3oHy U3MEpSeMbIX TEMIIEpaTyp.

W3mepeHue Temreparyp HpH IIOMOIIM TEPMOIIAD OCHOBAaHO Ha
s dexre 3eebeka, KOTOPHI 3aKIIFOYaCTCS B TOM, YTO B 3aMKHYTOM KOHTY-
pe, cocTosimeM M3 JBYX Pa3HOPOJHBIX ITPOBOJHHUKOB, HENPEPHIBHO TEYET
ANEKTPUUYECKUI TOK, €CIIM MecTa CHaeB IPOBOJHUKOB UMEIOT Pa3IMYHbIE
Temrnepatypsl. CieqoBaTenbHO, €CIM COEIUHHUTh CBAPKOW OJHH KOHI[BI
IPOBOJHHUKOB M3 Pa3HBIX META/UIOB M IIOMECTHTh MX B MECTE M3MEPEHHS
TEeMIIePaTyphl, TO MEXKIY OCTABIIMMHUCS KOHIAMH IMOSBUTCS HANpsDKEHUE,
OPSAMO MPOHOPLUHOHATEHOE Pa3HOCTH TEMIEPATYp Ha FOpsiYeM H XOJOIHBIX
KOHIIaXx Tepmonapsl. Hanbosiee pacnpocTpaHeHHbIE COYETaHHUS MPOBOJHU-
KOB B MPOMBINLICHHBIX TepMomapax: «xpomenb (Ni-Cr) - koncrantun (Cu-
Ni)», «xpomens (Ni-Cr) - amomens (Ni-Al)», «menp - korncraatu (Cu-Ni)»
n «mratuaa (10% pomwms) - poaumit». 3a CY4eT MHTETPUPOBAHHSA B OJHOM
U3MEPUTEIEHOM YCTPOWCTBE TepMomapbl, Iud(depeHInaaIbHOr0 aHalIoro-
BO-IIM(POBOro MpeoOpa3oBaTessi BBICOKO pa3pelIeHHsi U COBPEMEHHOTO
TUIATHHOBOT'O TEPMOPE3UCTOPA UISi U3MEPEHUS] TeMIepaTypbl XOJOIHOTO
crasi yaanoch co3/1aTh CUCTEMbI H3MEPEHHUS TEMIIEpaTyphl B AWAa30He OT -
270 no +1750°C ¢ Tounoctsio £1°C, KOTOpbIE TaPaHTUPYIOT BOCIIPOU3BO-
JFMBIE U3MEPEHHS JaXKe B TSHKEIIBIX POMBIIIICHHBIX YCIOBHUIX.
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TEOMATHITHE IIOJIE TA MOI'O BILIUB

HA KUBI OPT'AHI3MH
HauioHnansHut mexHiyHul yHisepcumem «X[1l»
Cm. I1. QueaHok
Kep.: dou. O.M. AHOpeeea, dou. O.M. AHOpees

VY 1600 pomi anrmificbknii BueHnid B. 'inp0epT mpeacraBus cBiTy
cBoto KHUTY «IIpo MarHiT, MarHiTHi TiNa i Ipo BeNMUKHN — 3eMIIIO», B Hilf
Oynu omwmcaHi (akTH, sIKi JOBOIWIM, IO HAIIa IJIAHETa — BEIMYE3HUN Mar-
HIT, SIKMil BIUIMBA€ Ha TMOBEAIHKY CTPUIKM Komrmiaca. PaHille BBaxkanu, 110
MarHiTHa CTpiika npuTsAryerbes [lonspHoro 3ipKoro.

3emiisi Ma€ MarHiTHE 1MOJIC JUITOJIBHOTO THITY, HIOW B 1i IIGHTPi pO3-
TAIIOBAaHUI TiraHTChKUH cMyroBui MarHiT. Cepes HasBHUX TiIOTE3 MOXO-
JDKEHHS MarHiTHOTO IOJI HAIOl IJTaHETH HAHOUIBII 3arajJbHO BU3HAHI JIBI:
MoJIe BUKIMKAHO OOEpTaHHSM 3alli3HOTO siIpa a0 TIraHTCHKUM €JICKTPHU-
HUM CTPYMOM, IO OTepi3ye 3eMIII0 Ha BEJIMKIN BiJICTaHi Bif il EHTPY.

3a wiacudikaitiero b.M. SHoBcbkoro [1] reoMarHiTHe mMmoJjie Mae
TaKi OCHOBHI CKJIaJIOBI: CTajla — OCHOBHE MarHirHe roJjie 3emii (IpuTaMaHHi
MOBiTBHI 3MIHH 3 YacOM); CBITOBI aHOMaUii — itstHKH po3mipamu 1010° M B
SKHAX CIIOoCTepiraeTbes 3Ha4HE BinxwieHHs (6mm3bpko 20 %) posmomity Ha-
npykeHocri Bix 3aransHOTO (Bpasmnbceka, Kanaaceka, Cubipcbka); 3MiH-
Ha, BU3HAYA€THCA JUKEPETAMH Y BUTJIIAI CTPYMOBHX CHCTEM, 30KpeMa, Io-
TOKaMH HaMarHiueHol Ia3Mu, 1o npuxoasath Bix COHIM pa3oM i3 COHsY-
HHUM BITPOM, 1 GOPMYIOTh 3eMHY Marsirocdepy.

KopoTtkouacHi pi3ki 3MiHM TNapaMeTpiB CHOKIfHOTO MarHiTHOTO
1oJ1s1 (TOPU30HTANBHOT CKJIaJIOBOT HAIPY>KEHOCTI TE€OMArHiTHOTO MOJIs, KyTa
MarHiTHOI'0 HaXMJIy Ta KyTa MarHiTHOTO CXWIIy) IPUHHATO Ha3HUBAaTH MarHi-
THUMH OypsiMu. 3rigHO Teopil [2], panToBuii mOYaTOK MarHiTHOI Oypi 03Ha-
Yae MPHUXiJ TiAPOMArHITHON yZapHOI XBWIJI, KOTpa BUHUKAE KOJU ITOTOKU
YaCTMHOK BOJHIO 3 HE3HAYHOO KUIBKICTIO TEJIiI0, sIKi BHACIIAOK 10HI3arii
aTOMIB 3HaXOJITHCS B IUIA3MOBOMY CTaHi, jgocsararors 3emii. [lix yac mar-
HiTHOT Oypi CHIOCTEpIraeThesl MIBHJIKA 3MiHA HAIIPYXEHOCTI MarHiTHOTO I10-
JsL Ha cepenHiX mmpoTax 3 ammiiryaorw Big H; = (0,08-0,4 MA/M) (HOpMa-
npHI Bapiamnii craHoBIATEH =0,04 — 0,06 MA/M). 3a IHTEHCHBHICTIO MarHIT-
Hi Oypy MOXyTh Oya¥ BEIHKHMH, IIOMIPHUMH Ta cia0kumu. HaiOimsm cu-
TbHI Oypi BimOyBatOThCA i Yac 3pOCTaHHS Ta CMaay COHSIYHOI aKTUBHOCTI,
a iX 4acToTa BHM3HAYAEThCS COHSYHOIO AKTHUBHICTIO, KOTpa 3aJICKUTH Bil
TIOPH POKY Ta 30UIBLIYETHCS B IIE€Pi0J] PIBHOACHHS.

IcHye BenwKa KUTBKICTh JOCTIIPKEHB [3 - 5], KOTpI TOBOJSATH BIUIHB
c1a0KnX €JIEeKTPOMArHITHUX TIOJIIB Ta KOJMBaHb I€OMArHiTHOTO TOJISI Ha
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JKUB1 OPraHi3aMu Ta X peryjiIsaTOpHI MEXaHi3MH Ha BCIX PIBHSAX: MOJICKYIISIp-
HOMY, BHYTPIKIITHHHOMY, MDKKIITHHHOMY U T.0. Psax mocnmimHukiB [6, 7]
BBaXKa€, IO T Mdi€f0 MarHiTHUX Oyp BimOyBaeTbcs 3MiHA MAarHiTO-
SJIEKTPUYHHUX BJIACTHBOCTEH KIJITHH Ta MOJIEKYJ BOIH, KOTP1 BXOIATH IO
CKJIaJy KJIITKOBUX MeMOpaH, 30KpeMa, BiI0yBalOThCsl TIOPYLICHHS B TPaHC-
MeMOpaHHOMY TpaHcnopti Boau Ta ionis [8]. Tenforde [9] BBaxkae, mo 30-
BHIIITHE €JICKTPOMArHiTHE 10JIe CHpUSIE MOSBI IHAYKIIHHUX TOKIB B MDKKITI-
THHHOMY Cepe,I[OBI/IH.Ii IO TPU3BOJUTE 0 EJICKTPOXIMIYHHX 3MIiH B KOM-
MMOHEHTAaX KIITKOBUX MeM6paH Ha ZYMKY leoff [10], cuna Jlopenma BIoH-
Bac Ha TPaeKTOpilo pyxy ioHi K, Mg?*, Ca?* Kpi3b 10HHI KaHAT MeMOpaH.

[Nepeciunuii MelIKaHEeb HAIIOI IUIAHETH BiUyBae HECIPUATIHBY
JII0 MarHiTHUX Oyp 3a paXyHOK MOPYILIEHb BIACHUX OIOPUTMIB, IO iACHTH-
YHO CTPECOBIi CHTyallis JUIsi OpraHiaMy. 30KpeMa CIOCTepiraeTbcsi 3MEH-
IIEHHs] BUPOOJIEHHS TOPMOHY, BIINOBIZaJbHOTO 32 afanTaiiio (MelaToHi-
HY), a KOpa HaJHUPKOBHX 3aJ103 BHIUIAE Ha0araTo OUTbIIe KOPTU3OHY («T0-
pMOHY cTpecy»). JltoquHa MOXe BiAdyBaTH B Taki JHI TOJIOBHUH OuIb, CTO-
MJIEHICTb, 3aMaMOPOUEHHS, 3HIKEHHAM 1 HECTIAKICTIO ameTuTy, 0€3COHHS,
CBep6H$I'-IKy i ekyuiii Ounb Ha pykax, Outk B cyriiobax. Y XBOpuX Ha cepuie-
BO-CyIMHHI 3aXBOPIOBAHHSI MiJ Yac KOJIMBaHb F€OMarHiTHOT'O MOJIS MiJBH-
IIYETHCSL apTepialIbHUN TUCK, 3MIHIOETHCSI KOPOHAPHUH KPOBOOOIr, 110 MO-
K€ TIPU3BECTH JI0 TIMEPTOHIYHOTO KPH3Y, IHCYIBTY, iH(ApKTy MioKapaa.

Tomy BHBYCHHS BIUIMBY KOJHMBaHb I'€OMarHiTHOTO IOJIS Ha Opra-
HI3M JIIOIWHU SIBJISIE COO0I0 aKTyaJbHY HAyKOBY 3a/1a4y pi3HOMAaHITHHX 00-
JlacTel HaykH, 30KpeMa 010(i3uKH, 610JI0TIi Ta MEIUIIUHH.

[1] B.M. SIHoBckuit 3emuoii MaraeTnsM. - JL.: Jlen. yu-1, 1978. — 591 c.;[2] JI.B. Ta-
pacoB 3emHo# Maruetusm. - J1.: Utemnekr, 2012 — 184 c.; [3] B.I'. Cunsikun Binsiaue ¢uykrya-
Wil COJTHEYHOH aKTHBHOCTH Ha Oaonormueckue cucreMmsl // buodmsuka. — 1992. — T.37, Ne 4.
c.647 — 652; [4] Xononos 0.A., H.H. JleGenesa Peakiyn HEpBHOW CHCTEMBI YelIOBEKa Ha JJICK-
TpoMarHuTHble nosist. — M.: Hayka, 1992. — 135 c.; [5] A6amkansun H.A., Makapos N.1. Biusi-
HHE F€OMarHUTHBIX OYpb Pa3JINYHOM HHTCHCHBHOCTH HA [TApaMETPbl OHOJIEKTPHYECKOM aKTHB-
HOCTH T'OJIOBHOTO M€3ra M EHTPAIbHON IOCAMHAMUKHI B 3aBUCHMOCTH OT THITA KPOBOOOPAILCHHSI
y IIPaKTHYECKH 310POBBIX JHL // DKonorus yenoBeka. — 2001. — Ne 1. — c. 4 — 8.; [6] Bpeyc T.K.
Buonoruueckue 3¢dpextsr conmHeuHol aktuBHocTH // Ilpupoma. —1998. — Ne. 2. —c. 75 — 88.;
[7] OAybpoe A.Il. T'eomaruutaoe mone u sxusub. — Jl.:lmapomernomspar, 1974. — 175c,;
[8] T'ak E.3., Kpacnoropckass H.B. O BO3MOXXHO NPHPOZE SIEKTPOJUHAMHYECKUX SBJICHHN B
JKUBBIX CHCTeMax // DIeKTpoMarHuTHbIe moist B Onopusuke: B 2 T. T. 2 Bronornueckoe aenct-
BHE 3JIEKTPOMArHUTHBIX nosiell. — M.: Hayka, 1984. —c. 179 - 184.; [9] Tenforde T.S. Interaction
of extremely low frequency electric and magnetic fields with humans // Health Phys. — 1987. —
Ne 53. — p. 585 — 606.; [10] Libofff A.R. The electromagnetic field as a biological variable // On
the nature of electromagnetic field interaction with biological system — Austin, 1994. — p. 59-72.

76



XVII Pezionanvrna naykosa cmyoenmcoka KoHgepenyis
AKTYAJIbHI [IPOBJIEMH DI3UKH TA IX IHOOPMAIIIHHE 34AFE3IIEYEHHA

OU3UKA ITPUT'OTOBJIEHUS KO®E
HauyuoHanbHbit mexHuveckul yHisepcumem « X[ »
Cm. U. Mob6a
Pyk. cm. np. K.A. MuHakoea

Kode MbI ibeM Beeraa xodercs, 4ToObl OHO OBIIO Jydlne, Kade-
CTBEHHEW W BKyCHeW. B maHHOW paboTe OymyT M3ydeHBI CIOCOOBI MPHUTO-
TOBJICHHSI KO(e, U MBI ITOoIpoOyeM OOBSICHUTH OCOOEHHOCTH MPUTOTOBJIE-
HUSI HEKOTOPBIX BU/IOB HAIIUTKOB C IOMOIIBIO 3aKOHOB (DM3UKH.

MBpI paccMOTpeNIH OCHOBHBIE CIIOCOOBI MPUTOTOBIICHUS Kode: Ku-
MsTYeHBI Kode, kodeBapka ¢ OyMakHBIM (QHIBTPOM, PACTBOPUMEIA Kode,
cmapunnas Heanoaumauckas kogesapka «Napoletanay, «dxcnpeccoy,
UMANBAHCKASL «MOKKA», «Ko(e mo-Typenkmn». 1 BeiOpanu Te crnocoObl, rae
ecTh HanboJiee HHTEpeCHas: PHU3HKA.

Cmapunnas neanonumanckan kogesapka «Napoletanay.

“Napoletana» coCTOUT M3 IBYX COCYNOB, ITOCTaBJICHHBIX OIWH Ha JpY-
roi, 1 QuibTpa, 3aroJHEHHOr0 Kode, Mexay HUMU. Boxa B HIXKHEM LU-
JMHJpE JTOBOAMTCS JIO KHIICHHMS, 3aTeM KoQeBapka CHHMAeTcsi C OTHSI U
nepeBopadynBaercs. [Ipoucxomut ¢GuiabTpanus moJ JSUCTBHEM AaBICHUS
cT0s10a BOABI MOPSAKA HECKOJIBKUX CAHTUMETPOB, TaK YTO Ap HE IIpeBbIIIa-
et 0,01 arm. [Ipomecc mpUroTOBICHNUSA HICT MEUIEHHEH, 9eM B MOKke. O -
HaKo Kode BBIOMparoT 0ojiee KPYMHOTO MOMOJA, YeM Al MOKKH, MHade
HamuTOK OyJeT roTOB JHIIb Yepe3 Ioyrdaca U OKaKEeTCs XOIOAHBIM. JTa
Ko(eBapKa HaATOMHHAET MOKKY, OJTHAKO BMECTO (PHIIBTPAIH H30BITOUHBIM
JIABJICHUEM I1apa UCTIONB3YIOT (UIBTPALIUIO O] BIUSHUEM CHIIBI TSDKECTH.

«IKkcnpeccon

AmmapaT 11 IPUTOTOBIICHNUS «IKCIIPECCO», KOTOPBIH TOXKE HA3BI-
BaIOT 3KCIIpecco, ropasno Oompiie. B kodeBapke akcmpecco Boaa ¢ TemIie-
parypoii 90-94 °C mpomaBmmBaeTcs ToX AaBieHHEeM 9-16 aTM CKBO3b
GUIBTP ¢ KOPEHHBIM MMOPOIIKOM CIEIHAIHHOTO MTOMOJIa, eme doee Me-
KOTO, 4eM U1 MOKKH. Bech mpomecc 3aammMaet 15-25 cexyHn, B pe3yabTare
9ero M3roTaBIuBaioT 1-2 mopuuu kode mo 20-35 mur kaxmas.

[Ipormecc npoTekaHus KUAKOCTH CKBO3b (QHIBTP C KOGEHHBIM ITO-
POIIIKOM OITMCHIBACTCS 3aKOHOM JlapcH, OJTHAKO pa3sHOCTb JABJICHHH, PH-
naraemasi K QUIBTPY, 3/I€Ch B JECATKH pa3 OOJbINE, a TeMIlepaTypa HIDKE
100 °C. CpaBHHUTEIBHO KOPOTKOE BPEMsI B3aMMOJICHCTBUS BOJIBI C IIOPOLI-
KOM COBMECTHO C BHICOKHM JIaBICHHEM OCTABIISIIOT B TIOPOIIKE BCE JINIIIHEE
W M3BJICKAIOT M3 HETO BCE JIydIllee: dIMYIbCHH KOpEHHBIX Macen GpopMupy-
I0T Ty TYCTOTY HAIlMTKa, KOTOpas HE MOXXET OBITh OCTHTHYTAa HUKAKUM
JIPYTEM CIIOCOOOM; €T0 apoMaT COXPAaHIETCs] HATMINEM TIEHKH, KOTopast He
MO3BOJISIET HCYE3HYTH JIETYYNM KOMIIOHCHTAM.
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3akon dapcu

B cepeaune XIX B. Jlapcu cdopmynupoBan JHMHEWHBIH 3aKOH
¢unbTpanuu. OH cBA3bIBaeT 00BEMHBIN pacxo] xuakocTu Q uepes mnecya-
HBIH QUIBTP, AMHA KoTOporo L, a miomans S, ¢ pasHOCTHIO YpOBHEH BO-
16l AH Haj GuiibTpoM Uy ero ocCHOBaHHS.

C nomouipio 3akoHa Jlapcu MOXKHO y3HaTh, 10 KaKO# TeMIlepary-
PBI IeperpeBaeTcsl KUISATOK B HIDKHEW yacTu kodeBapku. st aToro ore-
HUM pa3HOCTh JABJICHHS MEXIY HIDKHEH M BEpXHEH cTOpoHaMH (QuibTpa
o gopmyne Japcu:

AP=WnL/k=mnL/pStk Q)

XapakTepHbIe pa3Mepsl QIIIBTPa Y MOKKH Ha 3 mopuuu: L=lcMm u
S=30cm?, macca koe m=150r Haberaer 3a t=3MHH, KOXPPHUIUEHT TPOHU-
aEMOCTH k~10'13M2, MJIOTHOCTh BOJBI - p=10001<r/M3, BS3KOCTH
n (100°C) = 10 *Ia*c. CornacHo rpaduKy 3aBHCUMOCTH JaBICHHS HACHI-
IIEHHOTO TIapa OT TeMIIepaTypbl KUIICHHUSI:

p=10°Tla — t°C =110°C (2)
Hmanvanckaa «Mokka»

OnHOM M3 caMBIX paclpoCTPaHEHHBIX KO(EBapOK s TOMAIIHETO
npurotosienus kode B Uranuu u Poccun sBnsiercst Mokka. OHa COCTOUT
U3 TPeX YacTel: HIDKHEr0 YCeUeHHOro KoHyca (HarpeBaresi), Ky/a 3alnBa-
eTcs BOJIa; METaJUIMuecKoro (uibTpa, Kyaa 3achlmaercs Kode cpeaHero
MOMOJIa, U BEPXHEr0 YCEYEHHOro KOHYCa, TJie HAKAIUIMBACTCS TOTOBBIM
HAIIUTOK; BOJAY CJICAYCT HAJIWBATH 1O YPOBHA KllallaHa, (I)I/IJ'H)Tp 3aChINar0T
MOJTHBIM (TIpUMEpHO 6 T Ha MopIuio B 50 MIJI BOJIBI).

Iporecc mpuroToriicHUs Kode B MOKKE BecbMa 3aHUMarejcH. B
¢mIBTp 3ackinaeTcs KOQEHHBIA MOPOIIOK U YTpaMOOBBIBACTCS, B HUYKHIOKO
JacThb MOKKHM 3ayiuBaercst Boja. KodeBapka cTaBuTcs Ha CrnaOblif OTOHB.
[Tpouecc MPUrOTOBIICHNS 3aKIIOYACTCS B AOBEICHUU 0 KHUIIEHHUS BOJBI B
HarpesaTese, MOCIEAYIOIIEM €€ IeperoHe depe3 KO(EHHBIH MOpPOLIOK H
MOJbEME HANUTKa MO TPYOKE M €ro cimBe B BepxHHUil o0beM. Ilocne storo
Kode rOTOB K pa3IuBY MO JalkaM. Bee KakeTcst MPOCTHIM U MOHSTHBIM.

Ho uto sBsieTcs «apuraresem» onucaHHoro nporecca? Konedso,
oroHb. Bosa, kumAmas B 3aMKHYTOM 0OBbeMe, TAe €l OTBeIeHO Ooibliee
MECTO, YeM Iapy, HaJl MOBEPXHOCTHI0 HMeeT Temreparypy ceeime 100°C, a
Iap M €ro IaBJEHHE HaJ TOBEPXHOCTHIO BOJBI, OCTaBasCh HACHIIICHHBIM,
mpeBslIaeT | aTM W pacreT. BHemrHee naBieHME BIJIOTH IO BEPXHETO
ypoBHS PpHIBTpPa paBHO aTMOC(HEPHOMY.

Hacreimennsnii map ¢ Temmeparypoit ceeime 100°C HaumHaer wr-
paTh posib CKATOM MPYXKUHBI, TPOJABIMBAIOLIEN NIEPErPETHIA KUIIATOK Ye-
pe3 kodeitHbIit mopomok. M3 kode n3BIeKarTcs BCe T€ apOMaThl, Maciia u
JIp. KOMIOHEHTBI, 4TO MPEBPAINAIOT BOAY B UyACCHBIH HAITUTOK.
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B3puie «moxku»

Ectp MHeHue, 4ro 3TH KO(EBapKH BBIXOJST U3 IOBHHOBEHUS H
npeBpamaTcs B 00MObI. [IpHUMHBL: MOXKET 3aCOPUTBHCS MM OKHCIHTHCS
aBapUIHBIN KIlallaH B HWYKHEH 4acTW MOKKH; IUIOTHOYIIAKOBAaHHBIN Kodeii-
HBIA MOPOIIOK CJIUIIKOM MEJIKOTO MOMOJA NMPUBOJUT K HEMPOXOJUMOCTH
camoro (ubTpa.

Hror: nox neicTBHEM IIPOJOJIKAIOUIETOCS HArpeBa, JaBlIEHUE B
HIDKHEM COCYJI€ BBIPACTET HEJOMYCTUMO BBICOKO, BOZA IPOoObeT cede Ka-
HaJI B QUIBTPE M COPBET BEPXHIOI YaCTh KOpeBapKu ¢ pe3bObl. JIMHEHHBIH
3akoH (unbTpanmu Jlapcu Hanucan Oe3 yuera KanMJUIIPHBIX sBieHuit. [Tpu
cpenHeM panuyce KanuuisapoB r = 0,1 MM 4acTh U3 HUX MOKET OKa3aTbCs
3aneproil s MPOTEKAHUA KUAKOCTH NpH HOPMAJIBHOM Pa3HOCTH JaBiie-
HUii Ha punbTpe (Ap = 10° [Ta). OueHuM MaKkCHUMaJIbHBIN (TEOPETHUECKHUIN)
yiiep0, KOTOPBIil MOKET HAaHECTH MOKKa, MPEeBPaTsICh B TEIUIOBYIO OOMOY.
Bynem ucxomuth U3 Xyauiero: 3a0MiIoCh Bce, YTO MOTJIO 3a0uThest M 150 T
BOJBI Pa3oTpeBalOTCs B 3aMKHYTOM oOneme. IIpu TemmepaType mopsiaka
KpUTHYECKOH (INIOTHOCTH Mapa CPaBHMBACTCA C TUIOTHOCTBIO BOJIbI), KOTO-
pas s Boabl paBHa T, = 373°C = 646K, Bcsi Boja peBpaTHTCSA B map.
Haiinem naBneHue B HHKHEH 4acTu:

Jlano: Pemenune
m=150r I/I3 3akoHa Knanelipona-Menpeneena:
V =200 cm® = MM*(RT,/V)

M = 18 r/monp —(0 15kr/18*10 kr/mMoup)*

R = 8,31 Ix/Moms*K *(8 314 Tx/mMonp*K*646K)/ 2*¥10*
T =646K w18

P ? P = 2,24*107TIa

Wror: 310 naBneHue mopsiika UMEloLerocss Ha aHe MapuaHckon

BHasuHbl. Jla ¥ SHEprusl, 3anaceHHas B Ko()eBapKe, BIEUATIACT:
E =5/2P,, V= 150 x[Ix 3)

Tak 4T0 B3pBHIB pa3orHan Obl OTAENBHBIC YACTH MOKKH IO CKOPO-
CTel NopsAJIKa COTEH METPOB B ceKyHAy. Ho ncxons U3 npuBeneHHON OLeH-
KU TIOHSITHO, YTO pe3b0a HE BBIAEPKUT TOPa3no paHbLIE.

UT0oO0BI yIMy4mnTh KadecTBO KOode HaIo CTaBUTHh Ko(eBapKy Ha
C1a0bBIil OTOHB, YTOOBI TIpoIece (PUIBTPANK TPOXOANI MEIJICHHEE U Tap B
HIDKHEM COCyZe HE CIHMIIKOM ImeperpeBancsa. UtoObl m3bexkats 3¢ddekra
«OOMOBI» CllemyeT: IPICMAaTPUBATh 3a KiamaHoM; 0) BEIOHpaTh Kode cpel-
HETO TIOMOJIa; B) 3aCHINATh €ro B QMIBTP 03 TOPKH U HE yTPaMOOBEIBATH.

1. «YnuBurenpHas ¢puzukay, JLI'. Acnamasos, A. Bapiamos, lo6pocseT, 2004r.
2.BapnamoB A., banectpuno [[x. ®m3uka npurorosienus kode //Kpanr. — 2001. — Ne 4. —
C. 2-7. 3. Cnoco6sI mpuroroienus kode - http://kofe.dp.ua
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CYJA HA TIOABO/JHBIX KPBLJIbAX

HauuoHasnbHbil mexHudeckul yHugepcumem « X[ »
Kyp.: C. Apxunose, B. 3asuptoxa, A. Kosanb
Pyk.: cm. np. K.A. MuHakoea, cm.np. FO./. BepemeHHuKkoea

[lepBrIM Mael0 MalIMHBI Ha BO3AYLIHOW MOMYIIKE BhICKazan K.O.
[TnonkoBckuii B 1927 roxy, B pabore «ConpoTHBICHNE BO3/TyXa U CKOPBIH
noe3». OTo OECKOJIECHBIN 3KCIpecc, KOTOPBIA MUYMTCS HaJl OETOHHOM 10-
pPOTOM, ONUPasACh HAa BO3MYLIHYIO IIOAYIIKY — CIIOM cKaToro Bosnyxa. Ho
HauOoJplee paclpoCTPaHEHUE MPUHIUI ABMKEHHUS Ha BO3AYIIHOW IIO-
JIYIIKE TTOJIyqrJI HA PEYHOM U MOPCKOM TPaHCIIOPTE.

BriepBeie kaTepa Ha BO3AYIIHON MOIYIIKE TOCTPOMIIN M UCTIBITAIN
B 1935 — 1941 roxmax mox pykoBojacTBoM Ipodeccopa MocKoBckoro aBua-
IUOHHOTO MHcTUTyTa Bramumupa JleBkoBa. Oauu u3 Hux, JI — 5, B 1937
TOJly Ha HCHIBITAHUSIX B DUHCKOM 3aJIMBE IOCTHT PEKOPAHON CKOpoCcTH — 73
y3na (135,2 kM B 4ac).

BaxHBIM 3TanoM B pa3BUTHH CyIOB Ha BO3IYIIHOW IOMIYIIKE CTa-
10 n3obperenne B Aurimu B 1955 roxy npodeccopom Kpucrodepom Kox-
KEPEJJIOM COIUIOBOW cXeMbl (POPMHUPOBaHHs BO3AYIIHOM Moaymku. EMy sxe
NIPUHAUISKUT n300peTeHne ruokux orpaxaenuii. B 1959 rony B nposmuse
Jla-MaHI1 mosiBUIIOCH CTPaHHOE CYJHO C IMJIMHAPUYECKOH OaimrHel moce-
pemune. CraproBaB n3 ®dpaHIMH, OHO TEPECEKJIO MPOJIHB M, OCTUTHYB
noOepexbsi, Kak HA B 4eM He ObIBano, MpOJOJDKWIO CBOH myTh.OnmHa U3
CaMbIX yJauyHbIX 3apyOeKHBIX Pa3padOTOK — co3JaHHBIN B BenmkoOpura-
Huu B 1972 roay 33-rounsiii karep BH-7 «Bemnunarron». OH MOXeT HecTu
14 TOHH rpy3a U IpH 3TOM JIETETh HAJ BOAOH CO CKOPOCTBIO OKOJIO 60 y3-
soB (111,12 kM B yac). Cynao Ha Bo3mymHO# moaymke (CBII) e mocra-
TOYHO CHJIBHO HOTPYKaeTcsl B BOLLY, YTOOBI Ha3bIBATh €TO CyIHOM, OJHAKO,
W HE CHJIBHO BBICOKO IApUT HaJ HOBEPXHOCTBHIO 3€MIIM, YTOOBI OTHOCHTH
ero K aBuanuy. [IpocTbIM BOIIPOCOM CaMOJIET WIIK CYTHO TYT HE OOOHTHCH,
tak kak CBII crocoGHBI nepeaBUraTbecsi Mo BOAE, 10 CYIIE, MTPeoIoJieBast
KaHaBbl M OBpary, u mo abpay. Cyga BBIXOAAT HAa CyHIy IPSIMO U3 BOJBI,
MO3BOJISIIOT MEPEIBUTaThCsl MO IMOJISAM, OOJIOTaM, MEIKOBOMABSIM, CHEXHBIM
MYCTBIHSAM H, B OTIIMYHE OT BEPTOJIETA WIIM CaMOJIETA, IO3BOJISIOT CAENaTh
OCTaHOBKY B JIFOOOM MecTe.

IIpuHLUD IBUXEHUS HA BO3IYIIHOM MOAYIIKE CETOAHS HCIOJIb3Y-
eTcs M B IPYrUX BUIAX TEXHUKU. [0oSBUINCEH BE31€X0bI, CAMOKATHI, MOTO-
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IIUKJIBI, TA30HOKOCWJIKH U JIETCKHE MTPYIIKHA Ha BO3AYIIHBIX MOAYyIIKax. B
nocieanue roabl ApQexT BO3AYIIHOW MOAYIIKH CTAIN HCIOJIb30BaTh U B
MEIUIIHE.

Puc.l. Texanka Ha BO3LyIIHON TOIYIIKE.

Jlronei, MOJTyYMBIIMX OKOTH, IOMEIIAIOT Ha «BO3YIIHbIE MaTpa-
CBD)» — TOHEHbKHE, HO MHOTOYHCIIEHHBIE CTPYHKH BO3/yXa MOJIEPKUBAIOT
TENo 4enoBeka B Bo3myxe. OKOTHM IPH 3TOM 3aXHBAIOT Topas3io OblcTpee
0OBIYHOTO, U YEJIOBEK HE CTPaZaeT OT IPUKOCHOBEHHMS K MaTpacy.

Puc.2. IToBceqHeBHAs TEXHUKA HA BO3AYIIHON MOAYILKE: Fra30HOKOCHUIIKA U
CHETOKAT.

Ilpunyun pabomeul.

BO3AYIIHAA TTIOJYIIKA — 3T0 coi ¢)XaToro BO31Iyxa MOJ
JHUIIEM CyAHA, KOTOPBIH NPHIIOJHUMAET €ro HaJ IOBEPXHOCTHIO BOJBI
WM 3€MJIM C TIOMOIIBIO BEHTWIATOpPa. OTCYTCTBUE TPEHHMS O MOBEPXHOCTH
MO3BOJISIET CHU3UTH CONPOTHUBIICHHUE ABWKEHHUIO U YBEJIIMYUTH CKOPOCTh. OT
BBICOTHI 1OJIbEMA 3aBUCHUT CIIOCOOHOCTH TaKOT'O Cy[HA JBUTaThCs HaJ pas-
JMYHBIMH NPEMSITCTBUAMH Ha CyIIE WM HaJ BOJTHAMHU Ha BOJIE.

[ToroBopuM o mpuHIUIE PabOTH BO3AYIIHON MOAYIIKK Oojee 1mo-
npobHo. Uem mensiie paccrosaue mexay CBII m moBepXHOCTBIO, TeM
Gounbmre geiicTBrue BO3AyIIHON moaymku. C yBeTHYCHNEM BBICOTHI, pacTET
yTeuka BO3AYLIHBIX MacC, CJIEA0BATENBHO, JUIS MOJUIEPKAHUS TOAYLIKH B
TAKOM COCTOSIHMH HY>KHO OOJIbIII€ MOIIHOCTH M CIIEL[HAJIbHBIE OTPaXKICHHS.
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CKET'OBBIE CBII umeroT xEcTKoe orpakaeHue, T0X0Kee Ha KO-
JIOKOJI, CTEHKH KOTOPOTO IOTpyXaroTcs moj Boxy. OmHako AaHHAs KOH-
CTPYKIHUS TepseT cKopocTHhle mpemmymiectBa. C ycranoBkoit CKET'OB
pacxo] BO3QyXa yMEHbBIIAETCA, HO MPHU 3TOM CYAHO TEPSAET BO3MOXKHOCTb
BBIXOJIUTH HA CYIIIY.

Puc.3. TpancokeaHnckoe CynaHO Ha
BO3IYIIHOHM MOIYIIKE CO CKEraMu {

Macca eyawa 000 T IPYIOROToeN- b4~ Adncinnut CBIL
HocTh 1800 T; ckopocTs 100 y310B.

AMOUBUMHBIE CBII umerotT ruékoe Orpa)kJIeHHEe, KOTOpPO€E HC-
MOJIB3YIOTCSl BCE Yalle B COBPEMEHHBIX CyAax. XOpoLo ceds Mokasaiu
AIIACTHYHBIE «IOOKM», KOHTPOJUPYIOIINE yTeUKy Bo3ayxa. OHH cBOOOIHO
MIPOITYCKAIOT MOPCKHE BOJIHBI WJIM HEPOBHOCTH MOYBHI, HE IIepeaBast yaa-
pol Ha kopmyc. Cyna Takoro Tuma crnocoOHBI MapuTh HaJ BOAOH, MOTYT
«BBINOJNI3aTh» Ha Oeper m Jaxe nepensurarbes no cyme.Ckerossie CBI,
maccoir 5000 TOHH yke BIIOJIHE KOHKYPEHTHOCIIOCOOHBI B CPaBHEHUH C
TPAHCIIOPTHBIMU CaMOJIETAMU M BOJAOU3MEIIAIONIMMH cymamu. AMpuOnii-
Hele CBII nomynsipHel Kak HEOONBIINE BE3IEXOMbI, MATPYIbHBIE U Cliaca-
TEJIbHBIE CPEJICTBA

Ilepcnexmuent u npooaembl pazeumus.

CrpeMieHue yBeaHuuTh pa3Mepsl coBpeMeHHbIX CBII Bcé Bpems
pacTér. Yke MMEIOTCsl 3CKU3bl BO3AYIIHBIX Mojayiiek maccoit ot 1000 go
5000 T, 1 mpoeKT cyaHa Ha BO3MYIIHOW moaymike maccoil 15 000 ToHH.
Henb cozpareneit mpoekra 15 000 TOHHOTO CyAHA HA BO3IAYIITHOW ITOMYIITKE
- MaciTabHbIe TPY30TIEPEBO3KH. DTO CYAHO MOTJIO OBl IIEPEBO3UTH IOPS JI-
ka 2000 1erxoBbIX MAaIIMH BMecTe C MHaccakupamu. KoHCTpyKIMOHHas
CKOPOCTh CyJHAa 10 MpoeKTy coctaBisuia 240 km/d. TlaccaKupCcKuX KaroT
HET, HO TacCa)kKHpbl MOTYT IPOBOJHUTH BPEMs B PECTOpaHAaX, KMHO3alIax
WJIN Ha 3aCTEKIEHHBIX Naly0ax. B kauecTBe OCHOBHOTO ABHTATEINIsI UCIIOJb-
3yeTcs aTOMHasi SHEPreTHUECKas yCTAHOBKH, TOJBKO OHA ITO3BOJIUT JO-
CTUT'HYTH TpeOyeMoii MoniHoctu, 550 MBT.
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o

Puc.5. CBII «Hasumman 500» Ca- - =
Moe 00JIbIIIOE B MUPE CY/IHO, CIIO- Puc.6. CBII 5K4. Ha CBII 5K4

coOHOE TIepeBO3UTh 45 aBTOMOOU- OBLIO YBEIMYCHO KOIMIECTBO IMac-
neit u 400 maccaxupos. CakupoB 710 416 MecT.

IIpyn nanpHENIIEM YBEIMYEHUU Pa3MEpPOB CYNOB Ha BO3AYLIHOMN
MOJYIIKE BO3HUKAET MOTPEOHOCTh M300PETEHUs] HOBBIX MCTOYHHKOB IIEp-
BUYHOM DHEPTUU U MEPEXOE K HOBBIM THIIaM JABHUTaTEIIEH.

—— e m————

Puc.8. Ilnatpopma Ha BO3AyIIHON

Puc.7. Dcku3 nepcneKTUBHOTO N N
MOAYILIKE JUIsl pEHI0OBON pasrpy3KHu.

CyJlHa Ha BO3AYLIHOMN MOJYIIKE.
HenaBHo mosBUIOCH TPAaHCHOPTHOE CPEJACTBO Ha BO3AYIIHOW ITO-
IyIIKe, 9YeM-TO HalmoMHHamomee matgopmy. llpmuém sHepreTmueckas
YCTaHOBKA WCIOIB3YeTCS TOJBKO JUIS MOIJEPXKAHUS 3TOW IATPOPMBI Ha
IUTaBY, a MOCTYMATEIFHOE ABIIKCHIE OCYIIECTBISCTCS OYKCHPHBIX CY/IOB Ha
BOJIC U TPaKTOpPOB Ha cyrie. [TomydaeTcss cBOcOOpa3HbIi MPHIICH, TPHUTO -
HBIHA 17151 JII000H MOBEPXHOCTH. ITH MIaTHOPMBI OUYEHb YIO0OHO HCIIOJIB30-
BaTh JUIA Pa3TPy3Kd MOPCKHX CYAOB M TOCIEIYIOIIEH NOCTaBKU Ipy3a 10
JKelme3Ho# moporu. IS pemieHWs HECTaHOAPTHBIX TPAHCIOPTHBIX 3a/1ad
MOXXHO OKHIAaTh HM300peTeHus emé OompImmx IiaTGopM Ha BO3IYIIHBIX
nonayiikax. B CILA ceiiuac paboTarotr Haj npoekrom 6000 TOHHO# miaT-
(hopmbl, KoTOpasi OyleT NPUMEHSATh BO BpeMsl IPOKJIaJKH TPyOOTIpOBOJia B
Apkruke, TaM TpeOyeTcs IoCTaBKa rpy3a ¢ BOJIbI Ha MOJIOTHiA Oeper.
Jlumepamypa:
1. Dunukmonemus mas gerei. T. 14. Texumka. — M.: Asanrta, 2004,
2. XKennuna T. H. «K. D. luonkosckuit» - M., 1999; 3. Maknusu P. «Cyna Ha noa-

BOJIHBIX KPBUIbSIX U BO3AYIIHOM noaymke» - JI.: Cynocrpoenue, 1981; 4. BCO. — M.:
Coserckast sHIMKIonenus, 1969 — 1978.
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BJIUSHUE ®YHIAMEHTAJIbBHBIX
B3AMMOJIEMCTBUI HA YCJIOBUS
CYIHIECTBOBAHMSA BCEJEHHOM 1 )KU3HU
Hayuonanvnviti mexnuueckuti ynueepcumem « XI1H»
Cm. A. JTawm
Pyk. oou. B.A. Jlvikax

JJis BOSHUKHOBEHUSI JKU3HU HeoOXxomuma ocHoBa. Hama Bceenen-
Has CMHTE3UpPOBajia aTOMHBIE Apa HAa HAYAJIBHOM JTale CBOEH MCTOpHH.
Slnpa 3axBaTWiM 3JCKTPOHBI, YTOOBI chopMupoBaTh arombl. CKOIJICHUS
aTOMOB 00pa30Balil TAJTAKTUKH, 3BE3/Ibl M IIaHETH.. HakoHEN, y >KHUBBIX
CYIIECTB MOSBWIICA JOM. [IpHHHMaeTCS Kak JaHHOCTb, YTO 3aKOHBI (PH3UKH
JIOIYCKAIOT TOSIBICHUE TaKUX CTPYKTYp, HO 3[€Ch MBI paccMaTpUM, Kak
Hamra BeenenHas Moriia Obl BBITJISLIETH MPH IPYTUX YCIOBHUSX.

ACTpoH3HKH YK€ TaK JOJTO OOCYXKIAIOT KOHICHIIMIO TOHKOW
HacTpoiiku BceneHHOM, YTO MHOTHE CTalM BOCHPUHUMATh KakK JaHHOCTb,
yTO Hama BceneHHas HEOOBIYHBIM 00pa3oM IMOAXOIWT IUIS CIIOKHBIX
cTpykTyp. Ha mpoTsbkeHuMu mociaenHux AECATUIIETHM ydEeHbIE BENIU CIIOPbI
HACUYET TOTO, YTO €CIU OBl 3aKOHBI (PU3UKH OBLIM XOTh HEMHOTO JAPYTHUMH,
B KOCMOCE OTCYTCTBOBAJIM OBI CTOJIb CIIOKHBIC CTPYKTYpHI. [lapamiensHo ¢
STHM KOCMOJIOTH TMPHIIUIM K BBIBOJY, YTO Haria BcelieHHAass MOXET ObITh
JIUIIH 9acThi0o MyYJIBTHBCEIIGHHONH — OTPOMHOTO MHOKECTBA BCEJICHHBIX,
3aHUMAIOIIEr0 OOJBIIYIO YacTh MPOCTPAHCTBECHHO-BPEMEHHOTO KOHTHHYY-
Ma. CyllecTBOBAaHHE JIPYTUX BCEJIEHHBIX Q€T IMPUBJIEKATEIbHYIO BO3MOXK-
HOCTHb OOBSCHUTH OYCBUIHYIO TOYHOCTh 3aKOHOB (DM3HKH, BEIb 3aKOHEI
MEHSAIOTCS B 3aBUCUMOCTH OT BCEJICHHOH, a MBI )KUBEM B TOH, KOTOpast J0-
MyCKaeT HAJIM4Ke HaOJII0AaTe/IeH, MOCKOJIbKY MBI HE CMOTJIH OBbI XKHTh TIe-
TO elle.

Joxazatp uro Bcenennas Obuma Obl MpHUTOMHA UIS JKU3HH, NaXKe
ecn OBl CHIIBI DJICKTPOMArHeTH3Ma WM TPABUTALUU ObBUTH OOJBIINE WU
MEHbIIIE. 3alITpUXOBaHHasi 0071acTh Ha puC.l MOKa3bIBacT AMANa30H 3Ha-
YEHHH, IPU KOTOPBIX BO3MOYKHA KWU3Hb. 3BE37I0UYKa IMOKA3BIBACT PEaIbHBIC
3HAYEHUs 3TUX NapaMeTpoB B Halled BceneHHOM; Toukd Haudana oceil Ko-
OpAMHAT MPUBEICHBI B COOTBETCTBUE C 3TUMH 3HAUYECHUSMHU. YCIOBUS Ta-
KOBBI, 4TO 3BE3/bI IOJDKHBI OBITh CIIOCOOHBIMH OCYIICCTBIIATH SACPHBIN
CUHTE3, JOJDKHBI )KHUTh IOCTATOYHO JIOJITO, YTOOBI dKU3Hb MOTJIA 3BOFOIIH-
OHHMPOBATh, OBITh JOCTATOYHO TEILIBIMHU JUIs MOJACpKaHus Ouochep u He
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nepepacTaTb CBOM JJOMAITHHE TaTaKTHKH.

IlepBBIii BUA TOH-
KoW HacTpoiiku BceneHHoil
9TO TEPBUYHBIC CHIIBI TIPH- =
pOabl B NEHCTBYIOLIMX 3BE3-
nmax. Ecnmu Ob1 anexTpomar-
HUTHas cuiaa Oblna CIMII-
KOM BEJIMKa, TO JIEKTpHUE-
CKO€ OTTAJIKMBaHHE IIPOTO-
HOB TIpEKpaTwio Obl sep-
HBIIl CUHTE3 BHYTPH 3B€3]l, U : :
OHH OBl NEPECTANM CBETUTE. e L
Ecnu 651 OJIEKTPOMArHeTU3M Cuna aneKTpomarHeTusma
ObLI CHIMILIKOM CJIa0bIM, TO (nOFapHpMIRiEckaR 1ikaa)
SICPHbIE PEAKLUH BBILIIA OBl W3-TI0J] KOHTPOJIS, ¥ 3BE3/1bl CTaH OBl OYEHb
3¢ PEKTHO B3pHIBATHCA. A eciii Obl TpaBUTAIUS ObLIA CIIMIIKOM CHJIBHOM,
3BE3/bI CXKAINUCH ObI B YepHBIE ABIPHL. [IOMHMO 3THX MUHUMAJIBHBIX yCIIO-
BUI COCTOSIHME 3BE3[ TAKXKE JOJDKHO COOTBETCTBOBATH OIIPEACICHHOMY
YHCITy IPYTUX TOKa3aTenel, eme CHIIbHEEe COKPAINAIOUX YHCIO JOMyCTH-
MBIX 3HaYECHUH CHJI B3aMMOJEHCTBUS. 3BE3/bI JOJDKHBI OBITH T'OPSYMMHU.
TeMneparypa UX MOBEPXHOCTEH J0JKHA OBITH IOCTATOYHO BBICOKA, YTOOBI
MPUBECTH K OCYIIECTBJICHUIO XUMHUYECKUX peakuuii, HEOOXOJUMBIX IS
pa3BUTHs KU3HU Ha IlaHeTe. B Hamell BeeneHHONM MpocTpaHCTBA BOKPYT
OOJBIIMHCTBA 3BE3]l JOCTATOYHO BENMKH, IIOATOMY CYIIECTBYIOT 00JIacTH,
T7ie TeMIIepaTypa MOBEPXHOCTH TUIAHET IePXKUTCS y oT™MeTKH B 27,85 °C/

VYuuThIBas, 4TO Hallla BCEJEHHAas, KaXeTcs, He OCOOCHHO TOYHO
HACTPOEHHOM, MOKEM JIM MBI CKa3aTh, YTO Hallla BCEJICHHAs — JydIas s
pa3BuTHs xn3HA? Haie HeIHEIIHee TOHMMaHUE TOBOPUT, YTO HET. MOXHO
JIETKO TIPEICTaBUTh OoJiee OPYXKETO0HYI0 BCEIIEHHYIO 1, BOZMOXKHO, OoJee
JOTHYHY0. BeeneHHast ¢ n3HavanbHBIMM KOJIEOaHUSAMHU OOJIBIIEH MIIOTHO-
CTH co3ziana Obl OoJiee IUIOTHBIE T'aJJaKTUKH, KOTOPbIE MOTJIH OBl HOJIEp-
JKMBaTh Oojice oOMTaeMble IJIaHETHI, yeM Hamia. Bo BceleHHOH co cTa-
OMIIBHBIM OEpHITEM MOTJIH CYyIIECTBOBATh NMPsMblE KaHAIIbI IPOM3BO ICTBA
yriaeposa, ¥ TaM He TpeboBanack Obl CIOXKHAs TPOWHAs renueBas peakius.
XOTs 3TH BOIPOCHI BCE CIIE M3YUYarOTCsI, MBI XK€ TIOHUMAEM, YTO y BCEIICH-
HBIX €CTh MHOTO ITyT€H pa3BUTHUS CIOXXHBIX CTPYKTYp U OMOJIOTHH, U HEKO-
TOpBIE MOTYT OBITH 0OJIEe PACIIONI0XKEHBI K )KU3HH, YEM Hallla.

Cuwna rpasuraymm
(norapudmuueckan wkana
2
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MUPAXKHU
HauyuoHanbHbIl mexHudeckul yHusepcumem « X[ »
Cm.: E.1O. [lyoHukoea, B.B. [JyxHo
Pyk.. cm.np. C.C. KpueoHoc, douy. T.U. Xpamoea

Koma MBI TOBOPHUM O YEM-TO HCYJIOBUMOM, HEPCAJIbHOM, ITPUTPEC-
3MBIIEMCSI, MBI UCIIOJIB3YEM CIIOBO «MHpax». MHUpaku OUeHb pa3HOOOpas-
Hbl. OHM TO3BOJIIOT BUAETH pa3iNyYHbIC NMPEIMETHI, TOAPOOHOCTH Tel3a-
Ka, JaXKe ropoia, KOTOPBIE Ha CaMOM Jieie HaxoasTcs Jaleko oT Habmoaa-
TeJNsl, CKPBITHI OT HETO 3a TOPU30HTOM. DTH BUJCHHUS MOSIBIAIOTCS BIPYT Y
JIMHUM TOPU30HTa WJIM MOBHMCAIOT HAJ Hell B Boszayxe. MHorma onu mpen-
CTalOT Iepes HaOMoaaTeNeM B IEPEBEPHYTOM BHJIE, HHOTA OKa3bIBAIOTCS
CABOCHHBIMU: NIEPEBEPHYTOE N300paKEHNE BO3HUKAET BMECTE C MPSMBIM.

B ontnyeckn HEOTHOPOAHON Cpesie CBETOBOH JIyd M3rHOaeTCs Tax,
YTO €ro TPaeKTOpHUsl BCErla OKa3bIBacTCs OOpAIleHHOH BBITYKIOCTBIO B
CTOPOHY YMEHBILIEHH T0Ka3aTels IPEIOMIICHUS CPEbL.

Ecnu Bo3myx y caMoil OBEPXHOCTHU 3€MJIA CUIIBHO HAarpeT H, clie-
JIOBATENBHO, €0 IUIOTHOCTh OTHOCUTEIBHO Mala, TO TMOKAa3aTeNb IPEIoM-
JICHUS Y TIOBEPXHOCTH OyleT MEHbIIe, YeM B 0ojee BBICOKHX BO3IYIIHBIX
ciosix. CBETOBOM JIyd OT HEKOTOPOTO ydacTKa Troyiyboro Heba momajer B
rj1a3 HaONrofarTells, UCIBITAB yKAa3aHHOE HCKPHUBJIEHHE. A 3TO O3HAyaer,
4T0 HaONIOAATeNh YBUAUT COOTBETCTBYIOIIMH y4acTOK HeOOCBOJa He Haj
JIMHUEN TOPU30HTA, a HUXKE €e.

Ecnn Bo3ayx y camoii HOBEpXHOCTH 3€MJIM WIIM BOJBI HE HACPET, a,
HalpoTHB, 3aMETHO OXJIAXJICH 110 CPAaBHEHHUIO C 00Jiee BRICOKUMH BO3YIII-
HBIMH ciosiMH. CBETOBBIE Jydd B paccMaTpHBacMOM Cllyd4ae M3rHOaroTcs
TaK, 4YTO UX TpaeKTopHs oOpalleHa BBITYKIOCTbIO BBepX. [loaToMy Temepb
HaOJI0aTeNlb MOXKET BUJIETh OOBEKTHI, CKPHIThIE OT HEro 3a FOPH30HTOM,
Ipu4eM OH OyZeT BUAETh UX BBEPXY.

JIBOMHOI MHpaX MOXKET BOZHUKHYTh TAKXKE B CiIydae, KOorja y ca-
MO OBEPXHOCTU BO3JyX CHJIBHO HArpeT, BBILIE OXJIAXKJCH, a €I€ BBIIIE
cHoBa HarperT. Iloka3aTens npenoMiIeHus BO3yXa ¢ BBICOTON CHauasla BO3-
pacTtaeTt, a 3aTeM HayMHaeT yMeHblIaTbes. 1lon BIMsSHUEM BeTpa U BEpTH-
KaJbHBIX BO3IYIIHBIX IIOTOKOB CIJIOMl XOJIOZHOTO BO3JyXa MOXET HCKa-
JKaTbCsA, M3MEHATH TOJIMIMHY, IepeMelarscss mo BeicoTe. IlosTomy kak
BEpXHEe, TaK M HIDKHEE M300pakeHHs OyIyT M3MEHSTHCS CO BPEMEHEM,
co37aBas KapTUHY, CMEHSIOMINX JPYT Apyra BUACHUI.
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T'AJIbBAHUYECKHWM SJIEMEHT BOJIbTA

HauyuoHanbHbIl mexHudeckul yHusepcumem « X[ »

Cm.: B.O. BeseHko, O.M. Koeanb, O.FO. CasuuybKkul
Pyk. dou. T.H. lLlenecm

Bce 3HaroT, uTOo ecim JBa 3NEKTpOJa M3 Pa3sHBIX METaJlIOB,
HarpuMep, Me/lb U [HMHK U MOTPY3UTh B OOBIYHYIO NMHUTHEBYIO BOIY M 3a-
MKHYTb II€llb, TO TOJYYHM caMmylo mpoctyro Oartapeiiky. Emie B 1800 roxy
UTAIBIHCKUHN y4IE€HBIN Aseccannpo Bonbra omycTin B 6aHKY ¢ KHCIOTOH
JIB€ IJIACTHMHKU — LIMHKOBYIO M MEJHYIO — M COCIMHWII UX IPOBOJIOKOM.
ITocne 3TOrO NMHKOBAS IUIACTHHA Hadaja pacTBOPATHCS, a HA MEJHOH CcTa-
TV BBLAGNATHCS Iy3BIPHKH T'a3a. BoibTa MPeamonokmit u 10Ka3all, 9To o
IIPOBOJIOKE MPOTEKAET DICKTPUYECKUH TOK. Tak ObLI M300pETEH «3IeMEHT
Bonpray — mepBriii ranpBaHndecknii sneMeHT. s ymobctBa Bonbra mpu-
nman emy (opMy BEepTHKaJIbHOTO IUIMHApA (CTOJ0a), COCTOSIIEro M3 Co-
€IMHEHHBIX MEXIY OO0 KOJIel] IMHKA, MEIU M CyKHA, IPOTIIUTAaHHBIX KHC-
noToi. BonbToB €TOO BBHICOTOIO B MOJMETpa CO3/aBajl HANPsDKEHUE, 1yB-
CTBHUTENILHOE JUIS YEIIOBEKa.

MHOTOYNCIICHHBIE 3KCHEPUMEHTHl yOoenunu Bosmbra B TOM, 4TO
MIPOCTOTO KOHTAaKTa METAIJIOB HEIOCTaTOYHO JUIS MOJYYEHUS CKOJBKO-
HUOY/Ib 3aMETHOTO TOKa; BBIICHHUIIOCH, YTO HENPEPBIBHBIN 3JIEKTPUIECKUH
TOK MOXET BO3HUKHYTH JIMIIb B 3aMKHYTOH LI€NH, COCTaBJICHHOH M3 pas-
JIMYHBIX TPOBOJHUKOB: METAJUIOB (KOTOpbIE OH Ha3bIBaj IPOBOIHUKAMH
MEPBOTO KJIacca) M KHUIAKOCTEH (Ha3BaHHBIX MM IIPOBOJHHKAMH BTOPOTO
kiacca). CTporo roBops, 3apsa MeTajla, MOTPYKEHHOTO B PaCTBOP JIEK-
TPOJINTA, HE CBSI3aH OJJHO3HAYHO CO CBOMCTBaMM MeTa/ula U pacTBopa. Pa-
00Ta raJpbBaHUYECKOTO JIEMEHTA OCHOBaHA Ha Pa3sHOCTH XUMHUYECKUX IO-
TEHIIMAJIOB, KOTOPBIE, B CBOIO OYEpE/ib, HEIIOCPEICTBEHHO OIPEEISIOTCS
3Ha4YeHUsIMU dHeprur depMu Ui METaJIOB Karo/a U aHoJa U TeMIlepary-
poii. IIpu KOHTaKTe IBYX METAJIIOB AJIEKTPOHBI EPEMEINAIOTCSA U3 METallla
¢ 6ospmmM ypoBHeM Pepmu B MeTaiul ¢ MeHbIIMM ypoBHeM Depmu. IIpo-
1ecc MpoTeKaeT JO TeX Iop, Ioka ypoBHH (Depmu, a, Ciep0BaTENLHO, H
XUMHYECKUE TOTEHIUAIBI METAIJIOB HE YCTAHOBSATCS. HA HEKOTOPOM HOBOM
OJIMHAKOBOM 3HA4YCHUH. MeTayuibl MPHOOPETA0T paBHBIA M HPOTHUBOIIO-
JIOXKHBIA MO 3HAKy 3apsij, ¥ Ha 9TOM pesakcanus 3asepuiaercs. HerpynHo
BUAETHh, YTO €CIIM J[Ba INPOBOJHHWKA M3 Pa3sHbIX METAUIOB COCAWHHUTH B
KoJbIo, To paBHOBecHast D/IC B menn Oyner paBHa Hymr0. OIHAKO B Tallb-
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BaHMYECKOM DJIEMEHTE IEMb 3aMBIKAETCS Yepe3 pacTBOp dnekTposnnTa. Ha
TpaHUIE METALI-PACTBOP IPOMCXOJUT OOMEH MOHOB MEXIy PacCTBOPOM U
MOBEPXHOCThIO MeTaiwia. CKOpPOCTH TpsSMOTO W 00paTHOTO Tpoliecca
(Ha3pIBaeMbIe TOKAMH OOMCHA) 3aBHCSAT OT BEJIIMYHHBI XHMHUYECKOTO ITO-
TeHIIMaja, KaKk MeTajia, Tak U pacTBOpa. B HEKOTOPBIX cioydasx MpsiMOU U
00paTHBII MPOIECCHl MOTYT NMPOTEKATh JaKe C YIaCTHEM Pa3HbBIX BEIIECTB.
B cooTBeTcTBHM C M3MEHEHHEM XHMHYECKOTO MOTEHIIHANA IBYX METAJLIOB
P MX KOHTaKTe (TO €CTh IPH 3aMBIKAHWH LIETH) U3MEHSIIOTCS M TOKH 00-
MEHa: MMagaeT CKOPOCTb OJHOTO M PacTeT CKOPOCTh npyroro. (OTMmernwm,
YTO 3aBUCUMOCTh CKOPOCTH OOMEHA OT BEIUYMHBI MMOTCHIIMATA YKCIIOHCH-
nuanpHas.) TakuM 00pa3oM, Ha OTHOM 3JIEKTPOJC OOJbINas YacTh HOHOB
MEePEXOUT C TIOBEPXHOCTH B PAcTBOp, Ha JPYrOM - M3 pacTBOpa Ha TO-
BepxHOCTh. OIHOBPEMEHHO MPOUCXOAUT TEpPETeKaHUE DJIEKTPOHOB yepes
KOHTAKT MEXIy METaJUTaM{ B HAaNPaBJICHUN ypaBHUBAaHUs ypoBHEH Depmu.
[Ipouecc npoaomkaercs A0 TeX MOP, MOKa XUMUYECKUE MOTEHIMAIIBI B CU-
cTeMe He YpaBHSIOTCSL.

IIpennaraem mnponenarb HECKOJIbKO SKCIEPUMEHTOB. Jljig 3TOrO
MTOHAA00STCS MEAHBIA AIIEKTPOA M IMHKOBEIN AIeKTpo U BomsTMeTp. [lo-
MECTHM JiBa 3JeKTpoja B Boxy. BompTmerp mokaxker 0,89 B (0,18 MA).
[IpuueM HampsbkeHUE TakoW Mapbl HE 3aBUCUT OT Pa3MEpPOB 3JIEKTPOJIOB.
OT miomaau 3JeKTPOJOB OyIeT 3aBHCETh TOJILKO Criia Toka.Eciam 3ame-
HUTb MEIHBII AJIEKTPO] rpadUTOBBIM BOJIbTMETp mokaxeT 1,13 B (1 MA).
Ecnu nmoMecTuTh IMHKOBBIA U MEIHBIN 3JIEKTPOJBI B COJIEBOM pacTBOP, TO
Mo>xHO ToryuuTh 0,77 B 1 oxomo 2 MA. Ecnu 3aMeHUTh METHBIH 3JEKTPOT
rpaduToBBIM, TO MOXHO moxydnth 1,27 B m okono 30 mA. Kpome toro
MOXHO MPOCTO B3SITh B JaJIOHU MEIHBIA U OLMHKOBAHHBIN MPOBOJIA U MO~
COEIMHUTH UX K BBIBOJAM BoJbTMeTpa. BompTmerp mokaxer 0,74 B. s
nonyqum[ HeO6XO}:[I/IMOFO HaHpSDKCHI/IS[ JJIs HOTpe6I/ITCH$I HeO6XOI[I/IMO
B35Th HECKOJIBKO TIap TaKWX 3JIEKTPOJOB M COSAMHHUTH WX IOCIIEI0BATENb-
HO. B maHHOM ciydae 3/eKTpUYeCKUi TOK BO3HUKAET HE B KUBBIX KIIETKAX,
a B MeCTe€ KOHTaKTa Pa3HOPOJIHBIX METAJUIOB C 3JIEKTPOJIUTOM, MOCKOJIBKY
TKAaHEBBIC KHUJIKOCTH MPEJCTABISIOT cO00 pacTBop cosieit. [Ipu 3Tom mot
Ha pyKax BCTYIUT BO B3aUMOJIEHCTBUE C METAITUIECKOI TTOBEPXHOCTHIO, U
BOJIBTMETP MOKAKET HEKOTOpOe HampspDkeHue. HecMoTpst Ha To, YTO rajib-
BaHWYECKHE AIIEMEHTHI U3BECTHBI YK€ TaBHO, OHH IO-TIPEKHEMY MPEICTaB-
JSIOT WHTEpEC O0COOSHHO C TOSBJICHHWEM BeCbMa 3KOHOMHYHBIX M HU3KO-
BOJIBTHBIX JIEKTPOHHBIX MPHOOPOB MAaCCOBOTO MOJTb30BAHUS.
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YEJOBEYECKOE TEJIO KAK HCTOYHHUK

SHEPTUMA
HauuoHanbHbIl mexHuveckul yHusepcumem « X1 »
Cm. E.A. KonecHu4yeHKo
Pyk. doy. FO.B. MeHbwos

IIpoGiiema pa3syMHOTO HCIOJIB30BAHUS DHEPTUU SBJSICTCSA OJHOM
13 Hauboliee OCTpBIX MpoOieM dYenoBedecTBa. BO-NEpBBIX, HCTOIIAOTCS
MIPOU3BOSIINE NIEKTPUUECTBO PECYpPChl. BO-BTOPBIX, MBI HE MOXEM B TEX
K€ TeMIax ero MpOU3BOJUTH Jaibllle, MHAYE HACTAHET TEIJIOBas Karact-
poda maanerapHoro macmraba. UemoBedeCTBY CTOUT 3apaHee TOTOBUTHCS
K OyaylieMy SHEpPreTHYECKOMY Toyiofy. O(PQGEKTHBHOE HCIIOIb30BAHHE
SHEPTUU MOTPEOUTENIEM - KIIOY K YCICITHOMY PCUICHHIO KOJIOTHYCCKON
npobiemsbl! YenoBedeckoe Teno - reHeparop aekTpudectBa. Ha oborpes
HETIOCPEICTBEHHO TEla W €ro OpraHOB HAET JOCTAaTOYHO OOJbIIas 4acTh
sToro Temna - g0 50%. OcranpHOE MPOCTO paccemBaeTcs B aTMocdepe,
HE3aBUCHMO OT HaIIEro elaHus. Bo3aMokHbIE TyTH UCIIOJIb30BAHUS SHEP-
MM YeJIOBEYECKOTO Teya: 1) B HacTosiiee BpeMs IEHTPAIBLHOE 3JaHHE
CTOKroJIbMCKOTO JKEJI€3HOIOPOKHOTO BOK3aa MPEBpaIieHo B cBoeoOpas-
HBII 3KCIIEPUMEHTAIBHBIN MOIUroH. Temio BBIABIXaEMOrO JIIOJbMU yrie-
KHCJIOTO Ta3a HCIIOJIB3YETCS B CIICIUANBHBIX TEINIOOOMEHHUKAX; 2) IIHPO-
KO HCIOJB3YETCs JBE OCHOBHBIX TI'PYIIbBI TEPMOIIEKTPUUECKUX TE€HEPaTo-
POB: OpPraHUYeCKHe W Heopranudeckue; 3) (GPUTHEC-YaChl, KOTOPBIE UCIIOJb-
3YIOT JJIS1 3apsJIKA TETUIO TeJla YesloBeKa M Mepernaj] TEMIIEpaTyp ¢ OKpyxKa-
fomei cpenoit; 4) sHeprus kpossiHoro AasieHus. B IlIeeiinapun B 2011
TOJly WCCIIEZIOBATENN U3 YHUBepcuTeTa bepHa pa3zpadoTanmn MUKpOTypOUHY,
KOTOpasi MOXeT OBITh UMILUIAHTHPOBAHA B apTEPHUH LIS TeHEePAluy SHEPTUU
U3 KpoBOTOKa; 5) Pavegen — sHeprus maroB. DTO CIOXHas WHXXCHEPHAS
CHUCTEMa HAIOJILHOTO MOKphITHs. Korna 1o HacTynalT Ha ClieluaibHbIe
IJIUTKH, UX BEC 3aCTaBISIET JEKTPOMArHUTHBIE WHIYKIIMOHHBIE T€HEpaTo-
PBI BEIpabaTHIBATh AEKTPUUECTBO. Pecypchl Ha mmaHeTe 3emirsi orpaHude-
HBl ¥ HAM HY)XHO Bce 0OJbIIe U OONBIIC TPUMEHSITE 3eICHOW SHEPTHH B
[MOBCEAHEBHOM >KU3HU!

1. http://elektrovesti.net/58121_7-proektov-kotorye-ispolzuyut-chelovecheskoe-telo-
kak-istochnik-energii; 2. https://www.popmech.ru/technologies/15817-teplo-chelovecheskogo-

tela-stanet-istochnikom-elektroenergii/; 3. http://zaryad.com/2011/09/08/teplo-chelovecheskogo-
tela-istochnik-besplatnoy-energii/.
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®U3UKA B CIIOPTE
HauyuoHanbHbIl mexHudeckul yHusepcumem « X[ »
Cm. KO.B. JlykbsiHeHKO
Pyk.: douy.T.N. Xpamoea, cm.np. C.C. KpueoHoc

®du3KKa JILDKHOTO CIIOPTa OTHOCHUTCS K aHAIW3y CHUII, JIEHCTBYIO-
KX Ha 4YeJoBeka. /IBIKeHNE JBDKHUKA OMPENENCHO (PU3NIECKIMHU TIPHH-
LUIaMH COXPAHEHUs SHEPTUHM U (PPUKIUOHHBIX CHII, IEHCTBYIOIINX HA Te-
JI0.

Jnst Toro, 4roObl 10OMBATHCS JIYYIIMX PE3YJIBTATOB B JIBDKHBIX
BUIax cCropTta HeO6XOI[I/IMO Y4YUTBIBATH COIIPOTUBJICHUE BO3AyXa U CHUJIbL
TpeHust. MIcTOUHMKOM JBYMIKCHUS JIBIKHMKA SIBIISIETCS] CHJIA BECA JIBDKHHKA,
a ToYHee e€ COCTaBIIONIAsl, HANpaBICHHAs MapauleNibHO CKIoHY. [Ipnio-
JKeHa 3Ta CHJIa K IIEHTPY TSDKECTH JIbDKHUKA. Benmmumna e€ tem Oosblie,
4eM Kpyde CKJIOH, [0 KOTOPOMY JIBMKETCS JIbDKHUK. [10CTOSIHHO NeHcTBYs
Ha JIbDKHUKA, OHA YBJIEKAeT ero 1o CKIOHY. JIBDKHUKY Ha Tpacce HepBbIM
JICIIOM TIPUACTCSI BCTPETUTH C HEHTPOOEKHON CHIION mpu moBopoTe. YToo
IIPeooJIeTh €€ AEHCTBHME M HE MOTEPATh BPEMS H3-3a 3aHOCOB, JBDKHHUK
JIOJDKEH TIOCTAaBUTh JIBDKH KaK MOXHO Kpyde K CKJIOHY, Bpe3aThCs KaHTaMHU
B CHET.

TopMo3sT ABMKEHUE JIBDKHHUKA 10 CKJIOHY CHJIBI TPEHHS, BO3HU-
Karomue 1mpu ABUKCHUU JIbDXK MO CHETY, U CHUJIa COITPOTUBJICHUSA BCTPCUHO-
ro MOTOKa BO3ayXa, MPUJIOKCHHAA B IICHTPE COIMPOTUBJICHUA TEJIA JIBIKHU-
Ka BO3IyIIHOMY NOTOKY. CHila CONPOTHBICHMS BCTPEYHOTO ITOTOKA BO3Y-
Xa TeJy JIbDKHHUKA IPOTIOPIHOHAIbHA KBaIPATy CKOPOCTH JIBMKEHHS JIBIXK-
HUKa, IUTOINAAN POEKIMH Tejla Ha INIOCKOCTh, IEPIEeHANKYIISIPHYIO Hallpa-
BJICHUIO CKOPOCTH M a’pOJUHaMHUYECKOMy Kod(dUIHMEHTY <«1000BOTO»
cornpoTuBieHus. JloOMBasch Ha CKOPOCTHBIX CITyCKax 00Jiee BBICOKHUX CKO-
pOCTEH, COPTCMEHBI CTPEMATCSI YyMEHBIUIUTh CHIIBI, TOPMO3SIINE IBHXKE-
Hue. s sToro npuberarT K HU3KUM CTOMKaM WIH K CTOMKaM ¢ OOJBIIH-
MU HakJIOHaMH TyjaoBuia. IIpu qocTaroyHo OOJBIINX HAKIOHAX TYJIOBHIA
BO3HHKAET MOABEMHAs CHIla TeM OoJIbIast, 4eM OOJIbIle yroyl HaKJIoHa. JTO
MMOMOraeT CriopTcCMEeHaM AOIOJHUTCIBHO MOBLIIIATh CKOPOCTH, YMCHbIIAA
JIABJICHUE HA JIBDKU U TEM CaMbIM o0ierdasi CKojbkeHue. IIpbIryHoB 3Ta
CHJIa MTOJIICPKHUBACT B BO3AYXE BO BPEMS ITOJIETA, /IENIasi €T0 INIaBHBIM.

3HaHME 3aKOHOB (PM3MKH ITOMOTACT CHOPTCMEHAM-JIBDKHUKAM CO-
BEpPLIEHCTBOBATh TEXHUKY U MOBBIIIATH CBOE MacTepPCTBO.
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KATYHKA TECJIA HA OJHOMY TPAH3UCTOPI

ABO KAYEP BPOBIHA
HauioHanbHut mexHidHul yHisepcumem «X[1l»
Cm. O. Nop6eHko
Kep. dou. C.4. Mano4yeHko

Kauep BpoBina — 1ie opuriHaJIbHUH BapiaHT reHepaTopa BHCO-
KOYaCTOTHUX EJIEKTPOMATrHITHUX KOJNWBaHb, AKUH Moke OyTu 3i0paHuit
Ha pI3HUX aKTUBHHUX EJEMEHTAaX, 30KpeMa OIMOJSIpHUX YU MOJbOBUX
TPaH3UCTOpax, ad0 eNIEKTPOHHUX Jammax (TpioJax, MeHToaax). 3BOpOT-
Hifl 3B’5130K Y HbMY 3IHCHIOETHCS BKIIOUCHHSM MEPEX0y eMiTTep-0a3a
(IpM BUKOPHCTaHHI TPaH3UCTOPA) MOCTIJOBHO Y KOJHUBAIbHUM KOHTYP.

A Puc.1 U';I/IM KOHTYPOM € KOTYIIKa i.HZLYKTI/IBHOC-
Ti. BoHa pe3oHye Ha 4acTOTi, fKa BU3HA-
o 22¢ v JAETBCA KIIBKICTIO BUTKIB 1 MDKBUTKOBH-

f MM EMHOCTSIMH. Jiama3on yactoT reHe-
k7805 —?17’1 parii Big 3 g0 100 Mri.

Kauep O0yB po3polOneHuii pansH-
cbkuM imkeHepoMm B.I. Bposinum B 1987
p. K YacTHHA EJIEKTPOMArHITHOI'O KOM-
naca. [IpuHOMNOBa cxeMa MPUCTPOIO HaBeldeHa Ha puc. 1. 3oBHIMHIN
BUIJISIT Kauepa HaBeleHo Ha puc. 2. Cam bpoBiH Tak onucyBaB cBiil Bu-
Haxig: «Y 1987 p. s BUpIIUB pO3poOUTH KOMIIAC, SIKUI J103BOJISB OU
BHM3HAYaTH CTOPOHU CBiTy, BUKOPHCTOBYIOUM HE 3ip, a ciyX. S yaBisiB
c00i, mo e MoBWHEH OYTH T'eHepaTop 3BYKOBOI YAaCTOTH, SKHH 3MIiHIOE
TOH Y BiIIOBITHOCTI 3 HOTO pO3TAIlyBaHHSM BITHOCHO MarHIiTHOTO I OJIS
3emuti. B sikocTi reHepaTopa 3ByKOBOT YaCTOTH BUKOPHCTOBYBaBCs Oio-
KIHT TeHepaTop, SKUil Oyio 3i0paHo 3a KJIaCHYHOIO CXEMOIo, ajie 3 KO-
JIOM 3BOPOTHOTO 3B’SI3KY, € B SKOCTI CepICUHH-
Ka IHAYKTUBHOCTI BUKOPHUCTAHO aMOpdHE 3ali30,
sIKe 3MIHIOE MarHITHY TPOHUKHICTh TPH BEITHUIU-
HaxX HaIpY)XEHOCTI MarHiTHOT'O IOJs, IO CIIiB-
BUMIPHI 3 HaNpYyXCHHICTIO MAarHiTHOTO IOJI
3emii.

3BYKOBHI KOMITaC MpaIfoBaB MNpU 3MiHi
opieHTanii, sk i Oyno 3amymaHo... AHami3 BIacTH-
BOCTEIl OTPHMaHOi CXeMH BHSABHB Oarato HeBimoBimHOCTeH y ii poOoTi

1L
L1}
0ovXL'o
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3arajJbHOTIPUHHATAM TMOHATTAM. 3’SICyBaJIOCs, IO CUTHAINA Ha €JIEKTPOaax
TPaH3HUCTOPA, SKi BUMIpSAHI Ha ocumyorpadi BiTHOCHO SIK MO3UTUBHOTO, TaK
1 HETATHBHOTO TOJIOCIB JKeperna KUBJICHHS, Mall OJHAKOBY ITOJIIPHICTh
(TpaH3ucTOpH NPN Majy MO3WTHUBHY MOJIIPHICTH CUTHAIY Ha KOJIEKTOPI,
TPaH3UCTOPHU PNP — HEraTUBHY). [HAYKTUBHICTB, sIKa 3HAXOIUIIACH Y KOJI
KOJIEKTOpa Mana omip, Onu3bKkuil n0 Hyms. ['eHeparop NpoaOBIKYBaB
MPAIIOBATH MPU HAOIMIKEHHI 0 CepIeYHUKA CHIBHOTO MOCTIHHOTO Ma-
THIiTa, SKWH HaCHUYy€e CEpIEYHUK, i OJOKIHT mpoliec MOBHHEH OyB 3aBep-
IIUTUCS 32 IPUYAHH BIACYTHOCTI TpaHchopMarmii y KoJi 3BOPOTHOTO
3B’s13Ky. Y CEpACYHHMKY HE BUSBIISIBCS ricTepesic, MeHi He BJAajocs BU-
aBUTH #oro 3a ¢irypamu Jliccaxy. AMILTITYAa CUTHANy Ha KOJIEKTOPI
MepeBuIyBaia B 11’ ATh 1 OUIbIIe pa3iB HANIPYTY JKEpesa KUBISHHI.

ITo cyri kauep BpoBiHa € HAMIBIPOBITHMKOBUM PO3PSJHUKOM, PO-
3psiA B SKOMY HPOXOJHTH 4epe3 KPHCTAJIIYHy OCHOBY TpaHc(opmaropa,
MPOITYCKAIOUM CTaJil0 MOSIBH €JIEKTPUUHOI nyru. HaiiOinpln mikaBum € Te,
IO MiCIs MPOOOI0 KPUCTAJ MIOBEPTAETHCS B BUXIIHUMN CTaH.

Cam BpoBiH Hajae Take MOSICHEHHS NPOILECIB, SKi MPOTIKAIOTH Y
TPAH3UCTOPI: Y Kadepi TPaH3UCTOP HEOUEBUIHUM CIIOCOOOM (TaK SIK BUHH-
kHenHss EPC y npuennanii 1o 6a3u TpaH3ucTOpa KOTYIILI 3BOPOTHOTO
3B’SI3Ky TEOPETHYHO BCE-TAKU 37aTHE BUIYMHHUTU HOTO) MOBHHEH OyTH T1O-
CTIHHO 3aKpPUTHM, & CTPYM CTBOPIOETHCS HAKOMHUYCHHSIM EJIEKTPUYHUX 3a-
psmiB B 00’€eMHOMY IIPOCTOPi 0a3u TPaH3UCTOPA IS TOJAIBIIONO PO3PSIY
NIPU TIEPEBHUIIICHHI TIEBHOT MOPOrOBOT HANPYTH — TOOTO Yy TpaH3UCTOpI Mae
Miclie JaBUHHHN po0iit. OHaK 3BUYaiiHI TPAH3UCTOPH, SIKI BAKOPUCTOBY-
BaB BpoOBiH, HE MalOTh PEKUMY «IABHHHHUI NpoOiit». Y TakoMmy pexuMi
BHKOPHCTOBYIOTBCS CIICLialIbHI JIAaBUHHI TpaH3UCTOpU. Tak K I Kauepa
MO>KHa BUKOPHUCTOBYBATH HE TUIBKHU OIMOJISPHI, ae ¥ MOJIIpHI TPaH3UCTO-
pH, a TaKOX HaBITh EIEKTPOHHI JIAMITH, TO BIpOTiTHO, 11O CIIpaBa HE B Tpa-
H3WCTOPI, a B B CIEU(IYHO IMITYJIECHOMY PEXUMi pOOOTH CXEMH.

Puc.3 Takum ywHOM, bpoBiH BH-
HaIIoOB HOBHII cmocid KepyBaHHSA PoO-
00TOIO TPAH3UCTOPY.

BropuuHas

SercTia Tak sk Kauep € BUCOKOYACTOT-

PaspaaHMK HUM T€HEpPaTOPOM BHUCOKOI HANPYTH, TO
Ha HOTO TepMiHalli MOKHA MOOAYNTH

== KOpOHHMM po3psan. Takoxk HaBKpyru
HBOTO BHUHHKAE JIOCHUTH CHIIBHE ENICKT-

POMarHiTHE 1oJie, Ke BUKJIMKAE 3arOPsSHHS PI3HUX Ia30HAIIOBHEHUX JIAMIT

Ta BIUIMBAE Ha POOOTY Pi3HOMAHITHIX CEHCOPHIX IIPUCTPOIB.

KoHaeHcaTop

WcTounnk
nuTaHnsa
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HEMHOI'O O TAPMOHMUMU IIBETA
HauyuoHanbHbIl mexHuyeckuli yHugepcumem
«XapbKo8CKUU NonumexHuU4ecKul UHCmumyms
Cm.: B. baeea, B. Cmapody6oe
Pyk.: cm. np. K.A. MuHakoea, douy. P.B. 3aliyee

«Bcé xusoe cmpemumcs k usemy».
n.B l'eme

Ywunbsam Paneil, n3BeCTHBIN CBOMMHU HCCIEOBAHUSAME MO (PHU3HKE,
YTBEpXKJal, YTO KPACHBIA I[BET KPOBU M 3€JCHBIH — TPaBbl COCTABJISIIOT
TalHbI, «B KOTOPbIE HUKTO HE MOXKET MPOHUKHYTh. Ho mpomio okoso cra
JIET, ¥ MBI MOXEM CKa3aTh, YTO ITHX TaifH OOJIbIIIE HE CymIecTBYeT. B cBoei
paboTe MBI TIOTBITaeMCSl OTBETUTHh Ha BOIMPOCH], KaK M MOYEMY BO3HHUKACT
LBET, KaK C 3TUM CBsI3aHA BHYTPEHHSISI CTPYKTYpa MOJIEKYJ pa3JInYHbIX Be-
miectB. L[BeT, Kak MPakTHUECKU Kaxa0€ CI0KHOE SIBJICHHE MPUPOIbI, UMe-
€T 0COOCHHOCTH, OTHOCHMBIC HAMU K Pa3IMYHBIM 00JAcTsAM €CTECTBO3HA-
Hus. CBOMCTBA CBETOBOTO JIyda, €r0 MPHUPOJIA, CIIEKTP, YHEPTHsl, KOTOPYIO
TOT WJIM HHO JTy4 HECET, — 3TO MaTephall, N3y4aeMbIid Ha YPOKaxX (PH3UKH.

Oxkpacka BellecTBa U MPUYUHBI €€ BOBHUKHOBEHHS — 3TO MpPEeIMET
M3Y4EHHUs XUMUU; IPUPOJa BOCIPHUSATHUS LIBETA YEIOBEKOM — MPEpOraTuBa
OHOJIOTHH;, BO3JEHCTBHE LIBETA HA YelOBEKAa — ATO 00JacTh dkojorun. Ta-
KiM 00pa3oM, MBI MTOTIBITAEMCSI OTBETUTh Ha HEKOTOPBIE BOTIPOCHI, CBSI3aH-
HBIE C IPUYMHON BO3HMKHOBEHHUS I[BETA BEIIECTB M NPEIMETOB C TOUKH
3pernst ¢u3ukd. llBeT — KadecTBeHHass CYOBEKTHBHAS XapaKTEPHCTHKA
JNEKTPOMArHUTHOTO M3JIy4YEHHUS ONTHYECKOIr0 [uamna3zoHa, omnpenensemas
HAa OCHOBAHHMH BO3HHKAIONIETO (DH3UOJOTUUYECKOTO 3PUTEIHHOIO OIIYIIC-
HUS, ¥ 3aBHCAIIAS OT psiga PU3UUECKUX, HHU3UOJOTHUCCKUX U TICUXOJIOTH-
geckux (hakTopoB. VHAMBHIyalbHOE BOCIPHUATHE I[BETAa OIPEIEIACTCS ero
CHEKTPAIBbHBIM COCTAaBOM, & TaK)Ke IIBETOBBIM U SIPKOCTHBIM KOHTPACTOM C
OKPYKaIOIIMMH UCTOYHHKAMHU CBETA, a TAK)KE HECBETANTUMHUCS 00BEKTAMHU.

CyObEeKTUBHO BOCIHPHUHUMACMBIN 3pECHUEM IIBET H3JIYYCHHS 3aBU-
CUT OT €ro CIEKTpa, OT MCUXO(PHU3HUOJOTHUCCKOTO COCTOSHHUS YeIOBEKa
(BnusiroT: (HOHOBBIM CBET/LIBET, €0 IMBETOBAs TEMIICPATypa; 3pPHUTEIbHAsS
aJanTanusi), ¥ OT CIECHU(PHISCKIX CBOWCTB MHAWBUAYaJIHHOTO Iiasza. Pas-
JIMYAOT axpoMmaruueckue 1Bera (Oemblif, cepbiif, Y€pHBI) U XpoMmaTHue-
CKHE, a TaKKe CIEKTPaJIbHBIC M HECHEKTPAIbHEIC (HATIPUMED, ITypPITypHBINA
WITH KOPUYHEBBIH 1BET).
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Jymato, 4To HUKTO He OyJeT BO3pakaTh, YTO I[BET 3aBUCUT HE
TOJIBKO OT TOT0, KaK OKpAIIeH TOT THJIH MHOH MPEeIMET, HO U OT TOTO, KaK
M KOTJa MBI Ha HErO CMOTPUM. B TeMHOTe Bce mpencraBiseTcs YepHBIM.
CTouT BKIIOYHUTH CBET U MHp MPEACTAET Mepe]l HAllMMHU TJIa3aMU BO BCEM
BEJIMKOJIETIMY BCEX IIBETOB U OTTEHKOB. 3HAUUT, HE MAJIyIO POJIb B BOCIPH-
ATUH LIBETa UrpaeT cBeT. Bo3MoXkHO, pa3rajgka u kpoercs 37eck. PaccMoT-
PHUM HOHSTHE CBET C TOUKH 3PEHUS (PU3HUKH.

CKOJIBKO paJloCTH M JETSAM, M B3POCIBIM JIOCTAaBISIET pajyra, mo-
SBIISIOIIAsiCsl B HeOE MOCIIe TEIUIOTOo JIETHETO JOXIUKa. PasHoIBeTHas my-
ra, OXBaTHBIIas M0JIHEOA, BBI3BIBACT B JIIO/SAX U3YMIICHHE IEpel IPUPOIOH
u BocxuuieHrne. OHaKo BUJETh Paayry MOXHO HE BCErJa, a TOJIbKO B TOM
Clly4ae, €CIM COJIHIIE CTOMT HEBBICOKO U y Bac 3a CIIMHOW. DTO COJIHEYHbIE
Jy4dH, TIPOMs CKBO3b BO3AYX M OTPA3MBIINCH B KalelbKax BOJIbI, BO3Bpa-
IIAI0TCS K HaM Pa3sHOIBETHOH pamyroil. To, 4TO cBET oTpaskaeTcsi OT BOJbI,
3HAET KaXbIH, CTOUT JIMIIL BCIIOMHHUTH OJIECK BOABI B pPEuKe, 03epe WIn
MOpE B ACHBIH, COJTHEUHBIN JeHb. MOJIEKyIIbl BOJBI CIMBAIOTCS B KaleIbKy,
a KamelbKd — B BOJIOEMBI, M yXKe JOCTaTOYHO HECKOJIBKO JIECATKOB METPOB
BOJIBI, KaK HACTYMAIOT IOJ BOJOW cyMepku. Bojma 4acTudyHO oTpaxkaer, a
YaCTHMYHO TOTJIOIIAET CBET, M OH ciabeeT, MpoOnBasCh CKBO3b TOJIIY BO-
JTBL.

Bo3nyx coctouT u3 ra3oB M mapoB BOJbl. MOJEKYNbl 3THUX Be-
LIECTB TaKXe SBISAIOTCA IpEerpajgond CBEeTy, HO Mperpajod, KOHEYHO,
HecpaBHEHHO Oosiee crnaboii, yem Boaa. CONHEUHBIN Ty JIETKO JOXOIUT JI0
MOBEPXHOCTH IUIAHETHI Yepe3 MHOTOKMIIOMETPOBBIH CIIOW BO3/IyXa, HO CTO-
UT TOJIBKO TOSIBUTHCSI 00IauKy, ¥ MBI OKa3blBaeMcs B ero TeHu. 1 Bce xe
BO3[yX HE IIPOCTO MPOIYCKAET CBET, a B3auMojeicTByeT ¢ HUM. [lonauany,
KOTJa JIyd COJIHIIA TOJBKO HauyWHAaeT NPOHUKATh B arMocdepy, OH He
BCTpeYaeT MPENsSTCTBUN: BEPXHHUE CIOU aTMOC(ephbl CHIIBHO Pa3pexeHbl U
paccTosHUE MEXIy OTACIbHBIMH MOJIEKYJIaMHU ra3oB OUYCHb BEIHMKO. Yem
HIDKE TpOOMBAETCs JIyd, TeM OOJbIIE MPENMATCTBHI Ha €ro IMyTH, TakK Kak
OmKe K 3eMHOH IOBEPXHOCTH BO3/1yX CTAHOBUTCS BCe 0oJiee IUIOTHBIM.
CrankuBasch ¢ MOJIEKyJIaMHU Tra30B, Jy4d CBETa YaCTUYHO OTPAXKAIOTCS OT
HUX (KaKk M OT MOJIEKYJ BOJBI) U PACCEUBAIOTCS. DTH PACCESIHHBIC JIyIH MBI
U BOCIPHHUMAaeM Kak roiy0oil nper HebGa. Ecim e cMOTpeTh IpsMo Ha
COJIHIIE, TO OHO KQXXETCSl HaM JKEITOBATHIM, a Ha 3aKaTe OPAaH)XEBBIM. JTO
T€ COJIHEYHBIC JIy4H, YTO IPOPBAINCH K HAM CKBO3b BCIO TOJIIY BO3ZyXa.
[To mBery 3akaTa CTapoXXWJIBI MOTYT C JIOBOJBHO OOJBLION JTOJEH BeposT-
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HOCTH Jla’ke TMpeJICKa3aTh MOroLy Ha 3aBTpa. B 3ToM HeT HM4Yero oco6eHHO
YIUBUTENBHOTO. Benp HarpeTslil Bo3ayx MeHee IJI0TeH, U Yepe3 Hero Jydu
CBETa MPOXOAAT C MEHBIIUMHU MOTepsMHu. Ecim OnMHM30K HOXKAb, TO aTMO-
cdepa HacbIIIIEHA TapaMy BOJIBI, @ OHU CHJIbHEE 33JIEP’KUBAIOT M OTPAXKAIOT
cBer. L[Ber 3akaTrHOro Heba OyJeT B KaKJOM Cllydae pasjidueH: CJIOU XO-
JIOMHOTO M TEIUIOT0 BO3IyXa OTIMYAIOTCS 10 CBOEH IMIOTHOCTH W IIO-
pa3sHOMY IIPOITYCKAIOT CBET M MO-pasHOMY ero otpaxkaioT. Cirygaercs, 94To
Jy9H CBETA OTPAXKAIOTCS OT HEKOTOPBIX CIIOEB BO3IyXa, KaK OT 3epKaa.

Bo3myx y Harperoil COJHIIEM MOBEPXHOCTH MEHEE IUIOTCH, YeM
HaxoJdIIMecs BbIlIe clI0ou. JIydn cBeTa OT OCBEIIEHHBIX COJIHIIEM IpeaMe-
TOB Ha MOBEPXHOCTH 3€MJIM OTPAKAIOTCSA OT BBHIIIEPACIIONIOKEHHBIX BO3-
JIYIIHBIX CIIOEB, KaK COJNHEYHBIA 3aifYMK OT 3epKaia, M BO3BPAIIAIOTCS K
MMOBEPXHOCTH YK€ 32 MHOTO KHJIIOMETPOB OT TOTO MECTa, TAE COJHIE
ocBemaet npeamersl. OOMaHYNBBIC BUCHHS CIIACHTEIBHBIX 0a3UCOB B ITy-
CTBIHE — 3TO OTPAXEHHUS B aTMOC(HEPHOM «3epKajie» JAIEKUX PealbHBIX
oazucoB. XKutenu JlazypHoro Oepera ®paHimy nHOTrA BUISIT B HEOE TOPEHI
octpoBa Kopcuka, XOTsI 10 HEro IBECTH KWJIOMETPOB MO MOpI0. A oiHa-
JKIBI KOMaH/a SIIIOHCKOTO KOPaOJisi, HAXOAWBIIETOCS Y BOCTOYHBIX OeperoB
Kopewn, yBuzaena cuiy3T BEICOKO TOPHI, HAXOIIIICHCS HA OJHOM U3 OCTPO-
BOB SIMoHMH, 10 KOTOPOTO OBLIO YyTh JIH HE THICSYA KMIIOMETPOB.

L[BeT TOro MM MHOTO yYacTKa pajyru, Kak M IBeT Jo0oro okpa-
LIEHHOT'0 BEIECTBA, OMPEAEIAETCS TON JUIMHHOW BOJIHBI, JHEPTUsI KOTOPOM
npeoOyiaiaeT B JaHHOM u3iydeHuH. COJHEUHBIN JIyd COJIEPXHT B ceOe Bce
LBETA paJyryd WM CBETOBBIE BOJHBI pAa3IMYHON JUIMHBI. L[BEeT coenvHenui,
UMEIOIINX OJHY TO0JOCY TOTJIOMICHUS B BUIUMOW 9acTH CIeKTpa (Tpu 00-
JIyYCHHUU THEBHBIM CBETOM).

Tabauma 1
JInHa BOJHEI OHeprus,
LIBeT MOTIOIEHHOTO CBETa IIBer BemecTBa
HOTJIONIEHNUS, HM xJIx/Monb
400—435 299—274 DuoseroBbIit XKenro -3eneHslit
435—480 274—249 Tomy6oit AKenerit
480—490 249—244 3eneHoBaTo-ronyooi OpamxeBblit
490—500 244—238 T'oryboBaTo -3e1eHblH Kpachsrii
500—560 238—214 3enenblii [yprypHblit
560-580 214—206 Kento-3eneHblit DuoneToBbli
580—595 206—200 Kentorit Tony6oit
595—605 200—198 OpankeBblii 3eneHoBaTo-ToIy00H
605—750 198—149 Kpacubrii ToyboBaTo-3eseHbIit
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OO6parnTe BHUMaHHE, KaKIOW JIMHE BOJHBI COOTBETCTBYET OIpe-
JIeTICHHAsI SHEPTUs, KOTOPYIO 3TH BOJHBI HecyT. UeM Kopoye JJIHHA BOJHBI,
TeM OOJIbIIIE YHEPIHHU MEPEIACT JyU BEIIECTBY MPU CTOJKHOBEHUH. MOXKHO
MOJICYATATh, KAKYI0 SHEPTHIO HECET CBET TOW WJIM WHOW JUIMHBI BOJHEL. B
1900 M. [InaHk Ha OCHOBE CBOMIX HAOJIIOJICHUI 3a IOIJIOIICHUE CBETA BE-
IIECTBOM U TCIIJIOBBIM H3JIYYCHHUEM IMPUIICIT K BBIBOAY, YTO DHEPIUsa CBETA
MOCTYMaeT K 00JydaeMOMY BEIIECTB OTJCIbHBIMUA HEOOJBIINMH HOPIHSI-
mu. Takue nopuuu SHepruu [IaHK npeyoxKiT Ha3BaTh KBAHTAMHU.

Ecnu BemecTBo crnocoOHO MOTJIONIATh TOJIBKO KBAHTHI OTpele-
JICHHOW HEPruy, TO 3THUM OJHO3HAYHO OIPENCIIACTCS U I[BET BEIICCTBA.
Korma Oenblii cBeT, majgas Ha Kakoe-JIMOO TBEPJOE TENIO, MOJHOCTHIO pac-
CeHMBAaEeTCsl UM, TO TAKOE TEJI0 KAXKETCs HallleMy I1a3y OeCIBETHBIM, OelbIM,
HeokpanreHHbIM. Hao0opoT, eciii Bce Maaroline Ha TeJIo Jy4d UM IOTJI0-
IAIOTCS, TO MOJIy4aeTcs BIIeUaTIeHUe YepHoro 1Bera. Hakouer, Tena, mo-
TJIOMIAFOIINE OJTHH M3 MAAIONINX IPOCTHIX JIy4el U pacCEUBAIOIINE APYIHe
W3 HUX, KOKYTCsS HANIeMy Trja3y IIBETHBIMH WM OKpamieHHbIMH. [[BeT siB-
JIETCsl, TakuM 00pazoM, pe3ylIbTaTOM HW30HUPATETHLHOTO TMOTJIOIICHUS
OTIPEICNICHHBIX YYaCTKOB B HEMPEPHIBHOM CIIEKTPE MAJAI0IIero Oenoro
cBeTa.

Jlumepamypa:

1. T'ypckmit U. I1., «OnemenrapHas dusuka», «Hayka», Mocksa,
1986

2. Tlepensman Sl., «3anumarensHas pusnuka», Mocksa, 1987.

3. Hernad A.A., Seopckuii 5.M. Kypc dusuku: Yued. mocobue
Ju1st By30B. — M.: Beicu. mik., 1989. — 608 c.: ui.

4. AnemkeBnu B.A. Dnekrpomaraetusm. — M.: OU3MATIINT,
2014. — 404 c. — ISBN 987-5-9221-1555-1.
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EHLIE PA3 O «kKAPTE3SUAHCKOM BOAOJIA3E»
Xapbkoeckuli HayuoHarsnbHbIlU yHugepcumem um. B.H. KapasuHa
Cm.: 4. Qonzononoea, A. Manyus, A. ®edopeHkKo
Pyk. dou. A.P. Kazaykoe

«Kapresuanckuii Bogosas» (Cartesian diver), omgHa u3 crapeninmx
cpeau MOMYJSPHBIX (PU3NYECKUX WIpYIIEK, Ha3BaHA B YECTh 3HAMEHHTOTO
¢panmysckoro ydeHoro 17 cromerus Pene Jlekapra (COrIacHO JaTHHCKOM
Bepcun Hanucanus ero damuiauu, Cartesius, Kapresuii). [lepBoHavanbHbIit
JI3aliH «BOJI0JIa3a» MPENCTABISI COOOH MepeBEpHYTHIH OTKPHITHIM OTBEp-
CTHEM BHM3 MAJICHbKUM CTEKIIIHHBIA COCYJ, TOMEUIEHHBIN B 3all0JJHEHHBIN
BOJIOM BBICOKMH CTEKJIIHHBIA LIWJIMHAP, TEPMETUYHO 3aKPBITHIM 3J1acTHY-
HO¥ MeMmOpanoif, Puc. 1. Camum Bo071230M MOTYT OBITH CTEKJISTHHBIC TIPO-
OMpKH WM OYTBUIOYKHM OT MEAWIMHCKUX IPENaparoB, YTSHKEICHHBIC TPH
HEOOXO0MMOCTH METAJUTMYECKOH ITPOBOJIOKOH MM Ap. CPEACTBAMHU.

RUBBER
MEMBRANE

Puc. 1. Kitaccuueckas Bepcus «KapTe3HaHCKOTO Boxonazay [1].

[Ipn Haxkatnm MeMOpaHBI JaBJICHHE BOJBI BO BHEIIHEM COCYIE
YBEIMYMBACTCS, M OHA MOCTYIAeT BO BHYTPEHHHWH cocyn (BOm0JIA3), CXKU-
Mas BO3[yX BHyTpu Hero. Tem caMbIM 00beM BojoJa3a (KOpIyC cocyzia U
BO3IyX) YMEHBIIAETCS, U MIPU MPAaBUIBLHOM IOJI00pPE YCIOBHUIl BOJ0Oa3 Te-
psieT IUIaBydYecThb, MOTPYKasCh BIIyOb BHELIHErO COCyZAa. AHAJIOTMYHO,
OTTATHBAaHHE MEMOpaHbl BBEpPX ITOHIDKACT JABJICHUE W YIy4llaeT IJIaBY-
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4ecTh BoJoa3a. Eciau OH M3HAYaJIbHO HAaXOAWJICS Ha JTHE COCyaa, 9TO MO-
JKET MO3BOJIUTh BOJAOJA3y BCIUIBITh. TaKOM CLIEHapUil UCIOJIb30BaHMS UT-
PYIIKK TIPUHATO HasbIBaTh Cartesian riser.

Hacrosimuii peneccanc HacTynmuul st cTapod (U3MYEcKO Hr-
PYIIKH C MacCOBBIM PaclpOCTPaHEHHEM TOHKOCTEHHBIX T€PMETHYECKH 3a-
KPBIBAIOIIMXCS TUIACTHKOBBIX OYTBUIOK. MX HCIOIB30BAaHHE B KaueCTBE
BHEIITHETO COCyJa IMO3BOJISIET MOJHOCTBIO OTKA3aThCS OT MEMOpAaHBI: IS
W3MEHEHHUSI IaBJICHUS B CHCTEME JIOCTATOYHO CXKaTh CTEHKH OYTBUIKH, IPH-
YeM HX MMPOYHOCTH JIOYCKAeT BEChMa CYIIIECTBCHHEIC TABIICHUS.

PazHooOpas3ue (GopM COBPEMECHHBIX IUIACTHKOBBIX KOHTCHHEPOB
II03BOJISET JIETKO OCYILECTBUTH U TAKOM COBEPILIEHHO KOHTP-UHTYUTUBHBIN
JKCIIEPUMEHT. Eclu cedeHne BHENIHETO COCy/aa He KPYroBoe, a, Halpumep,
IHNTHYecKoe (OYTBUIKH JUTA MIAMITYHSI), TO C)KaTHE e€ro BAOJb OONBIION
MOJTyOCH TIPUBENET K ysenuueHuro 00beMa, a 3HAYUT, K YMeHblUeHUI0 aB-
JieHus B cucteme. Bosonas npu 3ToM He TOHET, a moAHUMaeTcs [2].

KpoMme »skcnepyuMeHTaqbHOTO U KaueCTBEHHOTO HCCIIEIOBAHUS
«IK30THYECKUX» KapTe3MAHCKUX BOJI0JIA30B, MPOEKT MPEeaycMaTpUBaI pac-
YeTHI 10 HaX0XKJICHUIO 3aBICHMOCTH ITOTCHINAIBHON SHEPTHH BOJOa3a OT
rIyOuHBI ero norpyxenns. Ha Puc.2. rpadudeckn mpencraBieHa MOTICH-
Hasi COOTBETCTBYIOIIAS 3aBICHMOCTb B CPaBHCHUU C aHAJIOTUYHOM Ui 3a-
KPBITOTO BOJIOJIA3a TAKOTO XKe 00heMa U JTUHBL.

uly)

u,J

y,m

o
o

Puc. 2. [ToTeHuanbHas SHEPrUsl OTKPHITOTO (CIUIOIIHAS JIMHUS) U 3aKPbI-
Toro (MyHKTHp) Bogosasa U kak (GyHKIHUS €ro TIIyOUHBI TOTPYXKEeHuUs Y.

99



XVII Pezionanvrna naykosa cmyoenmcoka KoHgepenyis
AKTYAJIbHI [IPOBJIEMH DI3UKH TA IX IHOOPMAIIIHHE 34AFE3IIEYEHHA

BuaHo, 4TO B OT/IIMYME OT 3aKpHITOTO BOJOJIA3a, MOTEHIHMATIbHAS
SHEPrUsl OTKPBITOTO MMEET HE OCTPHIH MAakCHMyM (OTMEYEH Ha PUCYHKE
KPYIJIBIM MapKepoM), COOTBETCTBYIOIINI PaBEHCTBY CHIIBI TSXKECTH BOIO-
Ja3a U JeMCTBYIOLIEH Ha HErO CUIbl ApXUMea: MOJI0XKEHUE HEYCTONYHUBO-
ro paBHoBecus. OKa3aBIINCh HAa COOTBETCTBYIOIIEH Ti1yOMHE, BOJ0a3 3a-
BHCACT, HO TPH MAJCHIINX HW3MEHEHHUSIX IJIaBY4eCTH HAuyHEeT IBUTaThCs
BBEPX WJIM BHU3. 3aKpBITHIN BOJOJA3 HE MMEET TAKOTO MaKCUMyMa MOTEH-
[UAJIbHOM 3HEPIUH, a 3HAYMT SABJSIETCS HE MOTOIUIAEMBIM OOBEKTOM, NPH
N30BITOYHOM TIOTPY)KEHHH BCETZla BO3BPAIIAIOIINMCS K MUHUMYMY TTOTEH-
LUAIBHOM SHEPrUU.

OKCIIepUMEHTHI, TPOBEICHHBIE Ha JUIMHHBIX (710 70 cM.) 3aKpBITHIX
pe3MHOBOM MeMOpaHO# TpyOKax B KaueCTBE BHEIIHEr0 KOHTEHHEpa, MoKa-
31K OTJIIMYHOE COBMajeHMe ¢ pacuetamu. OTmernm, 4ro Ha Puc.2 mpuse-
JICHBI JaHHBIE PacueTOB A BOAOJA30B, MapaMeTpPhl KOTOPBIX COOTBETCT-
BOBAJIM YTSDKEJIICHHBIM CTEKISIHHBIM IPOOMpPKaM, HCIIOJIb30BaBIINMCS B
peanbHBIX IKCIIEPHUMEHTAaX.

XapakTep 3aBUCHMOCTH IOTCHLIUAIBHOM SHEPTHH BOJOJa3a OT
IyOWHBI €r0 TIOTPYKEHHSI IO3BOJIMI IIPOBECTH, BO3MOJKHO, HECKOJIBKO
HEOXXMJAHHBIC AHAIOTUH C TIOBEACHHEM CHCTEM, OOJIQAIOIIUX MaMATHIO
¢dopwmer [3]. Tlpu Bcel MpUHIMNUATBHOCTH (PU3NYECKUX OTIUYUI OT COOT-
BETCTBYIOILMX CIUIABOB (HUTHHOJ U JIpyrue, BKIKOUas COBPEMEHEHHBIE Op-
TraHUYEeCKHE COEJUHEHUS), BOCCTAHOBJICHUE NEPBOHAYAIBHOIO COCTOSHUSA
CUCTEMBl BHEIIHMI KOHTEHHEP-BOJ0JIa3 OCYIIECTBISETCS aHAJOTUYHO,
HArpeBOM BO3/lyXa BHYTPH BOJI0JIa3a, IPUBOIAIIMM K €T0 BCIIIBIBAHUIO.

Jlumepamypa.

1. Trowbridge L. Learning Cycle Science Activities for Elementary
and Secondary Schools. Greely, CO: University of Northern Colorado;
2001.

2. Kruglak H. The Rising Cartesian Diver. Phys. Teach. 13, 68
(1975).

3. Kazachkov A., Dolgopolova D., Fedorenko O., Moskalenko Ye.,
Paputsia A., Prudka K. Modeling of shape memory materials. ®i3uuHi siBuia
B TBepaux Tinax. Marepianu XIII MixuapoaHoi koudepenirii (Xapkis, 5-8
rpynus 2017 p.), c. 26.
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OPTAHHBIN KOHIIEPT HA 3AHATHUAX

1O ®U3UKE
Xapbkogckul HayuoHarsnbHbIlU yHugepcumem um. B.H. Kapa3UHal,
HauyuoHanbHbIl mexHudeckul yHugepcumem «XTN»?
cm.: []. Qonzononoea", K. Mpydkas’, A. Manyust",

K. Cepzeesa', C. MupoxeHko", 1. Acmaxoea', C. dunamos’,
K. Nanuman"; N. HazopHsak’, H. MalicmpeHko®, B. KoganeHko’,
B. Ky3bMeHKo?

Pyk.: dou. A.P. Ka3zaukoe', npog. E.C. CbipKuH?,
dou. A.M. Mocnenoe’, doy. A.E .I7upommul

OpraHbl — HEBEPOSITHO BENWYECTBEHHBIE U OJHHU U3 JPEBHEHIINX
MY3BIKaJIbHBIX HHCTPYMEHTOB. X HCTOpHS HACUUTBIBAET HECKOIBKO THICAY
neT. OTH NPOU3BENCHUS NHKEHEPHOTO HCKYCCTBA OYECHb PA3IMYAIINCh Pa3-
MepaMHu U pOpMaMH, U C TOJIaM1 UX 3By9aHHE CTAaHOBHIIOCH BCE Ooiee pas-
HOOOpa3HBIM. B CJIOXXHBIX KOHCTPYKHIHSIX OpPraHOB HCIIOJB3YIOTCSI He-
CKOJIBKO THICSIY METAJUIMYECKUX U ACPEBSIHHBIX TPYO, AnuHON oT 20 caHTH-
MeTpoB /10 18 MeTpoB.

[IpoToTHriom opraHa ObIIM HHCTPYMEHTHI, B KOTOPBIX KaxKJas
TpyOKa mpenHa3Ha4yanach ISl 3ByYaHUS HA OJHOW ONpeNenéHHOW HOTe.
[Mpocreimuii U3 TaKMX WHCTPYMEHTOB — 3TO CBHpenb (uim «dueiita Ila-
Ha»), KOTopasi 0ObIYHO MMeeT 0KoJI0 20 TpyOOK pa3iu4HON JUTMHBI, 3aKPbI-
TBIX C OJHOTO KOHILA M H3JAIOUIUX 3BYKH, €CIM OyTh MONEPEK APYroro,
OTKPBITOT'O KOHIIA.

Jns Toro, 4TOOBI crenaTh «opraH it (Gpu3nkay, Hy)kKHO PaccMOT-
peTh €ero OTHeNbHbIE NPHHIUIHAIBHBIE COCTABIAIOIINE: TPYObl pasHOM
JUIMHBL. MBI ncnonb3oBaim 2 Habopa Tpyd: ot 28 cMm (Pe 1if okTaBsr) 10 19
cM (JIa 13 okraBsl) u oT 16 cm (Jlo-nue3 2it oxrassl) 1o 7 cM (Pe 3it oxra-
Bbl). B Hameii pabote Mbl paccMOTpenr 00pa3oBaHHe CTOSYUX BOJIH B TPY-
6ax ¥ 3aBHCIMOCTb 4acTOTHI 3ByKa, H3aBaEMOTO TPyOOH, OT €€ JUTNHBEI.

Ecnu ynapute cBepxXy 1o 0HOMY U3 KOHIIOB TPYOBI PyKOii, TO OHa
U3JacT 3BYK, COOTBETCTBYIOIIUN HEKOTOPOH MY3BIKaIbHON HOTE, KOTOpas
3aBUCHT OT JJIMHBI TPYOBl. TakuM 0Opa3oM MBI BBI3bIBAEM KOJIeOaHUS BO3-
JIyXa, a UMEHHO, CTOSTUYIO 3BYKOBYIO BOJIHY.

Crosure BONHBI BO3HUKAIOT NPHU OTPAKEHUUHU OErylIUX BOJH OT
Iperpaja B pe3yibTaTe HAJOXKEHHUS OTpaXEHHOW BOJHBI Ha mpsMyro. Pas-
JIMYHBIE YYacTKH BOJIHBI KOJICONIOTCS B OJHOW W TOW e ¢ase, HO ¢ pas-
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JUYHOU aMIUTUTYAO0U. B cTosueit BoHe, B oTiU4me OT Oeryiiei, He mpouc-
XOJUT TEUYEHUS SHEPTHH.

B crosumx BoNHAX CyIIECTBYIOT OCOObIE TOUKH: Y3IIbI (TOUKH, TIC
KOJICOAHHSI OTCYTCTBYIOT) M ITyYHOCTH (TOYKH C MaKCHMAaJIbHOW aMILIUTY-
JIOW). Y3I11bl M ITy4HOCTH pacrojiararorcsi B TpyOe Ha pacCTOSIHUSIX YETBEPTH
JUIMHBI BOJIHBI, TIPHUYEM y TBEPAOW CTEHKH (TOH, KOTOPYIO MBI 3aKpbUIN
pyKoii IpH yaape) Bcerza oopasyercs y3ed.

=4 =3 g
L—4, L= 1 L=

iz
4

L

Puc.1 Crosraue BOJHBI B TPyO€E ¢ OTHIM 3aKpBITHIM KOHIIOM: (1) riaB-
Has WK TIepBasi TapMOHUKA, (3) TpeThs rapMOHUKa, (5) IATas TapMOHHUKA.

Crosiure BOJIHBI B TaKOW CHUCTEME MOPOXKIAIOT psin yactoT (Tap-
MOHMK) U, TaK KaK Ha OTKPHITOM KOHIIE HE MOTYT HaXOJIUThCS y3JIbl CTOS-
4eil BOJIHBI, 00pPa3yrOTCs TOJBKO HEUETHBIE TAPMOHUKH, JaCTOTHI KOTOPBIX
COOTHOCATCS C [UIMHOW TPYOBI CIEIYIOINM 00pazoM:
v 3v Sv (Zn+ 1w
h=gqp =3 =3 fma="7 —ren=0121.
Tak kak OCHOBHOM TOH 3a/laeT UMEHHO IepBas rapMOHHKaA, Ha ee
9acTOTY MBI U OPHEHTHUPOBAINCH IPU M3TOTOBIECHHH TPYOBI, COOTBETCTBY-
IOLEH OIpeNEeHHON HOTe. B LensX eIuHCTBAa HaCTPOMKU MY3bIKaJIbHBIX
HWHCTPYMEHTOB BO BCeM Mupe B 1938 roay npuHST TOH, COOTBETCTBYIOLIUN
yactote 440 I'u. Tak 3By4nT 7151 IepBOi OKTaBbl. MIHCTpYMEHT aiist BpuKca-
LMY U BOCIIPOU3BECHUS 3TAJIOHHON BBICOTHI 3ByKa HA3bIBACTCSA KAMEPTOH.
3BYK MMEHHO A3TOH 4YacTOTHI MBI CIBIIINM II€pe]l HayajloM BBICTYIJICHHUS
OpKecTpa, KOT/1a HaCTPanBaOTCsl HHCTPYMEHTBHI.
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VHTepecHO, YTO CIBIIIMMAas YacTOTa 3BYKa B TPyOe 3aBUCHUT eIle U
0T crioco0a u3BJIe4YeHHs 3ByKa. Tak, eciii JyTh IIOIEePeK OAHOTO M3 KOHLIOB
TpyOBI (kKak BO «(erite [laHa») ¢ OIBYMS OTKPHITHIMH KOHIIAMH, YacTOTa
OCHOBHOTO TOHa OyzeT B JBa pa3a OoJibllle, YeM NpPHU NpPEABIIYIEM THIIE
W3BJICYCHUsI 3BYKa, JUIsl TPYOBI TOW K€ JUIMHBL, a 4acTOTa FAPMOHUK Oy/eT B

0011eM BUJIE BBIPAKATHCS TaK:
Zny nv

fzﬂ:4L ZL,r,qen—ﬂlZ

OTO CBSA3aHO C TEM, YTO HAa OTKPHITHIX KOHIAX TPYOBI HE MOXKET
BO3HHKATh Y3JIOB CTOSYCH BOJHBI, W IOJYYAIOTCS BOJHBI TOJBKO YETHBIX
TapMOHHUK.

B paboTe Hag MPOEKTOM MBI TPOU3BENIN PACUETHI [UIUH TPYO, CO-
OTBETCTBYIOUINX M3BECTHBIM YaCTOTaM OIIPENEIICHHBIX HOT M MCCIEI0BATN
COOTBETCTBHE IKCIIEPHMEHTAIBHBIX JAHHBIX MPH W3MEPEHUU YacTOTHI 3BY-
Ka B TpyOKax HamuM pacderaM. HaMm ymanock yOemuThcs B HAIHYNH He-
CKOJIBKHX JTOMHHHPYIOIIUX YacTOT (TJIABHOM TapMOHUKH M CIEIYIOIIHX
MOCJIC Hee) ¥ B M3MCHEHUH YaCTOTHI 3BYKa JJISl TPYOBI C IBYMSI OTKPBITHIMHU
KOHIIaMH (Bnpoqu 3TO SBHO CIIBIIIHO JaXKe HAa KAUeCTBEHHOM YPOBHE).

«Du3nUecKHii» KOHIIEPT
TIPUCXOINUT CICAYIOIUM 00pazoM.
Kaxnpiif 13 CTyA€HTOB—Y4YaCTHHUKOB
MOJIy4aeT OJHY TPYOKy OIpeleiicH-
HOM JJTMHBI, HM3JAIOIIYI0 3BYK COOT-
BETCTBYIOIIEH BBICOTHI. «JlHpmxep»,
B COOTBETCTBHH C HOTaMH IIPOH3BE-
JICHHS, JaeT KOMaHAy Ha H3BIICUCHHC
3ByKa «MY3BIKaHTamM». B JaHHOM
. 9KCIIEPUMEHTE 3aJIeiCTBOBAHBI AMO-
[UOHAJIbHAS M 3CTeTHYEeCKas chephl JIMYHOCTH HEMOCPEACTBEHHBIX ydacT-
HUKOB U BCEHl ayIUTOPHH, YTO CYIIECTBEHHO IMOBBIIIACT MMO3HABATEIBHYIO
aKTUBHOCTB CTYIICHTOB.

1.Don Rathjen, Paul Doherty, Esther Kutnick, Exploratorium Teacher Institute
Square Wheels: And Other Easy-to-build, Hands-on Science Activities. Exploratorium Science
Snackbook p.59-62 (2008)

2.C.H.PxeBkun Kypc neximii o Teopuu 3Byka. M31aTescTBO MOCKOBCKOTO YHH-
Bepeurera (1960).

3.J1x.B.Crpert (topz Paneit) Teopus 3Byka Tom 2. Mocksa, I'ocynapcTBenHoe U3-
JIATeNIbCTBO TEXHUKO-TEOPETHYECKOH Jiutepatypsl (1955).
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MOAEJIOBAHHA OIITUYHHUX 3AKOHIB TA SAIBUILL

Y JABOPATOPHUX YMOBAX
Xapkiscbkul HaujoHaibHUU yHieepcumem iMm. B.H.Kapa3siHa
Cm. A.C. KonicHuk
Kep.: cm. gukn. B. I. Jlumap, C.J1. KonicHuk

OCHOBHOIO METOIO AaHOI POOOTH € peai3allis IPUHIUITY JOCTYII-
HOCTi BI3yaJbHOTO CIIPHIHATTS 3aKOHIB MOIMUPEHHS Ta BIIACTHBOCTEH
cBiTIa. 3aBmaHHA poOOTH: aHali3 HAyKOBOI, METOIMYHOI JiTepaTypy Ta iH-
TEpHET-/KEepEN II0JI0 MOXKJIMBOCTEH Bi3yawizalii 3aKOHIB MOLIMPEHHS Ta
BJIACTUBOCTEH CBITJIA; pO3POOKA PEKOMEH/IAIIi 3 BUKOPUCTAHHS ONTHYHOTO
obnaananns «OIITIKOZ» npu BuBYeHHI po3ainy «CBITJIOBI BHINA» Y IIKi-
TBHOMY Kypci (i3WKH; TEOpeTHYHEe Ta NpPaKTUYHE MOJCTIOBAHHS SIBHII
«Mipax» Ta «Becenka»; MOMOBHEHHSI MaTepiallbHO-TEXHIYHOT 0a3u KabiHe-
Ty Qi3UKH.

[IpoBeneHi HaMK JOCHIKEHHS Ta 3alpONOHOBAaHI HAMHU CIIOCOOH
MOJICITIOBaHHS ONTHYHUX 3aKOHIB Ta SBHUII Y JIA0OPATOPHUX YMOBaX Jaiu
MOJKJIBICTH CTBOPHTH HEOOXiTHI YMOBH ISl TIPOBEINCHHS MOCIHINIB 3 BH-
BUCHHS MPSAMOJIHIHHOTO TONIMPEHHS, BiIOMBAHHSA, 3aJIOMIICHHS CBITIIA,
BH3HAYCHHS (DOKYCHOT BiICTaHi Ta ONTUYHOT CHJIM TOHKOT JIIH3H, YTBOPEHHS
KOJIbOPOBOi TraMH CBiTJIa, BUTOTOBJICHHS HAWMPOCTINIUX ONTUYHUX MPH-
CTpOIB Ta PO3POOUTH AITOPUTMH MOJICITIOBAHHS TAKUX MPUPOIHUX SBHIIL SIK
«Becenka» Ta «Mipax». JIepCIeKTUBHICTh MaHOI POOOTH — II¢ MOJasbiia
po3pobKa Ta 3aCTOCYBaHHS B HaBYAJFHOMY IpoIleci MOAi0OHOTO 00agHaH-
HS Ta TIXOMIB 10 MOACTIOBaHHS (HiI3UYHUX MPOIIECiB SK 3 TeMU «CBITIOBI
SIBUIA», TAaK 1 3 IHIIUX PO3JLIB IIKUTBHOTO KypCy (i3UKH, IO B CBOKO Yep-
Ty MpHU3BeJe 0 NOMyIsipru3allii (pi3MKH Ta 3pOOUTH HayKy OUTBIN IIKaBOIO Ta
3aXOTIIIHBOIO.

1. AxagemivuHHil TIyMadHHA CIOBHUK — Pexxum noctymy:http://sum.in.ua; 2. Boxu-
HoBa @. f1. ®izuka. 7 knac: [ligpyunuk / @. 5. boxunosa, 1. 0. Henaures, M. M. Kiproxin. —
X.: BugaBauurso «Panox», 2007. — 192c¢.; 3. Byn P.JI. ®usuueckas onrtuka.: Monorpadus /
Byn PJL;-M.: OHTH, 1936. 895 c.; 4. Bikinexis. BinbHa enuukionenis. — Pexum mocrymy:
http://uk.wikipedia.org; 5. Jimutpiesa B.®. ®isuka: Hagu. noci6./[Imurpiesa B.®.— K.: Texnika,
2008.- 648c.; 6. Maiiep B.B. CBeT B onTruuecKr HEOJHOPOIHOM Opesie: yueOHbIe HCCIeIOBAHMUSL.
/ Maitep B.B. — M.: ®umariurt, 2007. — 232 c.; 7. Meroanka HaBuaHHs (Qi3UKH B CepeHii
wkoni — Pexum pocrymy: http://fizmet.org/L6.htm; 8. Tlporpama st 3arajabHOOCBITHIX HaB-
vanbHux 3aknanis. ®isuka. AcrpoHomis. 7-11 wmacu. — K.: Tlepyn, 2005 - http://class-
fizika.spb.ru; 9. http://www.babylessons.ru/opyty-i-igry-s-volchkami/; 10. http://rifmovnik.ru/lib

/2/book.htm; 11. http://www.youtube.com/watch?v =uFhOPmMVGTU; 12. http://www.youtube.
com/watch?v=WYZ WDEmMLR90; 13. http://www.youtube.com/watch?v =GwZyY jzSvZK.
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JEMOHCTPALIUSA TOKOB ®YKO
HauyuoHanbHbIl mexHuyeckul yHusepcumem « X[ »
Cm.: NN.N. Qeamsapsb, .M. MalibopoOda
Pyk.. doy. U.B. MNanywak, doy. F0.B. MeHbwoe

B pesynbraTte sBIEHUN CaMOMHIYKIUU U B3aUMHOW HHIYKIUU B
MacCUBHBIX 00pa3nax HaXOISIIUXCS B 30HE JEHCTBHS NIEPEMEHHOTO JJIEK-
TPUYIECKOTO TOKA WM MEPEMEHHOTO MAarHUTHOTO MOJSI BO3HUKAET Iepe-
MEHHOE 3JIEKTPUIECKOe TI0JIe — BUXpeBble TOKH (Toku Pyko). Kak m3Bect-
HO 3TH BUXPH 3JEKTPUUECKHUX 3aps0B IPUBOJST BO-TIEPBHIX, K pPa30rpeBy
MacCHUBHBIX 00pa3loB, BO-BTOPHIX, K BOSHUKHOBEHHIO BPAIIAaTEILHBIX MO-
MEHTOB WM BBITAJKUBAIOMIMX CHJI (IposiBJIeHHe mpaBuia Jlenma), B-
TPETbUX, MPU MOBBIIIEHUH YaCTOTHl MEPEMEHHOTO TOKA BHXPE-BBIE TOKH
CTPEMSATCSI BEITAIKHBATHCS B TIOBEPXHOCTHBIE CIIOM MaTepHaa.

BapunanTel 1eMoHCTpanuy BUXpEBBIX TOKOB: 1. Bommsu comneHon-
Jla, MOJICOETMHEHHOTO K MCTOYHHKY NMEPEMEHHOTO TOKa, MOMEIIAl0T I10-
OuepelHO MAcCUBHBIM CIUIOIIHOW oOpaser MpoBOJHHMKA M 00pasel, cio-
KEHHBI W3 OTIENbHBIX M30JHPOBAHHBIX ITacTHH. CryomHOW obpaser
MOCTENIEHHO HarpeBaeTcss M «ryauT»; 2. JleMoHcTpamus ceplaeyHHKa
TpanchopMaTopa U poTopa dekrpoasuraressi. O6a U3rOTOBJICHBI U3 OT-
nenbHbIX TuiacTuH; 3. KoublieBoil mycroTenblii KOHTYpP C PYKOSITKO¥-
JepkaTeaeM. B Komblie MMEIOTCS OTBEpCTUS Maoro auamerpa. Ecim
KOJIBIIO 3aMIOJIHUTh BOJON M IIOMECTHTH B IEPEMEHHOE I10JIE COJICHOM/1A, TO
nox jeiicreueM TOKOB (DykKo KONBLO PAa30rpeBaeTcs M BOJA 3aKHUIIAET;
4. KyOuk, cienaHHBIA M3 OTACNIBHBIX M30JUPOBAHHBIX MPOBOISLIMX ILIa-
CTMHOK. B 1eHTpe rpaHel clenaHbl KPIOYKH JUISl TOJBEIIMBAHUS KyOWKa
MEX]y MOJIFOCAaMH MOIIHOTO 3JIeKTPOMAarHuTa. B 3aBHCHMOCTH OT B3anM-
HOTO TIOJIOKEHHS BEKTOpa MHIYKIMHM MAarHUTHOT'O IOJIST M HAaIPaBJICHUS
COCIMHEHHUS TUIACTHH KyOWKa, KyOMK JTMOO TOBOpAadMBAETCs, TUOO BHCHUT
HEemoABMKHO;5. CIUTOIIHON IMCK C OCHIO BpAICHUS, OJHOBPEMEHHO pas3-
MEIIEHHBIH MeXJIy OOMOTKaMH 3JIEKTPOMAarHuTa M IOCTOSIHHBIM MarHu-
toM. IIpu npomyckaHuu nepeMeHHOro TOKa 4epes IEKTPOMArHuT B AUCKE
HHAYLUPYIOTCS BUXPEBBIC TOKH. MarHUTHOE MOJIe 3TUX TOKOB B3aUMO/IEii-
CTBYET C MOJIEM IIOCTOSHHOTO MarHuTa U JIUCK BPaIIaeTcs.

1. Tpopumosa T.M. Kypc ¢pusuxu :yae6. mocobue mis BysoB / — 1ll-e m3m. —

M. :U3parenscknii neHTp «Axkazemus », 2006. — 560 c., 2. https://mephi.ru/students/vl/physics,
3. gamemag.ru/news/.../fizicheskie-demonstracii.
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YCTPOMCTBO JIATUMKA BPOBUHA
N EI'O HCITIOJIB3OBAHUE

A ®PU3NYECKUX I[EMOHCTPAI_[I/Ifl
HauuoHanbHbIl mexHudeckul yHusepcumem « X[ »
Cm. C.B. latieapoHckuli
Pyk.: douy. A.H. AHOpees, doy. O.H. AHOpeeesa
«lMpupoaa npocta B CBOMX 3aKOHaX,

HO B6ecKOHEYHa B CBOMUX MPUIIOKEHUSAX»
I.B. JlenbHuy,

HecMmoTpst Ha TO, YTO ¢ MOMEHTa NEPBBIX IKCIIEpUMEHTOB Tecna
10 TIPOBOIHON M GECTIPOBOAHOMN Tepenade dIEKTPOIHEPTHH MPOILIo Ooee
100 ner sTa TeMa He TepseT aKTyaIbHOCTH U HA CETOMHIIIHMUN JeHb. Tak B
1993 r. B.1. BpoBHH CKOHCTPYMPOBAI U TOJY4YHJI NMATEHT HA YCTPOWCTBO,
npeoOpasyloliee YHEPriui0 UCTOYHHUKA MMOCTOSIHHOTO HAIPSHKEHUS B JHEP-
THI0 BBICOKOYACTHOTO 3JIEKTPOMAHUTHOTO TMOJII B OKPYXKAIOLIEM IIPO-
cTpaHcTBe, KoTopoe [lareHTHOE BemoMcTBO HasBano «Jlatunk bpoBuHay, a
caM n300peTaTens — «kauep (Kadareslb peakKTUBHOCTH )».

Lenpto nanHO# paboOTHI SBISUIOCH — NPOEKTUPOBAHUE, HACTPOIKa
CXeMBbI Kadepa M JEMOHCTpAlMsl C €ro MOMOIIBIO CAaMOCTOSITENBHBIX T'a30-
BBIX Pa3psi/ioB.

Kauep mpencraBnsier coboif aBTOoreHepaTop C HMHIYKTUBHOW 00-
paTHOM CBsI3bIO, B KOTOPOM HCIIOJIB3YeTCs SIBJICHHUS pe3oHaHca. OCHOBHBI-
MH DJJIEMEHTaMH Kadepa SBIISFOTCS: \
KaTYIIKH WHIYKTHBHOCTH (BTOpHUYHAs
L; m mepBuuHas L,) u TpaH3uCTOp
(puc. 1). Hng HAMOTKH 6mMOpUYHOU ' bl S
06MOmMKYU ~ WICTIONB30BAJIICS  MEIHBIN \&k
npoBoa TommuHON 0,21 MM MOKpBI- "
TBIH CJIOEM H3OJSIIMOHHOTO  JIAKA. 12y —— o . ==
HamoTka KaTylky MpoBOANIIACH «BH- KT 05AM
TOK K BHUTKY» Ha JAUDIEKTPUYECKOE
OCHOBaHHE (IIACTUKOBasi Tpyda ana-
merpom O =7 cMm). BbUI0 HaMOTaHO
830 BUTKOB, BBICOTA KATYIIKH COCTa-
Buna 17,5 cm. Ilepsuunas obmomxa -
9TO OECKapKaCHBIA COJICHOW[, COCTOSIIUI U3 5 BUTKOB IPOBOJIOKU

Puc. 1. Dnekrpuueckas cxema
Kauepa.
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d =2 mm. [lepBuuHas ¥ BTOPUYHAS KATYIIKH 3aKPEIUSUTHCH HA OCHOBAHHH
TaKk 4TOOBI, HANpaBICHHE HAMOTKM BHTKOB coBmazaano. Ilockombky mpu
paboTe Kauepa TPaH3UCTOP CHIIBHO HArpeBaeTCs, TO JUIS €r0 OXJIAXICHHS
WCIIOJIb30BAJICST ATIOMHUHMEBBINH paauarop. TpaH3UCTOp KECTKO KPEmHICs
Ha paJyaTop, Ha KOTOPBIH ObLIa HaHECEHa TEIUIONPOBOMAIIAsS 11acTa B Me-
CTe KpeluieHusi TpaHsucropa. Hacrpoiika kauepa HpPOM3BOAMTCS ITyTEM
mo100pa COMPOTUBIICHHS pe3ucTopa Ry.

B 3aBucuMocTn oT crmocoba «opopMIIeHHs» CBOOOTHOTO (HEMOI-
KJIFOYEHHOT0) KOHIIAa BTOPHUYHON KAaTYIIKH MOHO IPOJAEMOHCTPUPOBATH
pas3iMuHble BUJABI Ta30BBIX pa3psnoB. Tak, OCTaBICHHBIA CBOOOIHBIM KO-
HeIl KaTylIKy (WM IpUIasHHAs K HEMY HIJIa), JaeT BO3MOXKHOCTh Ha0Ito-
JaTh «cmpumepy - TYCKJIO CBETSIIUECS TOHKUE Pa3BETBIEHHBIC KAaHAIIBI,
KOTOPBIE COJEpP)KaT MOHU3MPOBAHHBIE aTOMBI I'a3a U CBOOOAHBIC 3IEKTPO-
HBI. BHOCS B 1oste kauepa TpyOKH, HATIOTHEHHBIE PA3IHIHBIMUA HHEPTHBIMH
ra3aMu, MOXKHO HAONIONaTh mielowutl paspso W IEMOHCTPUPOBATH Oec-
MIPOBOJHYIO Tepenauy 3JIeKTpudecKor sHepruu. st nemoHcTpaunu dyzo-
6020 paspada HEOOXOIUMO K CBOOOTHOMY KOHIy BTOPHYHOW KaTyIIKU
MpUOIM3HUTh 3a3eMIICHHBIH ITpeaMeT. Ecii NpUKOCHYThCS 9TUM IPEIMETOM
K MPOBOJY IOSIBUTCS Jyra, a MEIEHHOE OTBEICHHE MPEAMETOB Pyl OT
Jpyra OyaeT yBeJIH4YuBaTh €€ JUTHHY.

Kauep u ycrpoiicTBa Ha ero OCHOBE MOT'YT UCIIOJIb30BaThCS B Ka-
YECTBC MCTOYHUKOB BBLICOKOBOJIBTHOI'O BBICOKOYACTOTHOTO HANPSXKCHUA U
MCTOYHHKOB BBICOKOYACTOTHOTO 3JIEKTPOMArHUTHOTO TOJISL.

[Tpn paboTe kauep cO3aET CHIIBHOE IEKTPOMArHUTHOE T0JIE, W3-
3a KOTOpOro HaONIOAAloTCs HapylleHuss B paboTe COTOBBIX Tele(OHOB,
(oroarnmnaparos, MIAHIIETOB U BBIJEISIETCS 030H, KOTOPBIN JIETKO OLIYTUTh
110 COOTBETCTBEHHOMY 3ariaxy.

Takum oOpazom, B paboTe ObUIM paccMOTPEeHbl OCOOEHHOCTH
YCTPOWCTBA W MPHHLUNA PaboThl Kadepa. OcyIecTBICH MOHTaX COOTBET-
CTBYIOIIMX 3JIEMEHTOB M NPOJEMOHCTPUPOBAHBI Pa3IMYHBIC BUIBI CaMO-
CTOSITETIBHBIX Ta30BbIX Pa3psa0B.

1. bpoun B.J. Kauep-texHonorust 1 ee NpUMEHEHHE B OONBIIMX CIOXHBIX CHUCTE-
Mmax. / B. U. BpoBuH // IIpo6nems! yrpapieHus 6€30MaCHOCTBIO CIIOKHBIX CHCTEM: €O. Hayd. Tp.
XIV mexnaynap. kou¢., M.: PITY, 2006. — C. 502-505; 2. bposun B.U. fIpnenne nepenauu
SHEpPTHU MHIyKTUBHOCTEH Yepe3 MarHUTHBIC MOMEHTHI BEIIECTBa, HAXOSIIErocsl B OKPYXKaroIee
IIPOCTPAHCTBE, H ero npuMeHenue, M.: «MetaCuntesy», 2003r., 20 c.; 3. Paiizep 10.I1. dmsuka
ra3oBoro paspszaa, M.: Hayka, 1992 r., 536 c.
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IMPOBOJIOYHBIA MOTOP
HauyuoHanbHbIl mexHudeckul yHusepcumem « X[ »
Cm.: B.P. lLlanoesanoe, E.A. KoekuH
Pyk.: douy. T.H. lenecm, cm. np. C.C. KpusoHoc

IIpoB0JIOYHBIA MOTOP — UCKIIOUUTENBHO M3SIIHASL B CBOEH JIaKo-
HUYHOCTU KOHCTpYKUMs. Kaxaplil 37eMeHT B HEH BBINOJIHAET HECKOJIBKO
¢bynkmii. batapeiika CIy)KUT HCTOYHUKOM MHUTAHUS, YBECHUCTBIM CTATOPOM
U oNopoM [uig poTopa. MarHut — 3T0 U UICTOYHUK IOCTOSIHHOT'O MarHUTHO-
ro mojs. HakoHelr mpoBoJIOYHAsS paMKa — 3TO OTIWYHBIA POTOP CO BCTPO-
€HHBIMM LeTKaMHu. Ha MPOBOIHUK C JIEKTPUYECKUM TOKOM, HAaXOIALIHICS
B MAarHUTHOM IOJI€ TIOCTOSIHHOTO MarHuTa, JEMCTBYeT cuiaa AmImepa, 3a-
CTaBJISIIOLIAs €ro IepeMelaTbCesl.

Jns onbiTa moHagoOuTes Oarapeiika, Kpyriiblii HEOIMMOBBIA Mar-
HUT, MEJHBIA MPOBOJ B JIAKOBOM H30JIALIMM, a TaKXKe HEU30JHMPOBAHHBIN
MIPOBO/I.

W3 memHOrO mMpoBOAa HEOOXOMMMO HaMOTaTh KarymKky (15-20
BHUTKOB), OCTaBJISII CBOOOJHBIMH 110 5 CM MPOBOJA C KaXIOTO KoHIa. Menb
XOpOILIO MPOBOJUT TOK, HO HE MPUTATUBAETCS K MarHuTy. Ha koHuax ocr-
PBIM HOXXOM HEOOXOAMMO YIAIUTh BEPXHIOK MOJOBUHY H30JIAIIMH, OCTaB-
Jisl HUKHIOIO TOJIOBUHY B 3MasieBO# m3osianuu. Toxke camoe mpojenante
CO BTOPBIM KOHIIOM KaTYIIKH, HAOIfOas 3a TeM, YTOOBI HEM30JIUPOBAHHEBIE
KOHIIBI TIPOBOJA OBLIM HAINPaBICHBI BBEPX Y IBYX CBOOOJHBIX KOHIIOB Ka-
TYILIKH.

Tarke HE0OXOIUMO M3TOTOBHUTH MOJICPIKKY JUIS KaTYIIKA U3 He-
M30JUPOBAHHOTO TMPOBOJA, TaK Kak KPOME TMOJAEPKKH KATYIIKH OHH
JIOJDKHBI TOCTABJIATH €i SMEeKTPUUYECKUHA TOK. 3aTeM HeoOXOIUMO KaTYIIKY
PacoOJIOKUTh HA JBYX JIEPKATENSIX, U3TOTOBJIEHHBIX U3 HEU30JIMPOBAHHOTO
MpoBoAa. DTH JiepKateian OyayT IMPHUCOCIMHEHBI K Pa3HBIM KOHIIaM Oarta-
pe, Tak, 9TOOBI SMCKTPUICCKUN TOK MOT MPOXOJUTH OT OJHOTO ACPIKATEIs
Yyepe3 KaTyIIKy K IpyroMy nepskarento. Ho 310 OyaeT mporcXoIuTh TOJIbKO
TOT/Ia, KOTJa HEW30JMPOBAaHHBIE IIOJOBHUHBI MPOBOJA OYAyT OIMYyIIEHBI
BHM3, Kacasch JepKaTeiei.

ITonoxure cBepXy aKKymysisTOpa MarHUT U aKKypaTHO MOATOJIK-

HUTE KaTylky... Ecim Bce chemano mpasmiibHO, KaTyLlKa HaA4YHET

6bICTpO BpaI.I.I,aTbCFI! Hapneemcs, uro y Bac, kak u B HallleM dKCIepu-
MEHTe, Bce 3apadoTaeT C MepBOro pasa.
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MASITHUK AP CBOUMHU PYKAMMU U
MEXAHUYECKHI CIIOCOB 3AIINCH

B3AMMHONEPHNEHIAUKYJAPHBIX KOJTEBAHU
HauuoHanbHbIl mexHudeckul yHugepcumem « X[ »
Cm. B.U. Anekceee
Pyk.. douy. H.B. ®ambsiHoea, dou. A.5. QynbchaH

[IpocreimmM BHIOM KOJIeOATEIFHOTO IMPOIECCa B MEXaHUKE SB-
JSIOTCSI TaApMOHMYECKHE KoneOaHus. B MexaHuke rapMoHHYEcKoe Koieha-
HUE 33JJaeTCsl ypaBHEHHUEM:

% = xgcos{wt + @)
TZIe: X — CMEIICHNE Tella OT MOJIOKEHHS PABHOBECHUS, Xy - aMIUTUTYJa KO-
nebaHuil, ® — MUKINYECKas WM KPYroBas 9acToTa KojaeOaHui, t — Bpems..
PaccmoTpuM ciydail cioskeHHWs ABYX B3aMMHO MEPHECHANKYISP-
HBIX KoJieOaHuii. O003HaUNM IepeMEHHbIE BEINYMHBI IEPBOTO KOJIEOaHMs
B YpaBHEHHHU WHIEKCOM 1, BToporo kosedaHus, - uHIekcoM 2. B pesynbra-
Te anredpanyeckux mpeoOpa3oBaHuUil, OKOHYATEIFHOE YPABHEHHUE SIBIISICTCS
YPaBHEHHEM JIUINIICA, OCH KOTOPOT'O OPHEHTUPOBAHBI OTHOCUTEIHHO X H Y
MIPOM3BOJIBHO!
¥l J_.': 2 Xy ., ¥
2V A cosdg = sin“Agp
Jns 3ammcu crnoxxeHus B3a-
MMHO NEPHEHIUKYISIPHBIX KOJIeOaHUH
B (M3MUECKOH NpPaKTHKE 4YacTo HC-
MmoJIk3yeTcst ocumiuiorpad. B mganHOM A
paboTe paccMaTpuBaeTcs CHocod 3a-
IUCH CIIOXEHUS TaKuX KoJeOaHWil ¢
MOMOIIBI0 MasTHHKa Afipu, coOpaH-
HOTO BPYYHYIO IIPH ITOATOTOBKE 3KcIepuMenTa (puc. 2.)
MasTHuK A¥pu cocTouT M3 JABYX uacreil. Bepxuss, Omaromaps
JIByM II0JIBECAM MO>KET KoJIebaThCsl TUIIb B INIOCKOCTH, MapauIenbHOMN ocn
OVY. HuxHss MOXET K0ebaThCsl U B 3TOH IJIOCKOCTH, BMECTE C BepXHEH
4acThl0, U B INIOCKOCTH, NapaimiensHol oc OX U meprneHInKyIsIpHON ocH
OY. HmxHsAA 9acTh MasTHHUKA UMEET MEHBINYIO JUIMHY, [T0O3TOMY, 4YacToTa
KoJIeOaHWH HYDKHEH yacTH OoJIbllle, YeM 4acToTa KoJeOaHHi BCero mast-
HUKa.
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C MoMOIIBI0 TAHHOW KOHCTPYKIIMK MOYKHO CJIOKHTH JIBA B3aHMHO
MEePHeHANKYISIPHBIX KOJIEOaHUSI U MOCMOTPETh, KKyl TPACKTOPHIO OIH-
CBIBAeT YacTuiia. BopoHKa ¢ OTBEpCTHEM, SIBIISIOIIASICS «TPY30M» MasTHH-
Ka A¥ipH, U1 HalJIIJHOCTH MOXKHO 3aMEHUTH Ha TUTACTHKOBYIO OYTBUIKY U
HATIOJHHUTH MEeCKOM. [1oyduBIIyIOCS B pe3yibTaTe dKCIepUMeHTa Gurypy
NPUHSTO Ha3bIBaTh purypoit Jluccaxy (puc. 3).

Puc. 2 Puc. 3
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CEKUIII IH®GOPMAIINHOT O
SABE3IIEUEHHA4
HABUAJBHOTO ITIPOOECY TA
OISNUHUX OOCIIAXEHD
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BIPTYAJIBHI IABOPATOPHI POBOTH 3 ®I3UKHU

HA IIJIAT®OPMI UNITY
HauionanbHul mexHiyHul yHisepcumem «XIl»
Cm.: 4.0. 3ubeHkoe, O.C. AHaH’ee, M.K. CuniH
Kep. npogp. O.11. Cyk

Meta po6oTH — po3poOHUTH Ta BOPOBAAUTH B HaBYATHHHUN MPOIIEC
BipTyasbHi JabopaTopHi poOoTH 3 Kypcy 3aranbHOi (pisuku Ha miatdopmi
irpoBOTO MpOrpamMHOro KoMmiekcy Unity.

3acTocyBaHHs BIpTyalbHUX (KOMIT IOTEPHUX) J1a00OPaTOPHUX pOOOT
(mami BJIP) y HaBYaJIbHOMY MPOTIECi € OJJHUM 3 OCHOBHUX TPEHIIIB CydacHO1
ocBitTn. OcCOONMBO BaXJIUBY pPOJb BOHH BIfirpalOTh y AUCTAHLIHHOMY
napuanni [1]. Ha xadeapi ¢isuku HTY «XII» BJIP akTHBHO
BIIPOBADKYIOTHCS IPOTSATOM OCTaHHIX AecsaTupid [2].

Haiixpamux pesynabraTiB npu pospobdnenHi BJIP 3 npupoannumx
HayK MOXHAa JIOCATTH 32 BHUKOPUCTAHHs CIELIaJi30BaHUX MPOTPaMHHUX
kommurekciB COMSOL Multiphysics, LabVIEW Ttomo. IlpoTe 3a3nadeHi
CEepEIOBHINA € JOBOJI CKIAJHUMH Ta BapTiICHUMH, TOMY ITOCTIHHO BEJETHCS
MONIYK TPOCTIMNX 1, 32 MOXJIHMBOCTI, OE3KOIITOBHUX HPOTPAMHHUX
wiaTGopM, BHKOPUCTAHHS SKUX Jla€ 3MOT'Yy BUTOTOBUTH sikicHi BJIP.
OpHiero 3 HUX € «irpoBuid pymii» Unity3D. BiH Mae mupoxuii criekTp
iHCTpyMeHTIB Juis au3aiiny 2D- i1 3D- creH, BUOYyIOBYBaHHS CIOXKETY i
aHIMaIlifHAX POJMKIB, OCBITIEHHS, 3BYKOBOTO O(OpMIICHHSA, pOoOOTH 3
rpagiYHAME 00 €KTaMH, CHUCTEMaMH YaCTHHOK Ta IIOTY)KHY CHCTEMY
aHiMarii 3 MoHTaxHUM ctosioM. Haxane Unity He Mae cremiamizoBaHIX
IHCTPYMEHTIB Ul MOJCTIOBaHHS (I3MYHHX SIBHII, TOMY BUTOTOBJICHHS
BJIP 3 ifor0 IOMOMOTOIO 3aBXIU MOTpeOye MOJATKOBHX TEOPETHYHHX Ta
EKCTIEPUMEHTAIBHUX JOCIIHKEHb.

Ha mimoTHOMY erami mis 3’sicyBanHA MoximBocTeid Unity Oyrmo
obpano Tpu BJIP 3 MexaHiku Ta elleKTpoMarHeTusMy. PeanbHi aHamoru mux
polit ommcano B mociOHUKY [3] 3a Ha3Bamu «BuUBUEHHs pyxy Tina 3i
3MIHHOIO ~ Macoio»,  «JlochipkeHHs — mojsipusauii  JIeJIEKTPUKIBY,
«Bu3HayeHHs] MAar”iTHOI CHOPUHAHSATIMBOCTI TapaMarHiTHOI — PiTuHUY.
3a3HaueHnid BUOIp IaB 3MOTYy PO3IIHPHUTH HOMEHKIIATYPY JabopaTOpHHX
poOit mpakTukymy Kadeapu Qizuku.

BJIP € came anamoramMu peanbHUX POOIT, OCKUIBKH ICHYE ICTOTHA
KUIBKICTh YMHHHUKIB, SIKI BKpall BaXkO, a00 HaBITh HEMOXKIHUBO
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3MojienmoBaTi. HacaMriepe HaeThesl MPO BHUIAAKOBI MOXUOKH, 10 3aBXKIM
CYNIPOBOKYIOTh ~BHKOHAHHS pealbHHX poOir. Tomy moBoamioch
BIABATHUCSA [0 IIEBHUX XUTPOINIB, MO0 CHMYIIOBATH MPaBIOIOMIOHUI
nepeOir Gpi3NYHUX IPOLECIB.

Y  JonoBimi  JeTalbHO  OMKMCAaHO  MpOLEeC  PO3POOJICHHS,
BUTOTOBJICHHS Ta BHUKOHaHHsi oOpanux BJIP, mnepebirm  pobit
MPOJEMOHCTPOBAHO HAa BIMNOBITHUX KOMI IOTEpHUX Mozensx. Ha puc. 1,
SK TPHUKIA] TIO0Ka3aHO CTapTOBI poOOUYi CTONM [ABOX BHUTOTOBIICHUX
CHUMYJISITOPIB.

a) 6)
Puc. 1. CtapToBi po6o4i cTONH BipTyalIbHUX J1a00PATOPHUX POOIT
a) BJIP «BuBueHHs pyxy Tia 31 3MiHHOIO Macotoy; 0) BJIP «Buznauenus
MAarHITHOI CIIPUHHATINBOCTI TapaMarHiTHOI PITAHI

[IpoBeneHi MOCTIIKEHHS! NalOTh 3MOTY BHCHYBAaTH, LIO IrpOBHIA
nporpamuuii komruieke UNity € mimkoM NpuaaTHUM s BUTOTOBJICHHSI
cuMynsTopiB  HapuanbHux BJIP. HMoro memomikm, 30kpeMa BiaCyTHICTH
IHCTPYMCEHTIB Ui TOOYIOBH MOJeENed (i3MYHUX MPOIECiB Ha OCHOBI
TEOPETUYHHMX  CIIBBIIHOLIECHb, CKJIQJHICTh paHIOMI3alii pe3ynbTariB
BHUMIPIOBaHb TOIIO, MOXYTh OyTH IMOJIOJIAHI Yepe3 3aTyUeHHS T0JaTKOBHX

MporpaMHUX 3aco0iB Ta BUKOHAHHS HECKIQJHHUX EKCIEPUMEHTAIbHUX
JIOCITiIDKEHB.

[1]. ICT Enhanced Learning / Monograph / Eds. Danguole Rutkauskiene, Oleksandr
Suk, Daina Gudoniene - Kharkiv, “Planeta print, 2017. — 312 p.; [2].Cyk A.®., CunensHHK
1.B., Cunensruk A.B. KomIbloTepHSBIi 1a00paTOPHBIN MPakTHKyM 0 ¢u3uke / Yueb. - MeTon.
nocodue. — XapokoB: «Toukay, 2011. — 247 c.; [3].Mamanyii A.O., Xpamosa T.B., Cyk O.IL.
Ta iH. 3arampHa ¢i3uka. JlabopaTopHHi mpakTHKyM: HaBd. mociOHMK: y 3 4. U.1: Knacnuna
MexaHika. TepmonuHamika i craTucTnuHa ¢i3uka. Enexrprka Ta Marsetusm / 3a 3ar. Pex. A.O.
Mawmanys —X.: Tigpyaruk HTY «XTI», 2012 — 352 c.
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JIO IUTAHHS ABTOMATU3ALIl BUMIPHOBAHHS
OKPEMMUX ITAPAMETPIB CYYACHHUX

AHTEHHUX CUCTEM
Xapkiecbkul HauioHanbHuUl yHieepcumem paOioeneKmpOHiKul,
Xapkigcbkul HaujioHanbHuUl yHieepcumem [llosimpsiHux Cur
im. IsaHa Koxedy6a®
Ccm.: €.10. MenbHuk', B.B. He6pam*
Kep. doy. [].C. CudopeHko?

Hamr yac xapakrepu3yeThesi CTPIMKOIO TIOSIBOIO HOBITHIX TEXHOJIO-
il y BCIX Tally3siX cy4acHOi Haykd 1 TexHikn. OcoOIMBOi aKTUBHOCTI TaHUI
mpoiiec HabyBae y ramysi iHpopManiiiHO-KOMYHIKaiHIX TEXHOIOTIH.

AHTEHHO-(iIepH] MPHUCTPOI € HEBiI EMHOIO YACTHHOIO OyIb-sIKOi
pagioTeXHIYHOI CUCTEMH 1 3HAYHOIO MIpOI0 BH3HAYAIOTH il MOXIIMBOCTI Ta
TEXHIYHI XapakTepucTuku. [IpHUKIagaMu TakMX CHUCTEM € CHCTEMH pa-
I1I03B’S3KY, PAIIOMOBIICHHSI, TeJcOaueHHs, PaIiopeIeHHOTO 3B’ 3Ky, pamio-
JIOKarlii, pamioacTpOHOMII, pagioHaBiramii Ta iH.

3a ocTaHHI JECATHUPIYYS TEXHIKa aHTEHHHX IPUCTPOIB MpOWILIA
BEJIMKHH 1 CKITaHUNA NUITX. BUKOpHCTaHHS HOBUX Jialia30HIB XBHJIb, HOBI
TEXHOJIOTT B PajiOTeXHill 3aBXIM CHPUYMHSIIN BJOCKOHAJIEHHS CTapuXx i
MOSIBY NPUHIIMIIOBO HOBUX aHTEHHUX IPUCTPOIB.

[Ipu po3poOiii Ta BOpOBaPKEHHI aHTEHHUX MPUCTPOIB HalvacTile
MOCTa€ MUTaHHSA KOHTPOJIIO Ta BUMIPIOBAHHS OCHOBHHX IapaMeTpiB aHTCH.
[pu TpaaumiitHOMY MIAXOIl CIiJ] BUKOPUCTOBYBATH HEPYXOMY IIepeIaBallb-
Hy aHTeHy, a Ha NpUHMaIbHOMY OOl HEOOXiZHO 3IHCHIOBATH ITOCTYIIOBE
0o0epTaHHs MPUUMANBHOT AaHTEHH HABKOJIO BIIACHOI OCi i3 00O0B’SI3KOBUM
HOTYBAHHSIM PE3yJbTaTiB, O BiJOOpaKAOTHCS Ha BUMIPIOBAILHOMY 00Ja-
THaHHI. Yce IIe YHEMOJJIMBIIIOE IIBUAKHHA aHAJI3 MapaMeTpiB aHTEH Ta
BIUIMBY Ha HUX HaBKOJIMIIHIX MIOBEPXOHD (BiIOMBAIOUMX 200 MOTIMHAIOYIX
€JIEKTPOMArHITHI XBHJI1).

BpaxoByroun BuIe3a3HauYEHE, aKTyaJIbHOIO NMPOOJIEMOIO € 3aB/IaH-
HSl CTBOPEHHSI aBTOMaTH30BaHOi BUMIPIOBAIbHOI CHCTEMH, siKa Oyia 6 KoM-
MAKTHO0, 0arato(yHKIIIOHAIHHOI Ta HEBHCOKOI BapTOCTI, Ta HajaBamga O
MOJKJIMBICTh TIPAIIOBATH i3 OUIBIIICTIO BiIOMHX THIIIB aHTeH (BiOpaTOpHMUX,
IIJTMHANX, allepTypHHUX TOMIO) i 3MiHCHIOBaTH 0OpOOKY pe3ynbTaTiB 3aco-
6amu [TIEOM.
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PosrnsiHeMo ocoGnuBOCTI TOOYIOBH Ta (DYHKIIIOHYBaHHS aBTOMa-
THU30BAHOTO CTEHIY [UISl BUMIPIOBAaHHS OKpEMHUX IapaMeTpiB Cy4acHHUX aH-
TEeHHUX cucTeM (puc.l).

IIIx

~220B

BiK K L ] IIEOM

Puc.1 — CtpykTypHa cxema CTeHIY.

Becsk crern (oxpim [IEOM) sxuButhes Bin 010Ky xuBieHHs (bX),
SIKFIH TIPAIIIOE Bill 3aTabHOT MEPEKI.

[IK — npucrpiii kepyBanHsi. J[03BoJIsie 3IHCHIOBATH KOHTPOJIb Ta
YIIPaBJIiHHS ABUT'YHOM MTOBOPOTHOTO npuctpoto (I1I1).

[IT — moBopoTHHH mpucTpiid. BukopucroByeTbes st obepTaHHs
aHTCH HAaBKOJO BIJIACHOI OCi y TOpH3OHTaNbHIiN TuromuHi. CKiTagaeThes 3
MOTOpa Ta PEAYKTOPHOI CHCTEMHU.

@ — digep. CupsmMoByrOYa crcTeMa Ui CUTHAIIB BHCOKOI 4acTo-
TH.

Il — nerextop curHaniB. [Ipu3HadeHuit ajs 1030aBICHHS CUTHAIY,
10 IPUAMAETHCS, Bil MOTYIALLII.

[NEOM - mepcoHanbHa €NeKTPOHHA OOYMCIIOBAaJbHA MamnHa. Y
JTAHOMY BHUIIAJIKy BHKOPHCTOBYETHCS UIS BUMIPIOBaHHS Ta OOpOOKH pe-
3YJBTATIB JOCITIIKCHb.

[Ticas mMiAKIIOYECHHS CTEHAA JO MEPEXi )KHUBICHHSI CITII YBIMKHYTH
MOBOPOTHUH mpucTpid. Ile MokHa 3MIHCHUTH 3 MTaHeNi MPUCTPOIO KepyBaH-
HSL

AHTECHa TIOYMHAE TIOCTYIOBO OOEpTaTHCS HABKOJIO BIIACHOI OCI.
EnexkrpoMartiTHi XBWII, II0 CTBOPIOIOTHCS TeHEPATOPOM Ta IEpelaBallb-
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HOIO aHTEHOIO, BIIOBIIOIOTHCS Ta TPAHC(HOPMYIOTHCS MPUUMAIBHOI aHTe-
HOIO Ha BUCOKOYAaCTOTHI CHUTHAJM, SIKi, B CBOIO 4epry, HaIXOIITh 3a JOIIO-
MOTOI0 (imepa Ha IETESKTOP.

[licast nerekTyBaHHS CHTHAT HAAXOAWTh Ha BXiI ayaioKapTH
I[TEOM, sika 3a JONOMOIrOIO CIIEHIAILHOTO IMPOTPaMHOI0 3abe3ledeHHs
MPOBOJUTH BUMIPIOBAHHS CUTHAIy B KOKEH BCTAaHOBJICHHI KOPHCTYBaueM
MOMEHT 4acy Ta 3abe3mnedye moOyIoBy aiarpaMu CIPSMOBAHOCTI JOCTIIKY-
BAaHOI aHTEHHOI CUCTEMH B MOJISIPHUX KOOPAMHATAX.

[porpamumnii maker PolarPlot mpu3HadeHn#t 11 eKCIEpUMEHTATb-
HOTO BHM3HAYEHHS HAIPYXEHOCTI €JIEKTPOMAarHiTHOrO IIOJIs, IO CTBOPIO-
€ThCSl aHTEHOIO (pHcC.2).

IMpuain noOyxoBH AiarpaMu CIpsAMOBAHOCTI 0a3yeThes Ha 3alHu-
ci 3MIHIOBAaHOTO DiBHS MPOJETEKTOBAHOTO CHTHANY y BH3HAUY€HI MOMEHTH
qacy.

Curnan HeoOXigHO ToaaBaTH 110 Bxoay «line in» Ha 3BYKOBIi KapTi
ITEOM uepe3 kabesnb. TOYHICTH BUMIPIOBaHb 3aJISKHUTh Bijl JIHIHHOCTI 3BY-
KOBO1 KapTH.

43 PolarPlot ¥3.2.1 User = RX3ADU =1 x|

Copyright © 2007 GR Freeth e 01.02.2010 Auto Start
v, g4hfq.co.uk 11:14:35

o Rescale Rotation
Auta Stop r Plot Time

r

r

Triggered
180 Plot

2l
=T T
60

Calibrate Input

Collect Data Halt Collection |

Degrees Rotated Mo. of Readings ~ Reading
| 216 [ 285 )
Front <- Readings trimmed -> Back  Angle
[ o [ o | 39,16
Elements Polarization Est Gain

>8 ¥|  Horizontal 14,61 dBi
Rescale Plotinds [  Directivity

Despke | crciRect | Reverse |

Smooth | Lin { Log I Original |

File Name Show-3d8 [V
[Example 1.plp
Description Show editor [~
Collected by: [2 metre 10 element yagi using auto start/stop
<-Shrink Overlay.
2 metre 10 element yagi using auto start/stop Save File I Print Exit I

Puc.2 — Iatepdeiic mporpamuoro makera Polar Plot.

o6 3HATH miarpamy CHIPSMOBAHOCTI MepeqaBadbHOI aHTEHH, aH-
TEHa pUiMaNbHa aHTeHa TIOBUHHA MAaTH IOBOPOTHUI MPUCTPIH.
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OCKUTbKM KOXKEH MOBOPOTHHN MPUCTPIA Mae BIAaCHY HIBHIKICTh
obepTaHHs, TO IMPOTrpaMa Ma€e MOXKIIMBICTh KOMIICHCAITil IIUX BiqMIHHOCTEH.

Juis mobymoBu rpadikiB y MOISIPHIX KOOPAWHATAX IpoTpaMa mpo-
BOJUTH /10 360 BUMIpIOBaHb 3HAYEHHS HANPYKEHOCTI EIEKTPOMAarHiTHOTO
noJist. Yac mpoBesieHHs TOCIIPKEHHS € 3MIHHUM 1 33J1a€ThCsl KOPHCTYBa4YeM.

[ToBuHHI OyTH BXKHTI BIINOBIIHI 3aX0AU 00EPEKHOCTI, 11100 YHUK-
HYTH TOIIKO/DKEHHS KOMITTOTepa. 30KpeMa, KOpITyc MpHuiiMada i KOMI'IoTe-
pa HeoOXiTHO «pO3B'sI3aTH» KOHICHCATOpaMH, abo Iie Kpamie Tpancdopma-
TOPaMH.

Ananizatop piBHs curHany PolarPlot mae 1000 muckperHux 3Ha-
4yeHb. ['pananii piBHs BioOpakaroThCs PI3HUMH KOJILOPAMH.

OCKUTBKM TiJ 4Yac MPOBEACHHS MOCTIKEHb MOXYTh BHUHHKATH
CTpUOKH pIBHS CHTHAITY, IpoTrpaMa Mae BOyJOBaHy (DYHKIIIFO 3TIaKyBaHHS
(ampoxcuMmartii) 3Ha4YCHb.

YucneHHi TOCTIHKCHHS T03BOJISIIOTh 3pOOUTH BUCHOBOK, IIIO PO3-
PaxyHKOBI giarpamu CHpsSIMOBaHOCTI aHTEHHUX CHUCTEM (HarpHKIaj, 3a J10-
momororo ITIT MMANA) i3 3a1aHO!0 TOYHICTIO CITIBIIaal0Th 3 Pe3yJibTaTa-
MH eKCIIEPUMEHTAIBHUX IOCIIIKEHb

CrINCOK JIITEPATYPU:

1. MozenupoBanue aHTEHH M DJJIEMEHTOB Tpakra: Y4eOHO-
METOIMYECKOe 1M0COOue sl BHIIIOJHEHUS KypCOBBIX M CaMOCTOSITEIIBHBIX
paboT mo y4eOHBIM Kypcam «YcrpoiictBa CBU u aHTCHHBI» U «AHTEHHO-
¢unepueie yerpoiictsay. / Ilog pen. umakosa K. B. — Mxesck : k[ TV,
2009. - 127 c.

2. Cunopenko /I.C. BipryanbHi 1a00paTOpHi KOMIUIEKCH B Taily3i
paIioTEeXHIKH, ENEKTPOHIKH Ta TeleKoMyHikamiid. Monorpadis. Tom 1. — X.:
Haiikpamie micro, 2014. — 451 c.
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HUHTEP®EPOMETPUYECKHUE USMEPEHUSA
IHOKA3ATEJIA TPEJIOMJIEHUA

CTEKJSIHHOM IVIACTUHKHA
HauuoHanbHbItU mexHudeckul yHusepcumem « X1 »
Cm. B.B. [Jlemenmbesa
Pyk.: douy. A.H. AHOpeee, doy. O.H. AHOpeeesa

WuTepdepeHmyst cBeta MpeACTaBIsieT COOOM MPOCTPAHCTBEHHOE
nepepaciipeielieHie SHEPTUU CBETOBOT'O M3JIyYEHHS ITPH HAIOKEHUU KOTe-
PEHTHBIX CBETOBBIX BOJIH, B PE3y/bTaTe 4ero B OJHUX MECTax BO3HUKAIOT
MaKCHMYMBI, a B JIPyI'MX — MUHUMYMBI ocBelieHHocTu. VHTepdepomerpust
HaXOJMT IIMPOKOE NMPUMEHEHHE B PA3/IMYHBIX 00JIACTAX HAYKH U TEXHHKH.
B nmanHO# paboTe sBIEHNME MHTEPPEPEHIMN HCIIONIB3YeTCs ISl ONpeaee-
HUSI [TOKA3aTelst MPEIOMIICHHS TOJICTOW CTEKISTHHON TUTAaCTHHKH.

Ecnu Ha miiockonapajuienbHyIo IUNIACTHHKY TTaJIaeT CBET, TO BCIIE/I-
CTBHE HAJIO)KEHHS CBETOBBIX Jydel, OTPaKCHHBIX OT INEpeAHEeH M 3aaHei
IUIOCKOCTEH IUTaCTHHBI, BO3HHMKAeT MHTEpP(PEpPeHIMOHHAs KapTHHA B BHJE
mnoyjoc paBHoro HakioHa. Ha puc.l
MIPE/CTABIICH XOJ JIy4el B U3MEPUTEIb-
HoM ycraHoBKe. Jlyun 1 u 2 nmocne mpo-
XOXJEHHUsI 4Yepe3 OKyIsIp MajaloT Ha
CTCKIIHHYIO INNIACTUHKY B TOYKax En
Jl. Otpaxasice B Touke C OT 3aaHEl
MOBEPXHOCTH CTEKIIHHON TUIACTHHKH 1
IIPeJIOMIISSICh B TOUKe B nyd 2 BeTpeda-
ercs ¢ JIydoM 1 Ha 3kpaHe B Touke M.
Onrtryeckas pasHOCTb X0Ja Oy/eT:

Q\
NN
sy

-]

m
=\ /a
*

(¢]

R -]
L3N
N Y

2

N
N

*
> X
:

Puc. 1. Xon myueit B ycTaHOBKE.

A=2DCn—2(FE—FD)+%, L)

r7ie N — MOKa3aTeNb MPEIOMIICHHS CTEKISTHHOM IJIAaCTHHKHU; A — JUTHHA BOJI-
HBI AJAIOLIETO U3ITy4EeHUsI.

[ockobKy, B peanbHOil ycTaHOBKE yroi o Man u L>>h, To moxHo
CUYMTaTh, YTO YIJIBI MAJEHUS Jydel Ha IUIACTMHKY PaBHBI, TOTAA ONTHYE-

CKas pa3sHOCThb XOJa PaBHA:
- A
A:th/nz—smzom? (2)
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rzae h — TonmuHa CTeKNITHHOW MTACTUHKH; O - YTOJI MaJICHUSL.
VYuuteiBast cooTHOIeHKE (2), ycioBHe HHTEP(EPEHIIMOHHOTO MU-
HUMyMa M-Tro Nopsiika B TOUKe M MOXKHO IPEJCTaBUTh B BUJIC:

sina ) A A
Z_(2 1)=. 3
+2 (m+)2 (3)

A=2hn|1-

. I,
U3 puc.l Bugno, uto tga =sina = 2—“;_, rae ry — pamyc N-ro unTepde-

PEHIIMOHHOTO KOJIbIa; L — paccTOsIHUE OT IUTACTHHKH JI0 SKPaHa.

Bremonass npeobpa3zoBanus, moiydaeM GOpMyTy A Oompernese-

HUS IAaMeTpa TeMHBIX Koser Dy:
2
D’%‘:16L nﬂ,[Z_hn_mj' @)

h A

U3 (4) BumHO, 9TO B IICHTpe WHTEp(HEPEHIIMOHHON KapTHHBI pac-
MOJIATAOTCS KOJIbIIA, COOTBETCTBYIONIKME OOJBIIMM MOPSIKAM HHTEphepeH-
iy (M). B paccmarpuBaeMoil cxemMe HampaBlICHHIO K IICHTPY HHTephepeH-
IIMOHHOW KapTUHBI COOTBETCTBYET HAWOOJBINAsl Pa3HOCTh XOJa CBETOBBIX
o 2hn, crenoBarensHO, MaKCUMAIBHBIN HOPSIOK HAOMIOIAEMOTO MH-

2hn
HUMyMa UHTepPEpEHIIMOHHON KapTuHbI Oyner M., =——.

Tornaa BeIpaxkenue (4) MOXKHO TIPEICTABUTH B BUJE:
16L ni

[Ipn n3MepeHHsx, MOJIOKEHHE KOJIEl Ha SKpaHe ONpEACIISIOT 110
uX NOpsaKoBoMy Homepy N, oTCUeT HauMHaeTcsl ¢ IepBOro, BUAUMOTO Ha
9KpaHe TeMHOro Koibla. Ecau Ha oTBepcTHe B ieHTpe KpaHa nonazaaet Ny
HEeHaOJI0JaeMbIX MUHUMYMOB MHTEp(QEPEHIHH, TO [IEpBOMY HaOJII01aeMo-
My TEMHOMY KOJIbI[y MOXHO mpumucate Homep No+l, a xombiy Makcu-
mansHOTO TIopsiaka — N+Ng. B meHTpe skpana mpu 3TOM HaXOJIUTCS HYJe-
BO€ KOJIBIO MOPAAKA Myax. C yUETOM 3TOTO AUAMETPBI TEMHBIX KOJIELI:

2 2 2
0L\, o) = 28502 N = 28EME e o (e
— 0 h 0 h No

D2

D2 =

Jnst HaOmoneHuss nHTepdepeHIMOHHOW KapTUHBI Oblia coOpaHa
YCTaHOBKA, CXéMa KOTOPOH IpescTaBiIeHa Ha puc. 3. BeixogHoe usnydenue
nasepa 1 HampaBisieTcst Ha MOJIYJb 2, COCTOSIINI M3 3KpaHa C LEHTPATb-
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HBIM OTBEPCTHEM, B KOTOPOM HaXOJUTCS OKYJSIpP MHKPOCKOIIA, peobpa3y-
0L TTapalIebHBINA Ty90K CBeTa B pacxosmuiics. CBeTOBBIE BOJHEI,
OTpaXalolmuecss OT TepeaHell u
3aJHeH TOBEPXHOCTEH IUIACTUHKU
3, pacroI0KEHHOH Ha MOBOPOTHOM
cTonuke 4, SBISIOTCS KOTE€PEHTHBI-
Mmu. [loaToMy Ha SKpaHe 2 BO3HU-
o KaeT MHTePPEPEHIMOHHAsA KapTHHA
Puc. 2. Cxema ycTaHOBKH. B BUJIC KOHNCHTPUHUCCKUX HCPCIY-
IOIINXCS CBETIIBIX U TEMHBIX KOJIEII.
Bce anmeMeHThl yCTaHOBKM pa3MellauCh Ha ONTHYECKOM ckambe 5 uis
YIPOILEHHS FOCTUPOBKH.

Jns onpeneneHus nuaMeTrpa MHTEP(EPCHIMOHHBIX KOJel OblLia
pazpaboTaHa mporpamMma C HCHOJB30BaHHEM si3bIka Processing, xotopas
BBIBOJUT Ha 3KpaH (ororpaduro HHTEpPepeHIMOHHOH KapTuHbl. H]OP-
Manusi 0ToOpaxkaeTcst B TpeX OKHaX. B mepBoM — mpeaaBiieHbl KOOPIMHATHI
yKazaTelsl MbBIIIKM B IIpoliecce ee JBIKeHHs. Haxarue NeBOH KHOIKH U
(duKcupyeT ee KOOPAWHATHI, a Ha 3KPAaHE, B MECTE PACIIONI0KEHHS yKa3are-
151, mosiBiseTca Touka. [Ipu manpHe#meM mepeMenieHnd MBIIN ee KOop-
JIMHATHI BBIBOJATCSI BO BTOPOM OKHe. [I0BTOpHBIM HaXkaTHeM JICBOH KHOTI-
KU, (PUKCUPYIOTCS KOOPAMHATHI yKa3aTels, U Ha SKpaHe MOSBIISETCS] BTOpast
Touka. [Iporpamma coeuHAET 3TU BE TOUKU IPSIMOU JIMHEH U PaCCUUThI-
BaeT PacCTOSHUE MEX/y HUMH B IIHKCENSX, KOTOPOE BBIBOJUTCS B TPEThEM
okHe. [ToCKOIbKY KOJIbIla NMEIOT KOHEYHYIO TONIIMHY, TO OAHA TOuKa Oe-
percsi Ha BHEIIHEM pajuyce, a Apyras — Ha BHyTpeHHeM. 11 mepecuera
3HAUEHHMH MAaMETPOB KOJIEI M3 MUKCEJIeH B CAHTUMETPH MHTep(hEepeHIIH-
OHHas KapTuHa (ororpadupoBasack Ha MHJUTMMETPOBOH Oymare.

CornacHo (6), 3aBUCUMOCTb KBajpata Juamerpa HHTephepeHIu-
OHHBIX KOJIEI] OT UX HOMEpa SABJIAETCS JIMHEHHOH, a TAHT'€HC yIia HaKJIOHa
npsmoit k ocu abcuumce (b = tg @) cBsA3aH ¢ mokasareaeM MPENOMIICHHS
IUTACTUHKHU COOTHOIIEHHEM:!

htga
= ()
16L°4
Jlnst moctpoenus 3aucuMoctd D’ = f (N)u ompenenenus tg o B

paboTe OBbIIM ONpEeAeNeHb! IUaMeTphbl MepBbIX MATH cBeTbIX (D) u Tem-
HbIX (D7) nHTEphepeHInOHHbIX KoJiel (Tabmuna 1).
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I/I3 pI/IC.3 BHUIHO, YTO TAHI'CHCHI HAKJIOHA pr{MI)IX, TI0CJIC J'lI/IHeI\/’I-
HOW anmpoKCHUMAIIMH dKCIIEPUMEHTAJIBHBIX TOUYEK, JJISi CBETIIBIX U TEMHBIX
KOJIEI[ COBIAA0T. [Ipr 3TOM OTHOCHTENbHAS TOTPEIIHOCTD ONPEICICHUS
19 @ mns cBeTnBIX M TeMHBIX Kojer coctasiseT 2 % u 0,4 %, cooTBet-
CTBEHHO. BOuibIlias OTHOCHTENbHAS MOTPEIIHOCTh ONPEICICHUSI TAHT€HCa
yIJia ISl CBETIIBIX KOJIEl, BOBMOKHO, CBSI3aHa C UX OOJIBINEH TOMIUHON.

Tabnuma 1. Pe3ynpTaTel n3MepeHuii.

N 1 2 3 4 5
D+, cm 6,34 7,7 8,9 9,9 10,84
Dc, cm 5,6 7 8,28 9,5 10,36
[oxacrasue B (7) mapa- , , , ,
Merpel yctaHoBku (L = 1,33 m; it coed oML .
h =15 mMm; A = 632 M), monyyaem 100 = annpokcumaLc . ’
YHCIICHHOE 3HAYCHHME MOKA3ATeNst o | o0 2
MPEIOMIICHUS TUIACTHHKH: . -~
5 . O 6o rib tgu=19,3£0,4
_ 15.107.19,3-10 _162 ol
16-1,33*-632-10°° .
[Ipenebperast MOrpemIHoO- i 2 ,i i 5

CTbIO B ONPCACICHUN IJIUHBI BOJI-
HbI JIa3€pa U TOJIIHHBI CTCKIICH-
HOM IJIaCTHHKH, HaXOAHUM OTHO-
CUTCJIBHYIO IOTPEIMTHOCTH ITOKa3a-
TEJIA NPCIOMIICHUA TJIACTUHKH IPHU KOCBCHHBIX U3MCPCHUAX:

2 2
5n:@: Allge) J{ZA—LL) :«/0,022+0,0032z0,02:2%

n tgo

Puc.3. 3apucumoctu D?(N) s

CBCTJIBIX U TCMHBIX KOJICII.

Takum 00pasom, B paboTe: U3y4eHO sBJIEHUE MHTEP(EPEHIINM Ha
TOJICTOM IUIOCKONAPAJIIENbHOM CTEKISHHOM IUIACTHHKE; C MOMOILBIO CIIE-
[MaIbHO Pa3paboTaHHOM IPOrpaMMbl M3MEPEHHUH Juamerpa MHTEp(EpEH-
[IMOHHBIX  KOJIEIl  ONpPEIENEH  IIOKA3aTeldb  NPENOMJIECHUS  CTEKIA:
N=162+0,03; mokazaHo, 4TO H3MEPEHHE AMAMETPOB TEMHBIX KOJIEL]
MO3BOJIACT YMCHBIIUTDH IMOTPEHIHOCTE NIPHU ONPCACICHUN TaHI'CHCA HAKJIOHA

pAMBIX K ocu abemuce Ha 3aBucumocta D?(N) .
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OUBUYECKUE ITPUHIUIIBI PABOTbBI

JATYUKOB B MOBUJIBHBIX YCTPOHUCTBAX
HauuoHanbHbIl mexHuveckul yHugepcumem « X[ »
Cm. B.A.YepHeHKO
Pyk.: doy. U.B. CuHenbHUK, UHX. A.B. CuHenbHUK

Hcnonb3oBaHne COBPEMEHHBIX WH(POPMAIMOHHBIX TEXHOJOTHH
yXKe JIaBHO CTall0 YacThl0 HE TOJIbKO NMPO(ECCHOHAIBHON AEATEIbHOCTH
YeJIOBeKa, HO M €ro IOBCEAHEBHOM JKM3HU. M300peTeHHs m yCTpOWCTBa,
HEMBICIMMBIE JUIs YeroBeka XX CTOJICTHS, CTAJIH MPUBBIYHBIMHU U HE3aMe-
HUMBIMH B Pa3HBIX cepax >KU3HENesITeIIbHOCTH YenoBeka. J{axke MoOmb-
HBIH TenedoH, KOTOPBIM 00J1alaeT MPAaKTHYECKU KaXIIbIH, YK€ HCIIONb3Y-
€TCsl HE TOJIBKO JUISl COBEpIICHHSI TeJIe)OHHBIX Pa3rOBOPOB, HO M HUCIIOJNH -
eT pAA OPYTHX, HE CBOMCTBEHHBIX CPENICTBAM CBSI3H (DYHKIMH, 9TO HEPEIKO
MO3BOJISIET 3aMEHNUTh OPUTHHATIBHOE ycTpoiicTBo. CoBpeMeHHbIe cMapTdo-
HBI ¥ MOOWJIbHBIE TeNE(OHBI NCTIONB3YIOT PETHCTPAIINK CUTHAJIOB — OT He-
3aMBICJIOBATBIX OIBITOB JIO CIOXKHBIX HAYYHBIX U3MEpPEHUH B (HU3HKE, XH-
MHUH, OMOJIOTHH.

Ilenpro maHHOW pabOTHI OBLIO TEOPETHUECKOE HCCIeIOBaHUE
NPUHONIOB paboTel HamboJee pPacIpOCTPAaHEHHBIX BUAOB BCTPOCHHBIX
JIATYNKOB — YCTPOMCTB, MO3BOJIIONIMX MPOU3BOIUTE Pa3HOOOpa3HbIE M3-
MEpEHHs, a TaKKe PETUCTPUPOBATh MX PE3YNIbTAaTHl B cMapTQOHE, a TaKkKe
CpaBHEHHE HMX IapaMeTpOB C aHAJOI'MYHBIMHM XapaKTEpUCTUKAMU OpPHUTH-
HaJIbHBIX CTICHIUAJIM3UPOBAHHBIX TaTYUKOB.

B pesynbrare TEOPETHYECKOTO aHANIN3a, YCTAHOBJIEHO, YTO OCHOB-
HBIMH, Hanboyiee PacIpOCTPaHEHHBIMH JATIYNKAMHM, PACHOJIO0XKECHHBIMH B
cMapT(doHE, eCTh: aKCeIIEPOMETP, TMPOCKOII, TEPMOJATUHK, JaTIUK X0JuIa,
JIATYMK TPHOJIVDKEHMS, JaTYMK OCBELIEHHOCTH. Takue ycTpOWCTBa pacio-
JlararoTcs, Kak NMpaBmWiIo, TOJA KPBIIIKOH MOOWJIBHOTO TeneoHa M Mpen-
CTaBJIAIOT 000 MHUKPOUMITEI — MHTETPAIbHBIE MUKPOCXEMBI U MUKPOJIEK-
TPOHHBIE YCTPOICTBA, PErHCTpUpYIOMKE M oOpabaTriBatomIie Gu3nIecKre
curHanbl. Taxke pacCMOTPEHBI MEHEE paclpoCTpaHEHHBIE, HO BOCTpedO-
BaHHbIC PETUCTPUPYIOLINE YCTPOWCTBA, TaKHE KaK Iaromep, MylbCOMETP,
JIO3UMETP.

Ha ocHOBaHMM TPOBEAEHHOTO HCCIENAOBaHMA CHOPMYINPOBAHEI
BBIBOJIBI O MOJIN(YHKIIMOHAILHOCTH COBPEMEHHBIX MOOMJIBHBIX YCTPOMCTB,
¢u3nyeckoil cocraBisitomeil paboThl JaTYNKOB cMapT(OHa, HOIPEIIHOCTH
BO3MOXKHBIX H3MEPUTEIBHBIX MPOLEIYP.

122



XVII Pezionanvrna naykosa cmyoenmcoka KoHgepenyis
AKTYAJIbHI [IPOBJIEMH DI3UKH TA IX IHOOPMAIIIHHE 34AFE3IIEYEHHA

I'EOTEPMAJIBHA EHEPI'ETUKA: ®I3UYHI

NNPUHIAIINA, CYUACHUM CTAH TA IEPCIIEKTUBU
HauioHanbHuli mexHiyHul yHisepcumem «X[1l»
Cm. I.C. Pydakoe
Kep.: dou. I.B. CuHenbHuk, ac. F0.C. OsuyapeHko

Eneprernyna kpu3a, M0 BHHUKIA B CBITI HampuKiHII XX CTOpiY-
4st, i 3pOCTaHHS EKOJOTTYHUX MPOOIEM, CIIPUYNHEHNX IISUTBHICTIO JIIOIH-
HY, BUKJIMKaIA aKTHBHI MOUIYKH JIbTEPHATHBHUX JoKepes eHepril. OaHum
3 TaKMX HalpsIMIB CTajla TeoTepMalibHa CHEPreTHKa — BUKOPHCTAHHS eHep-
rii, OTpMMaHOI IIISXOM NEPETBOPEHHA BHYTPIMIHBOI (TEIUIOBOi) eHeprii
3emMIri y MeXaHIuHY, a TIOTIM — B SJICKTPAYHY.

Hwxde 3eMHO KOpH 3HaXOMUTHCS HIAp Taps4oi i po3IIIaBJICHOT
PEUYOBHHM, 110 HA3UBAETHCS MarMolo. BBaxkaeTbes, IO TETUIO BUHUKAE TaM,
nepenycim, 3a paxXyHOK po3Majy NPUPOJHHUX PaJi0aKTUBHHUX €JIEMEHTIB. 3a
OI[IHKAMHU €KCIIEPTIB EHEePreTHYHW TOTeHIliad Termia Ha TIMOuHI
10000 metpie B 50000 pa3iB Oinmble, HiXX yCiX CBITOBHX 3amaciB HaQTH i
rasy.

l'eoTepMainbHi enekTpocTaHil MOKYTh 3a0€3M1€UNTH BEJINUKY KUlb-
KICTh €JIEKTpOEHepTil, 3 OararbMa nepeBaramMu. [ eoTepmaibHa eHepris ay-
ke "dncra", TOMy 1110 BUKOPHCTOBYE TEIUIO 1 Mapy, sSKi 3HAXOATHCS B 3€M-
7, s BUpOOHHWITBA eJeKTpoeHepril. Hemae HISKMX IMIKINIMBUX BUKUMIB
ra3y abo BHCOKOTO DPiBHS BYIJICIIO; IIi IEKTPOCTAHIII He BUKIMKAIOTH 3a-
OpynHeHHs moBiTps. Lle mKeperno eHeprili MOHOBIIOBAHE i HE 3aJIC)KUTH Bil
KUTBKOCTI BUKOTIHUX BUJIIB NJIMBa 200 IOCTavyaHb i3 3apyODKHUX KpaiH.

Cxema po0OOTH reoTepMalbHOI €JIEKTPOCTAaHLIl IOCUTh IMPOCTA.
Bopma, uepes crerianbHO poOypeHi OTBOPH, 3aKadyeThCs TIIMOOKO i 3eM-
JI10, B Ti MIapH 3€MHOI KOPH, SKi TPUPOJHAM YHHOM JIOCHTH CHIIBHO HArpiri.
[Ipocouyrouncek B TPIMUHY i MOPOKHUHU Tapsd0ro TPaHiTy, BOJa HarpiBa-
€TBCS, X J0 YTBOPEHHS BOJSHOI MapH, 1 3 iHIIOI, TapajeabHOl CBEpAIOBH-
Hi MiZIHIMAETHCS HAroOpy, ¢ KOHAeHCYyeThes. [licns 1poro rapsiua BoJa Haf-
XOJUTH O€3MOCepeTHhO Ha €JIEKTPOCTAaHIII0, B TEIIOOOMIHHUK, 1 1i eHeprisa
MIEPETBOPIOETHCA B eNeKTpuuHy. Lle BimOyBaeThCs 3a JOMIOMOTOIO TYpOiHH
Ta TeHepaTropa, K i B 0araTboX IHIMMX THIIAX CIEKTPOCTaHIH. B iHmomy
BapiaHTi TI'€OTEPMAIBHOI EJIEKTPOCTaHIil, BUKOPUCTOBYIOTHCS IPHUPOAHI
riIpoTepMalbHI pecypcH, TOOTO BOJa, HArpirta 0 BUCOKOI TeMIeparypu B
pe3ynbTaTi IPUPOIHKX TpolieciB. OqHak 007aCTh BUKOPUCTAHHS MO JI0OHUX
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pecypciB 3HaYHO 00MEKEHA HASIBHICTIO CIEI[IaIbHUX 'COJIOTIYHUX PAHOHIB.

B nanwit gac icHye TpH cxeMH BHPOOHHIITBA €IEKTPOCHEPTii 3 BU-
KOPUCTaHHSM T€0TePMaIbHUX pPecypciB: 1) mpsima 3 BUKOPUCTAHHSAM CyXO-
ro mapa; 2) HempsiMa 3 BUKOPHUCTAHHSM BOJSHOI mMapy; 3) 3MillaHa cxema
BUPOOHUIITBA (OIHAPHUH IIMKJI).

Haii6iib11 nepcrieKTHBHUM BBAXKAETHCS OIHAPHUI IIMKJI, 0 BUKO-
PHCTOBYE MPUPOIY T€OTEPMaNbHY BOLY. BUTbIIICTh reoTepManbHUX paiio-
HIB MICTSTh Boay noMipHux Temneparyp (Hmwkue 200°C). Ha enexrpocran-
1isIX 3 OIHAPHUM LIUKIIOM 15l BOJa BUKOPHUCTOBYETHCS JJIsl OTPUMAHHS €JIeK-
TpuuHOi eHeprii. ['apsda reoTepManbHi BoAa i apyra, ITOJAaTKOBA piluWHA 3
HIDKYOI0, HDK Y BOJHM, TOYKOIO KHUITIHHS MPOITYCKAIOTHCS 4Yepe3 TerIo00-
MiHHUK. Tero reorepMalbHOI BOJM BUIIAPOBYE JPYry piIuHY, MapH SKOi
NPUBOJATH B Jit0 TypOiHH. OCKUIBKY 1€ 3aMKHYTa CHCT€Ma, BUKUIU B atT-
Moc¢epy MpakTU4HO BiACyTHI. Boau momipHOT TeMmeparypu € HaiOuLIbIn
MOIIMPEHUM TEOTEPMAIBLHIUM PECYpPCOM, TOMY OUIBIIICTh TeOTEPMATBLHUX
€JIeKTPOCTaHIIH MaOYTHHOTO MPAIIOBATIMYTH Ha IIbOMY TIPHHIIUTII.

l'onoBHMME TTepeBaramMmu reoTepMaIbHOI €HEprii €:

- TPaKTUYHO MMOBHA Oe3IeKa /ISl HABKOJIUIIHBOTO CEPEOBUILA;

- eKOHOMIYHa e(eKTUBHICTh y KUIbKa pa3iB NepeBepIIye TPaauLiiHi
BUJU OTPUMAHHS elleKTpoeHepril, a Takox i iHmm Buau HBJE (uerpaau-
IiifHI 1 BITHOBJIIOBaHI JKepena eHeprii);

- il mpaKTHYHA HEBUYCPITHICTH;

- TIOBHA HE3AIEXKHICTh y poOOTi Bil yMOB HaBKOJHMIIHHOTO CEPEIO-
BUIIIA, Yacy 100H i pOKy;

- koeoiuieHT BUKOpUcTaHHs nepeuiiye 90%;

Tum camMuM, BUKOPUCTAHHS T€OTEPMABHOI €Heprii BHOCUTH iCTO-
THUH BHECOK Yy BUPIIIICHHSI HACTYITHUX HEBIAKIIAJIHUX TpolieM: a) 3abe3me-
YEeHHS CTaJIOTO EJIEKTPOIIOCTAYaHHs HACENICHHS B TUX paliOHaX /e LeHTpa-
Ji30BaHe SHEProIloCcTayaHHs BiICYTHIH a00 OOXOIMTBCS 3aHAATO JIOPOTO;
0) 3a0e3neuyeHHs rapaHTOBAHOTO MIHIMyMY €HEprorocTayaHHs HacelCHHS
B 30HAX HECTIMKOrO I[CHTPAIi30BAHOIO €HEProMOCTaYaHHs depes AeQiluT
eJIeKTPOCHEPTii B eHeprocucreMax, 3amobiranHs 30WTKY Bil aBapiiHUX i
00MeXyBaTbHUX BIIKIIIOUEHB; B) 3HIDKCHHS IIKIIJTUBUX BUKUIIB Bi €HEp-
TOYCTaHOBOK B PErioHax 3i CKJIAHOIO €KOJIOTIYHOI 00CTaHO BKOIO.

3a3HaveHl nepeBard Ta OIHIOBAHWI MOTEHIIAN MPHU3BOIATH JIO
TOTr0, 10 TeoTepMalbHa CHEPreTHKA, HE3BAKAIOUM Ha CBOIO MOJIOIICTH (Y
Hei Bcboro 100-pigna icTopis), pO3BUBAETHCS 3apa3 y BCbOMY CBITI.
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COUBUYECKUE NTPUHIUIIBI CO3JAHUA

3D U3OBPAKEHUM
HauuoHanbHbIl mexHuveckul yHugepcumem « X[ »
Cm. U.B. Jllenem
Pyk.: doy. U.B. CuHenbHuk, uHXx. C.M. Konybaeea

Co3nanue TpexXMEepHBIX PEATUCTHUHBIX M300paKEHUN SIBIISIETCS BaX-
HOW 3aJa4yell B pa3iIM4HbIX chepax 4enoBeUecKoil NesTeIbHOCTH — MOJCIH-
POBaHHM, CUMYISIIIMU, N300pa3UTEIBHOM HCKYCCTBE, BHICTABOYHON U MY-
3eHHOH NesITeNbHOCTH, KHHOMHYCTpHH, 00pa3oBaTenbHOil chepe n chepe
pasBiieueHnii. CylecTByeT HECKOJIBKO HallpaBJIEHUH co3maHus n3o0paxe-
HUH TPEXMEPHBIX OOBEKTOB — KaK PEaJIbHO CYIIECTBYIOIINX, TaK U BOOOpa-
KaCMBbIX.

T'onorpadus — cioco6 co3gaHus MaKCHMAJILHO TOYHBIX U PEaIMCTHY-
HBIX M300pakeHUH, OCHOBAaHHBIN Ha SBJICHUAX MHTEPPEPCHINU U AuppaK-
AN,

Kommnetorepnass 3D-rpaguka ocHOBaHa Ha 3aKOHOMEpPHOCTSIX 3pH-
TCJIIBHOT'O BOCIIPUATUA W OINTUYCCKUX WIUIIO3UAX, CO3Jar0lIuXx 3(1)(1)6KT
TPEXMEPHOCTH JIsl TUIOCKOTO HM300pakeHHs 3a CYET BapbHpPOBaHHS €ro
XapaKTEePUCTHK — I[BETA, Pa3Mepa, B3aMMHOTO PACHOI0KEHHUS JIEMEHTOB.

OcobOeHHOCTH OMHOKYIISIPHOTO 3pSHHS YeJIOBEKa MCIONB3YIoTCs B 3D-
KnHeMaTorpade M BHUPTyanbHOW peanbHOCTH. [ co3manms sddekra
TPEXMEPHOCTH HCIIOJIB3YIOTCS ClieNUaNIbHbIE OYKH. [IpOeKIus co31aHHOTO
KOMITBIOTEPOM  CIICL[HAJIBHOTO HM300pa)KeHUs] Ha HCKPUBJICHHYIO TOBEPX-
HOCTh TIO3BOJISIET JOCTUTATh dPQeKTa TPEXMEPHOCTH 0€3 HCIOIb30BaHUS
OYKOB.

OnmauM n3 Hambosee MEepCHeKTUBHBIX HalpaBIeHUH SBISIETCS TpeX-
MepHas MPOEKIHs M300paKeHUs IPSMO B BO3MYyX, KOTOpas IPEJICTABIISET
co0OH OAMH M3 HOBEHIINX BHJOB NPOCHUPOBAHUS BUACO M M300paKEeHHH.
B ocHOBe TEXHOJIOTHH JISKUT CO3JJaHUE B BO3JyXEe HEBUAMMOI'O JKpaHa Ha
OCHOBE MEIKOIUCIIEPCHON Cpelbl, HampuMep, TyMaHa, WIN TEHEPaIis
IUTa3MBl B BO3JyXE Ja3€pHBIM JIydOM ITyTeM HOHHW3anuu. M3oOpaxenue
IpoenupyeTcss Ha 3KpaH WM (HOPMHUPYETCS HENOCPEICTBEHHO B BO3JYII-
HOM cpeje.

OOnacTp MPUMEHEHHsI ITOTO METOJa MPOCUUPOBAHUS M300paKeHUI
OUYCHb IIMPOKA — OMOBEIICHNE B IKCTPEMAIIbHBIX CUTYALUsIX, 00pa30BaHMUE,
MIPOEKTUPOBAHNE, TPE3EHTALNH, Pa3BICUECHHS U IIOY.
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MHKOJA IMUATPOBUY NNJIBbYUKOB — BUJTATHUM
BUEHUI, BAHAXITHUK IPUCTPOIO 115

BE3JIPOTOBOI TEJIETPA®II
HauioHanbHul mexHidHul yHieepcumem «X[1l» 1
Xapkiecbkul HayioHanbHUl yHieepcumem im. B.H. Kapa:,'iHa2

Cm.: €.0. Pu6ankina', B.B. BoHdapes"
Kep.: npogp. B.M. Moiida®, dou. I'.I. Konay",
cm. eukn. 0.5. Anma3oea '

VY Hamie chOTOJIEHHS MOBEPTAIOTHCSA IMEHAa HE3aCTYy)KEHO 3a0yThHX
BUEHHUX, SKi 32 4aciB CBOTO XHUTTS OylH IIMPOKOBIIOMHMH B HayKOBHX
KoJlaX, 00 3poOMIIM BaroMuii BHECOK Y PO3BHTOK CBITOBOT Hayku. /1o HHX
HanexuTh 1 Mukona JimutpoBud [InnbunkoB — reHianbHul (i3UK, OCHOBO-
MIOJIOXKHHK pajioKkepyBaHHS Ta QoToraabBaHorpadii, OIMH 3 NepLINX
JIOCTITHAUKIB BIACTUBOCTEH PEHTTEHIBCHKUX IPOMEHIB, paJlOaKTHBHOCTI,
JOCTITHUK TEOMAarHeTH3My, METEOpOJIOTii, ONTHKH, PO3POOHHWK OpHTiHA-
JBLHUX TPHUCTPOIB A1 O6e3ApoToBOi Tenerpadii, B TOpOOKYy SKOTO JECSITKH
BIZIKPUTTIB Ta BHHAXOJIB CBITOBOTO 3HA4YCHHS. be3 mepeOuIbLICHHS — IIe
ykpaincbkuii Exnicon.

M./, IInnbuukoB Haponuses 21 tpasHs 1857 p. B micti [onrasi B
ciM'1 poroBuTHX IBOpsH. barbko Mukomu — ykpaiHChKHiT TPOMaJICBKUHA Ta
KyIbTYpHUH Iis4, BUKIaAad ictopii 1 moxituaHoi ekoHOMIi [lonTtaBchKkOTO
KageTchkoro Kopmycy — Jmutpo Iunpumkos. Maru - Jlroqmuna Kamitoni-
BHA, POJIOM i3 30iHLIOI TBOPSHCHKOT POJMHM — MOMEpJia, KOJIH CHHY HE
MUHYJIO ¥ POKY.

Jo doTMpHaausATH pOKiB MHKOJIa BHXOBYBaBCs BJoMa. baTbko
CaMOBIVIaHO Ta 3 HaJ3BUYAIHOIO JIFO00B’I0 BUXOBYBAB CBOTO €IMHOTO CH-
Ha:TiepeayciM HaBYaB MOBaM (3roJloM MUKOJIa OBOJIOMIB CIMOMa MOBaMH).
[onmanemy oceity ITmmsunkoB mouaB 3mo0yBaTtu 3 1871 p. B [lonraBchkiit
YOJIOBIYi KJIACHMYHIN TiMHa3ii, Je BiOpi3HMBCS TAJTAHOBHTICTIO 1O HAaYK,
0COOJIMBO 10 (PI3MKH Ta MATEMATHKH.

BerynuBmm B 1876 p. mo XapkiBcbkoro yHiBepcuteTy Mukosa
00paB (i3uko-MaTeMa-THYHUIA (DaKyIbTET.

HayxoBi nocnipkeHHs moyaB y cTyAeHTChKi poku. Ha npyromy xy-
pci CTyAEHT BWHAWIIOB €NEeKTpH4YHMH (oHaBTOrpad — mpwiag il BU-
BYEHHSI 3BYKOBHMX KOJHMBaHb rpadigaum criocodom. Ile OyB mepiiuii BUHa-
Xi1 MaiiOyTHBOrO TAJIAHOBMTOI'O BUEHOTO. BiH BHIlepeauB Ha KiUIbKa IecCs-
THpIY 3apyODLKHUX TOCTIAHUKIB, cepex HuX i camoro Emicona, donorpad
SKOro OyB MEXaHIYHUM 1 BHHaiineHnM nizHie, y 1877 p. Ilicns 3aBepiuen-
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Hg HaBuaHHs, B 1880 p., [ImabunkoB OyB 3alUIIEHUI IIPH YHIBEPCHUTETL
"IUIS IPUrOTYBaHHA 10 IPodecopchkoro 3BaHHA". Y IIbOMY K pOI BUXO-
JUTh HOTO CTAaTTs, IPUCBAUECHA PePPaKTOMETPY - IPHIIALY ATl BU3SHAUCHHS
MMOKa3HWKA 3aJIOMJICHHS CBITJIa B PIMHI Ta METOIUIII ONITUYHOTO aHalizy. Y
1882 p. Mukona IIniapYMKOB IEeMOHCTPYE Hepel] WieHaMu (Bi3UKO-XIMIYHOT
CeKIIil aBTOMaTUYHUI PEryIISTOP EIEKTPHYHOTO CTPYMY.

VY 1883-1884 p.p. Monoauii BueHHH Oepe yqacTb B €KCIEANILi, 0
nocmimxye Kypebky marnitHy anomaito. [IpoBiBmu 71 cepito criocrepe-
JKeHb, BiH 3HAWMIOB ii HOBI pallOHM i OMHWUM 3 TMEPIINX 3a3HAYUB TE, IO
MIpUYMHA aHOMAJTIT - TIOKJIAIX 3ali3HAKY. 3a IIi TOCTiPKeHHS BiH OyB Haro-
pomxennii Bemukoro CpibHOO Memauto Pociiicbkoro reorpagiyHoro To-
BapuctBa. B 1885 p. M./l. IlunpunkoBa mpuU3HAYalOTh MPHUBAT-IOIEHTOM
XapkiBcbkoro yHiBepcutery. Uepes pik y IlerepOyp3pkomy yHiBepcHTETi
BiH 3aXWCTHB JAuCEpTalilo Ha TeMy "Marepuaisl K BOIPOCaM O MECTHBIX
aHOMAJIMX 36MHOT'O MarHeTu3Ma' i oZiep:kaB 3BaHHS Marictpa (pi3ukw.

YV 1888 p. marictpa M.JI. [TmnpunkoBa Bimpsmkatots no Ilapu-
xa. [lim wac craxyBanHs B [lapusbpkiii MarHiTHIH oOcepBaTopii, BUCHHI
3HAXOJUTh 1 BUIPABIIAE TIOMUIIKM B KOHCTpYKLiil ceficMorpada. M. Tlnnb-
YHKOB IMPOXOJUTh CTa)XXYBaHHS B JIaDOPaTOPiLAX MPOBITHHMX (DI3UKIB TOTO
qacy: I'. Jlinnmana A. Kopsro, H. Mackapa.

VY 1888 p., y TpaBHi, Monoauii BueHHH oTrpuMmaB i3 [lerepOypra
IUITOM Marictpa Qisukd 1 pisngHO1 reorpadii, a B dKOBTHI IILOTO X POKY
ftoro obpanu gificanM @wieHoM Pocilickkoro reorpagpiyHOro TOBapHCTBA.

YV 1889 p. IInapunkoB MOBEpHYBCS A0 XapKoBa, Ae CTaB Ipode-
copoMm yHiBepcuTeTy. TyT BiH 3/ifCHIOE JOCTI/PKECHHS 3 MOJISIPU3aIlii CBITIa
Ta METEOPOJIOTii, CTBOPIOE HOBI MpmiIaan (IHKIIHATOP, OAHOHUTKOBUHN Ceii-
cMmorpad), mpoIoBKYe HoCHiKeHHs ABUI Kypchkoi MarHiTHOT aHOMAJTil.

V 1894 poui BYeHHH 3anuiiac XapkKiB 1 IIEBHHH 4ac IIpalioe B
Oneci B HoBopociiicekomy yHiBepcuTeTl (HuHI OaechbKHi HariOHaIBLHHI
VHIBEpCUTET IM. MEUYHHMKOBA), Ha MOCaal eKCTpaopAuHapHoro mpodecopa,
3aMIHMBIIM Ha LIl mocaai BugaTHoro ¢Gisuka-reopeTuka Mukoiry YMosa.

VYV 1896 p. mi3HABIIKCH PO BIAKPUTTS X-MPOMEHIB Y. PeHTreHOM,
[TubuMKOB 3alliKaBUTHCS UM SIBHILIEM Ta 3HAKMIIOB, SK CKOPOTUTH TPHBa-
JICTh €KCIO3HUII 10 2-X CeKyH: - 1ie Oyia HaKOpOTIIa eKCIIO3UIIIs Y CBITI.

Y mpomy x pomi M. ITinp4rkoB MyOJiKye HOTOBIIh PO HAYKOBE
BIIKpPUTTS: HA OCHOBI BUKOPHCTaHHS ONTHKO-TallbBaHIu-HOTO CIIOCOOY I0-
CIHKEHHsI eTIEKTPOIi3y - (GiKCyBaHHS 300pakKeHHsI MIPEIMETIB IIJIIXOM Ha-
pOLIYBaHHS peibedy Ha METaNCBHX IUIacThHaX. lle sBuIe ydeHUH Ha-
3BaB (hororanbBaHorpadieto adbo enekrpodoTorpadyBaHHIM.

[pamtoroun B Oxeci Muxosna JIMUTpOBHY MPOBOIHB HEPIIIi eKCIIe-
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PHUMEHTH 3 paaioyIpaBIiHHs Ha Bijcrani. BiH Hamarascs 3HalTH BiIIIOBIIbL
Ha TaKe MUTaHHS: "SKMM YHHOM OE3pOTOBY IEepeaady eNeKTPHUUHOI eHepril
BIIOKPEMHTH BiA MepTypOallifi, 3amofiSHUX EIeKTPUYHUMH  XBHIIS-
mu". [HITUMH CIIOBaMH, BIiH pO3pOO0IISIB Ipuiaa, SKAi (GiIETpye pamgioXBHIL,
IO JOXOIATHh 0 HHOIO, 1 Ja€ JOCTYI IO IIF0YOro MEXaHI3MYy TUIBKH THM
CHTHAJaM, SKI BiIIIPaBUB BJIACHUK mpuiaany. [IMIbYHKOB BIIEpIIE CTBOPHUB
npujiaj 3JaTHUH HAacTPOIOBATHCS HAa INEBHY XBHIIO. KapauHalIbHMM BIIK-
putTsam mpodecopa M. [unpunkoBa CiTif BBaKaTH BHHAWICHUI HUM IIPO-
TEKTOp, IO 3aXHuIllae MpUIagd — TeiaeoH, Masku, cemahopu, rapMaru,
MIHH BiJ il Ha HUX €JIEKTPUYHUX XBUIb CTOPOHHLOI'O MOXOIKEHHS.

Ille oaHi€Er0 HAYKOBO-TEXHIYHOIO IIPOOJIEMOIO, PO3B’SI3aHHS SKOI
M. IIMIBYUKOBHAM IIPHU3BEIO A0 HAHBHAATHIIOIO BIAKPUTTS B rairysi Gi3u-
KH pamio3B’s3Ky — BHHAHIEHHS CIOCO0y KEpyBaHHS PI3HHUMHU MeXaHi3Ma-
MH ¥ npucTposmu 1o pamio. M. ITuabunkoB myOIigyHO IPOAEMOHCTPYBAB
me 5 ksitaa 1898 p. Ile OyB nmeHb 3apojpKEHHs pajioTeneMexadikk. Ha
’Kajib, MEPIIICTh Y Hili cripasi npunucyethest Hikom Teci, skuii moaaB 3as-
BKY Ha IATEHTYBAHHS pagiokepoBaHoro cyaHa 1 numus 1898 p., a nmyOmiuHo
MIPOJIEMOHCTPYBAB BUHAXIT Y BEPECHI IIBOTO K POKY.

Ha mouarky 1902 p. Muxoaa nmosepuyBcs 3 Oxecu 1o Xapkosa 1
craB npodecopoM HENABHO 3aCHOBAHOTO XapKIBCHKOTO TEXHOJOTIYHOI'O
iHcTuTyTy. Pi3dnyHa 1abopaTopis mix KepiBHUIITBOM mpodecopa IIumpuu-
KOBa CTaja HaiOUILLI OCHAIIEHOI0 Cepel] HaBYaIbHUX 3aKjIaiB TOrO 4acy.
BiH cTBOpPHMB MOJENb PaZiOKePOBAHOTO MPOTUMIHHOTO 3aXHCTy KOPAOIiB,
00J1alHaB METEOCTAHIIII0 IHCTUTYTY, BCTAHOBUBIIKM aBTOMATHYHUNA IMOKAXK-
YUK €JIEKTPUYHMX aTMOC(HEPHHUX PO3PSIAiB, CTBOPHUB Iepiny B PocCiliChbKii
iMIIepii mepecyBHY paaioCTaHIlIO, 3MOHTOBaHY Ha aBTOMOOLTI, OpraHizyBas
BUJAHHS IHCTHTYTChKOTro >kypHany "M3Bectnss XapbKOBCKOTO TE€XHOJIOTH-
YECKOTO HMHCTUTYyTA" i CTaB HWOr0 TOJOBHHUM DPEIAKTOPOM. Y pe3yiabTaTi
MOIIYKOBUX AOCTIIKeHb Y (hisnunoMy kabineti HTY «XIIl», 6ynu BusiBie-
Hi, BiipecTaBpoBaHi Ta BUIIPOOYBaHI JesKi IprIagu 1js 0e31pOoTOBOI Tele-
rpadii, SKUMH KOPHUCTYBaBCsI BUEHUH.

Hapicmane y 1904 p. O.C. IlomoBum M.JI. [Tnipun-KOBy peiie
Exena Jlrokpere, sike TOM CIIEI[IAIbHO CKOHCTPYIOBAB I IIPHKAMAaIbHOI
craHilii 0e3mpoToBoi Tenerpadii cucremu Ilomosa-JlfokpeTe, HEIIOIaBHO
Oy/I0 BUIAAKOBO 3HaiiJieHE B IMiACOOHOMY MPUMIIIEHH]I BEIMKOI JEKIIHHOT
ayautopii ¢isnunoro kopmycy HTY «XIII» mix yac ii miaroToBKu A0 Karli-
TaJbHOTO PEMOHTY.

Pene 3 meroro 30epexxeHHs Oya0 MOMIIIEHE MpaliBHUKAMHA (Pi3yd-
HOTO KaOIHETY B IiZpoi30JbOBaHMI MaKyHOK 1 HAAIMHO 3aXOBaHE B ITOTAEM-
Hiif Himi. Bynma nmpoBenena pecraBparis, peryaioBaHHs 1 BUIpoOyBaHHS il
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bOr0 Ipuiaaay. Beranosieno, mo peine oKpeTe mi€ 3a MPUHIIUIOM elleK-
TPOBUMIPIOBAILHOTO MPHUJIaay MarHiTOEIeKTPHYHOT cucTeMu. Jocmiau mo-
Kas3ajy, 10 BOHO € YK€ UYTIMBUM. 3aBISIKH BUKOPHCTAHHIO TAKOI'O peie
y mpuiiManeHiii cranmii cucremu Ilomosa-Jlroxkpere 3paska 1904 p., Baa-
JIOCh CYTT€BO IJABMIIUTH HAIBHICTH CTIMKOTO MPHHOMY Aelenr 0e31poTo-
Boi Tenerpadii. Cranmismu 0Oe3xporoBoi Tenerpadii cucremu Ilomosa-
Jlrokpere Oynu ocHaiieHi kopabiai YopaoMmopcebkoi 1 banTificekoi eckaapu
Ta yacTMHA KopabiiB THX0OKeaHCHKUX e€cKamp, siki Opamu ydacth y Pociii-
cbko-Smoncekiit Bifini 1904 — 1905 p.p. Taka k ickpoBa paioCTaHIlsS y
1904 p. Oyna po3MillieHa Ha IOCTIMHIA ocHOBI Ha Elienesiil Bexi, 110, y
IIEBHII MIpi, BpATYBAJO 1i BiJ| JEMOHTAXKY.

Pene IIunpunkoBa, KOHCTPYKILS SKOTO IO ChOTOJHI Ie HE Oyia
Bimoma (axiBIsIM, OyJI0 BHSABJIECHO B KOJIEKLIT mpriagiB (Hi3MYHOr0 KabIHETY
HTY «XIIl». Caig 3aBOaunTH, 110 L€ YyTIHMBE peie, po3podiene [unpun-
KOBHMM, BIPOTIIHO MOTJO BHKOPHCTOBYBATHUCH HE TUIBKU [JIS TOTO, MO0
aBTOMATHYHO BiJHOB/IIOBATH BHXIIHI PE3MCTHBHI XapaKTEPUCTHKU KOrepe-
pa 3aBISKH yaapy IO Horo TpyOlil MOJIOTOYKOM EJIEKTPHYHOrO J3BOHHKA,
BBIMKHEHOTO IIUM peEJie, Ta 3[IHCHIOBATH BBIMKHEHHS TelerpahHoro amapa-
Ta JItokpeTre Ajs 3aIlKCy Ha MalepoBy CTPIUKY TelerpadHuX JACHel, ajae U i
SIK TIPUCTPIH, 110 MIr OyTH CKJIaI0BOIO YaCTHHOIO «mpoTekropay [lunpum-
KOBa. 3MIHIOIOYH JOBKHHY HACAIOK SIKOPS pejie, KUK € CBOEPIAHUM (i3u-
YHUM MAasTHUKOM, MOKHa OyJI0 3MIHIOBATH HOTO MOMEHT iHepIii i, 3Ha-
YUTh, IUIECIIPSIMOBAHO 3aJaBaTd a00 3MIHIOBATH IiepioJ (4acToTy) HOro
KOJINBaHb.

Buennii npoBoaMB I'PYHTOBHI JOCIIHKEHHS 3 PaaiOaKTHBHOCTI, B
1901 p. manucas crarTio «Paguii ¥ ero Jydmy, MPaIioBaB y rajysi KpioreH-
HOI i3uku. MpisB 1Ipo CTBOPEHHS (DI3MYHOT'O IHCTUTYTY, HAIIKCAB MiAPYyY-
HHUK 117 Ha3Boi0 «Kypc ¢isuku» B 1902 p., mocaimKkysas y AJDKUPI OJISApH-
3ariro arMocdepH Mg yac cousunoro 3aremuenus 1904 p.. M. ITuipunkos
TpariuHo 3arudys 19 tpasus 1908 p. JJuBHI 00CTaBUHU HOr0 CMEPTI TaK i
He Oyiu 3’scoBaHi. Ha cMepTh BUEHOIO BIAT'YKHYIIMCEH BCI TOJIIIHI POCIHCE-
Ki (isnuHi )XypHaIH. B 01HOMY 3 HEKPOJIOTIB TOBOPHIIOCE: «...31 CMEPTIO
M.JI. IInnpynKoBa BYEHUH CBIT BTPATHB Iy)K€ BEIHMKY HAYKOBY CHIy». Ta-
JIAHOBUTHI BHUHAXIIHUK yKpaiHenp Muxkona IIninp4ukoB OyB 3HUIIEHHH 1
3a0yTuii HaBiTh ¥ ceOe Ha baTekiBuinHi. JloHeIaBHA MM IPAKTHYHO HE 3Ha-
JIH TIPO OCHOBOIIOJIOXKHHKA Paiio-TeeKepyBaHHS Ta elekTpodoTorpadii,
JIIOAWHYM JUBOBIKHOTO 00JapyBaHHS, YUEHOI'O 3 HA[A3BUYANHUM TaIAHTOM,
nocmigauka — M. /1. [TnapunrkoBa.
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FOPI1 KOHJIPATIOK — TEHIAJIBHUAM BUHAXITHUK

I TEOPETUK KOCMOCY
HauioHnansHut mexHiyHul yHisepcumem «X[I11»
Cm. O. Nop6eHko
Kep.: douy. C.[. FanoyeHko, dou. C.C. Tka4eHKO

IOpiit KoHapaTiok — reHiaJbHUNA BHUHAXITHUK 1
TEOPETHK KOCMOCY, OJWH i3 OCHOBOIIOJIO)KHHKIB KOC-
MOHABTHKH, SKAN TPUBAINHN Yac 3aInmaBcs 3a0yTHM Ha
BatpkiBuiuHi, 3aTe OyB BUCOKO NOLIIHOBAHHUH JAJIEKO 32
1l MEXKaMH.

Hapoauscs y IMontasi mix im’ssm Onexcanmap ['Ha-

' toBuu Illapreii. 3a miHier0 MaTepi MOXOAUB 3 TaBHHOTO
e/ 5 l HIMETbKO-IIBEICHKOT0 ABOPSHCEKOTO poxay lllminmen-
PN 6axiB. 3i cpiOHOIO MenamTio 3akiHunB [pyry I[lonraBce-
Ky 40JIOBI4y riMHa3ito. Y 1916 p. BctynuB Ha MexaHiuHe BimiiteHHs [let-
POTpaJICHKOTO MOJIITEXHIYHOTO IHCTHTYTY, aje HEBJIOB31 HOT0 MOOLII3yBaIN
I0 1apchkoi apwii. ByB odimepom 1apcekoi, a 3rogom — bimol
apwmii. [lesepTupyBaB, 3MIiHUB iM’s, CIPaBXKHIA HOCIH IBHOTO iMeHI momep
1921 p., nokymentu nomepisioro Konapatioka Illapreto gonomornia oTpu-
Maru ioro mauyxa. B Toii jke yac mounHae BUBUYEHHS 3aBJlaHb KOCMOHAB-
THKA Ta OCHOBHHX IOTCHIIHUX CHOCOOIB MaHIPyBaTH 3a Mexi 3eMli.
CBoto po0oTy BiH mpoBaauB He3zajexkHO Binm KoctsHtuHa 1lionkoBChKOTO.
VY mpargx “Tum, xT0 O6yne unrary, mob Oymysatu” (1919) i “3aBoroBanHs
MDKIDIaHEeTHHX TpocTopiB” (1929) BUBIB OCHOBHE PIBHAHHS IMOJBOTY paKe-
TH, PO3TIISIHYB CHEPIeTUYHO HAWBHTIMHIIII TPAEKTOPIl KOCMIYHUX MOJBOTIB.
[Mepmum chopmyioBaB Teopito 6AaraToCTYIIEHEBHX pakeT, 3alpoNOHyBaB
BUKOPHUCTOBYBATH JUIsl PAKETHOTO MaJIMBa AESKI METaJIM 1 HEMETaIu Ta iXHi
BOJIHEBI CIOJIyKU. PO3risiHyB mpoOiieMu CTBOPEHHS MPOMDKHHX MDKIUIa-
HeTHUX 0a3, i7IeF0 BUKOPUCTAHHS TPaBITAIHHOTO TOJISI HEOSCHHUX TLT IS
BHpimieHHs mux mpobimem. Ha Teopermunomy piBai Korgpatrok-Ilapreit
BIlepIIe OOIPyHTYBAaB EKOHOMIYHY JNOLUIBHICTD BEPTUKAJIBHOTO 3JIETy pa-
KET, TaIbMYBaHHSI Y BEPXHIX LIapax arMoc(epH, BUKOPUCTAHHS COHSIYHOI
eHeprii KOCMIYHUMH arapaTramu, popaxyBaB Tpacy Jjs pakeTd Ha Micsipb.
Ocrannst po3poOka Oyma Bukopuctana B CHIA mim wac 3amycky «Micil
Anommony». @®akT [HOTO BU3HAHO OYNIO KEepiBHUKAMH MPOTpaMH Ta
miaTBepDKeHo y xypHaii Life. OxauH 3 KepiBHUKIB aMepHKaHCHKOI KOCMIY-
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HOT mporpamu “Anosuton” [xon Xyoont nucas: “Konu s1... i3 3aBMUpaH-
HSM cepIis CTeXKUB Ha Muci KeHHexi 3a cTapToM pakeTw, 10 Hecia Kopa-
Oermp “AmnosutoH” 'y HampsAMKYy MicsIs, s IyMaB y Ied 9ac mpo yKpaiHIsa
IOpis Konpgparioka, sikuit 50 pokiB ToMy po3poOHB Ty camy Tpacy, KOO
HAJIeXKAJIO JICTITH HAIIMM acTpOHaBTaM.”

Ta na BarpKiBUIMHI 0JISI BUJATHOTO BYEHOTO CKJIAJIACS TParivuHo.
Y 1930 p. iioro 3aapemTyBanu 3a caabcu(iKOBAaHUM 3BHHYBAYCHHAM Yy
IKiTHUOTBI. B mepion yB’si3HEHHS] BUKOHAB €CKI3HUI MPOEKT IJIsT KOHKYPCY
BITPOGHEPTETHKH, SKUH TIepelaB «HA BOJIIO», NPOEKTOM 3alliKaBHBCS
TONIIIHIA HapKoM Bakkoi npomucioBocti Cepro OpmxoHikinze — i Kon-
npatioka-Illapres micis 3ycTpiui i3 HAPKOMOM 3BUIBHHIU 3 TIOpMH. [licis
3BUIbHEHHS NPAIIOBAB HaJ MPOCKTAMH BITPSHUX €ICKTpocTaHilii. ¥ 1932—
1933 pp B HoBocubipceKy mpamioBaB HaJ MPOEKTOM MOTYXHOI KpuMchKko1
BiTpOeNeKTpocTaHIil. HacTymmHOTO pOoKy MpO0BKUB ITF0 poOOTYy B XapKOBi.
[TpoekT nependaydas BiTPOEIEKTPOCTAHIIIO IIOTYKHICTIO B 12 THC KinoBar, y
TOH 4Yac sK 3apyObKHI aHAJIOTH OOMEXYBaIKCS COTHEI. Maia Oyt moOy-
JIOBaHa BIiTpOBa IIOTJa 3aBBUIIKK B 165 meTpiB. BirpoBa enexTpocTaHIist
nmoOynoBaHa He Oyrna, ane po3poOKH BHHAXITHUKA JIATIA B OCHOBY ITOOYI0-
B OctaHKiHCBKOT TeneBexi. Lo poboty mepepsana Jlpyra cBiToBa BiifHa.
Opnpazy mnicnst Hanaxy Himewunnn Ha Papsaepkuit Coros, HOpiit Konnpatrokx
3amucaBcsl JOOPOBOJIBLEM y HapoaHe omnoimdeHHs. CIy)KHB PsIIOBUM Telle-
¢doHicTOM, a MOTIM NOMIYHMKOM KOMaHAMpa B3BOjAy Ha PesepBHOMY i
3axinHoMy (hpoHTax. 3a OJHIEIO 3 Bepcii, 3aruHyB y 0010 3 xoBTHs 1941 p.
3a apyroto — 3aruHyB 23 abo 25 mrotoro 1942 p. Ha TepuTopii OproBchKOi
abo Kamy3pkoi obnacTeld. 3a TpeTbOI0 — HNOTPANMB Y IOJIOH, IPALIOBAB Yy
KoHcTpykTOopa Bepnepa ¢on bpayna Hax po3poOkoro mepmioi B CBITi
OamicTuuHOT pakeTu ganekoi aii “@ay-2” i 3aTHHYB y HIMEI[bKOMY KOHIITa-
Oopi. 3a ueTBepTOIO — MEPEXKMUB BiiiHY 1 ToMep, 3a0yTuii ycima, 1952 poky.
Vkpaincekuit BuHaximauk HOpiit [apreii-KongpaTiok 30BCiM Tpoxu He
JIO’KUB J0 TIOYaTKy KOCMIYHOI epH JIFOJCTBA, i Ha JKaJdbh HE CTaB CBIIKOM
BTUICHHS B XHTTS CBOIX JAICKOCSIKHUX iied. Aje BiH OyB cepen Tux, 06e3
KOTO JIFOJICbKa Mpisl ITPO MOJBOTH Y MIKIZIAHETHOMY IPOCTOPI 3aiuianacs
6u tinbku Mpieto. Ha 3BopoTHboMy Go1i Micsitst imenem [Opist Konaparro-
Ka HasBany Kparep. Moro iM’s mpucBoink actepoiny 3084, a 'y 2014 pori
3aHecnu a0 [anepei MbKHapoIHOT KOCMIYHOI CTIaBH Y MICTi AJTaMOTOPI0.

Oxpim imeHi B 3ami CnaBu kocmoHaBTHKH B CIHIA, iM’s HOpis
Konnpatioka HOCUTH My3eii aBiarii Ta kocMoHaBTHKH Yy [lonTasi.
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ITPU3PAK IENIEPA: UICTOPUYECKHIA OBMAH
N COBPEMEHHAS NJIJIIO3US
HauyuoHanbHbIl mexHuyeckuli yHugepcumem
«XapbKoBCKUU MOAUMexHU4YecKul UHCmumyms»
Cm.: M. BopoHuyoea, N. KanawHuk
Pyk. cm.np. K.A. MuHakoea

Hayka npomnuia myth OT KaMepbl-OOCKYpBI JI0 «TOJOrPaMM»», Kak
3aBJieKanu 3puTesiell momyasipu3aropsl Haykn XIX Beka, Kak TEXHOJIOTHH
M0 CO3JIAHUIO IIPU3PAKOB» MPOJABAIM TeaTpaM, a TAKKe KaK OpPraHu30-
BaTh COOCTBEHHBIN «CIMPUTHYECKUI CEAHC» C TIOMOMIBIO KOPOOOK OT KOM-
MIaKT-AMCKOB WM IPOYHOTO IUIACTHKA IJIs JaMUHAIMKM U cMapTdoHa — 00
3TOM M OyZeT Hallla CTaThs.

[epBbie onucanus nogoOHOro 3¢ dexra BOCXoaAT K paboTaM HTa-
mestHIia X VI Beka xambartucter gemna [lopra, m3o0OperaTens oaHOHN U3
Mo duKamii kKamepbl-00ckypbl. B ero pabore «HartypanbHast mMarusi» oH
pacckasblBaeT, Kak C IOMOIIBIO OTPaKEHUSI B CTEKJIE CO3/1aTh PEAINCTUY-
HYI0 WUIIO3UIO HaJW4yMsi 0ObeKTa B IyCTOM TeMHOW KomHare. st 3TOoTo
HEOOXO0AMMO CcJieNlaTh OKOIIKO B KaMepe, a HallpOTHB HEro 1o3aau Hadlro-
JiaTelist IOMECTUTh Kakoi-HUOyab mpeaMeT. CBeT, MpoXoJisi CKBO3b 3TO OT-
BepcTHe, OyleT co3JaBaTh IEpPEeBEpPHYTOE M300pakeHHEe — 10 TOMY JKe
NPUHIKIY, [I0 KOTOPOMY OHO IIOJIy4aeTcsi Ha Halled CceTdaTKe, TOJIBKO
OKOUIKOM CIY)KHUT 3padyoK, a JIMH30H — Xpycranuk. Kcratu, 3To ¢X0JICcTBO
neiuta [Topra Toxe moaMeTHiI.

[Tono6HbIE ycTpoiicTBa MIMPOKO HUCIIOIB30BAIN XYT0KHUKH SMOXU
Bospoxaenus, 4ToObl 0OBOANTH CHPOECHUPOBAHHBIE H300paXKECHUS JUIS
CBOMX KapTHH. ACTPOHOMBI )K€ OLIEHWJIM M300peTeHrne Kak crnocol Hadlro-
JICHUS 32 COJTHEYHBIMHU 3aTMEHHSIMHU.

B 1860-om, onun m3obOperarens nmo umenu ['enpu Jupkc (Henry
Dircks) ckoHCTpynpoBai 6oJiee CTapyro MTAIBSIHCKYIO ONTHYECKYIO MILTIO-
3110, KOTOpas MCIOJb30Baja BHU3yaJbHbIE S(PQEKTHI, YIpaBisieMble NpPU
MOMOIIHM CBeTa U cTekna. ['enpu Ha3Ban ee Jupkcuarnckou @anmacmazopu-
et (Dircksian Phantasmagoria). 1ot poKyc Tak HHKOT/Ia U HE MPUOOpEI
MOMYJISIPHOCTH, MTOCKOJIBKY OBLT CJIMIIKOM CIIOXHBIM U IOPOTOCTOSIINM, JIa
U K TOMY e TPEeOYIOLIMM IOJIHOW MEPEeCcTpOHKH TeaTpOB IS BHEAPECHUS
9TOM WIUIFO3UU.

JlrobombITHAS BRIIYMKA TaK U mpormaia Obl OECCleIHO, eClTU Obl HE
nonanack Ha masa Jxony llenmepy, nomapuslieMy € HOBYIO >KHM3Hb.
Jlxon Ilermmep (John H. Pepper), koTopelii unTai B 3TO BpeMs JEKIUH B
Koponesckom [Monurexuunyeckom uHCcTHTYTE B JIOHIOHE, pUayman Oosee
MpocToi cmoco® peanmm3anuu uaed Jupkca B CYIIECTBYIOIIMX TeaTpax,
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UCIIOJIB3Ys IIPU 3TOM TOJBKO JHCT cTekina. OH MOHsI, KaKk MOAU(PHINpPO-
BaTh M300peTeHne, 4ToObl €ro MOXKHO OBIIO JIETKO MOKa3aTh B Tearpe. Pe-
3yIbTaTOM 3TUX YCHJIMI BCKOpE cTana MOAr0TOBKA MOCTAaHOBKU «Oaepiku-
MbIH, unu Crenka ¢ mpu3pakoMm» 1o nociueaHeil u3 «PokIecTBEHCKUX Mo-
Becrei» UYapnb3a Jlukkenca. Ycmex ObUT OTJIymIMTENbHBIM. [1O0CKONBKY
nMeHHo Ilenmep momynspu3MpoBan WUIIO3MIO, OHA CTajla HOCUTh Ha3Ba-
Hue IIpuspak Ilennepa. llennep Hauan noka3bIBaTh WIUIKO3UIO, Pa3be3iKas
1o tearpaM AHIJIMHM U ABCTpaJIMM, HEM3MEHHO YIUBIi myOsuky. OpmHa
MecTHas rasera Jaxe coooOlana, yTo u3BecTHbIN (uink Maiikn Papanei,
rocie MpocMOTpa WILI03MH, pasbickai Ilenmnepa u norpeboBan oObscHe-
HUi pokyca.

OpuruHanpHas ontudeckas wnmosus [Ipuspak Ilenmepa mpenmo-
JlaraeT pasMelleHHEe II0J] YIJIOM OOJBIIOTO KycKa CTEKIa MEXAy SpKO
OCBEI[EHHON ‘“‘CIIEHHYecKOil” KOMHATOW, B KOTOPOH 3pHUTEIH CMOTPAT
npsiMo mepen coboif u ckpeIToif koMHaTOW. CTEKJIO YaCTMYHO OTpa)aer
IIPOUCXOALIEE B CKPBITOM KOMHATE, COXPAHIEMON B TEMHOTE U COJEpKa-
meit “npuspadnyro” ciieny. Korja cBeT B CKpbITO KOMHATE cierka yCHIIu-
BaeTCs JJIS OCBEILEHUS CIICHBI, CBET B CIICHHYECKON KOMHATe CJerka TyCK-
HEeT, U “‘CKPBITOE” BUACHUE MPOSIBIIACTCS MEpe] 3pUTEISIMU.

I100x00 2eomempuueckoit onmuxu.

Ilpuzpak  Ilem-
nepa MOXHO OOBSICHUTH B
paMKax IeOMETPUYECKOH
onTuku. [[ns Hawama ot-
METHM, YTO CTEKJIO HWIIH
Mpo3payHasl IUICHKa, HC-
MoJb3yeMasi B HIUIIO3UU
[Tpuspaka Ilennepa, ume-
€T WHOM IoKa3arejb Ipe-
JIOMJICHUSI, Y€M OKpYyXKa-
IOIUMHA  €ro BO31yX; TO
€cTb, CBET B ABYX Cpeaax
pacmpocTpaHseTcst ¢ pas-
JMYHOHN cKOpocThio. Korma cBeT mocTuraet rpaHumbl paszena MEXIy ABY-
M MaTepHaliaMy C Pa3IMYHBIMU MOKA3aTENSIMH MPEJOMIICHHUS, YacTh CBE-
Ta, KaK MPaBHUJIO0, OTPAXKACTCS, & OCTABIIASCS YACTh MPEIOMILIETCS, M TPO-
XOAUT BO BTOPYIO CpPEIy MO HEKOTOPBHIM YIJIOM, OTJIIMYHBIM OT NEPBOHA-
YaIbHOTO HANpaBICHMS pacrnpocTpaHeHus. KoJIMYecTBO OTpaXEHHOTO U
MIPEJIOMIICHHOTO CBETa PETYIHPYETCsI COOTHOIIEHUAMU DpeHeNns U 3aBUCHT
OT yIJIa MAACHHS ¥ TOJIAPHU3ALUY TTaJA0IIEro CBETa, a TAKkKe MOKa3aTeNeH
MIPEJIOMJICHHUS COCEICTBYIOINX MAaTEPHAIOB.
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PaccmoTpuM cxemy, UCHOIb3YyEMYIO Ul KIACCHUECKOW HILTIO3UU
IIpuspaka Ilenmepa, cOCTOAILIYI0 U3 CLEHBI, JOMOJHUTEIBHOM KOMHATHI
BHE MpPSIMOM BUAUMOCTHU 3pUTENEH U CTEKJISHHOW CTEHBI, PaclooXKeHHON
IOJ] YIJIOM (IMaroHanbHO) MEXy ayauToprel u o0enMu koMHaramu. CBet
OT OCBEIICHHOM CLEHbI IPENIOMIIIETCS, MPOXOAs 4Yepe3 CTEKIHHYIO Ia-
Hellb. 3PUTEIM MOTYT BHIETh CLIEHY, HO HE CTEeKJIO, TaK KakK OyITO OHU
CMOTPST TOJBKO CTAaHAAPTHYIO CLEHHUYECKYyl0 MocTaHoBKy. Korma cmer B
OOKOBOW KOMHATe BKJIFOYAETCs, CBET PACHPOCTpaHseTCs OT “mpu3paka’” K
cTekiy. YacTb cBeTa OTpa)kaeTcsl CTEKJIOM U MONajaeT B ayauTopuro. Tou-
Ia BUAUT JIydd CBeTa, “HIPUXOIIIUe” U OT HOPMAlbHON CLEHBI, U OT
CKpBITO# KOMHAThI. TakuMm 00pa3oM, CKpBITOE H300paXKeHHE TIPOCIIUPYETCSI
MOJTYIIPO3PAYHBIM, WIIN “TIPU3PAYHBIM”, CIOCOOOM.

Puc. 2. Ha cxeme, n300paxeHHOH cieBa,
YacTh MaJA0IIUX JIydeld OT OCBEIIEHHOMN
CIICHBI, ITPEJIOMJISICTCS CTEKJIOM B HaIlpaBiie-
HUM 3pUTEIIEH, a 4acTh MaaloIIKX JydeH,

5 MPHUXOIAIIUX U3 CKPBITON KOMHATBI, OTpaKa-
gog < = eTcd oT cTekna. M300paxeHus B JByX KOMHa-
003 i g Tax BMECTE, HAKJIAABIBAsACh APYT Ha Apyra,

Y JIOCTUIar0T ayJUTOPUH, CO3/1aBast HIUIFO3UIO

IIpuszpaxka Ilennepa.

Coenambw ceoii coocmeennwtii npoexmop Ilpuspaka Ilennepa.

CeronHsi OpraHHW30BaTh «CIUPUTHYECKUH ceaHcy» ¢ «lIpu3pakom
[Nenmepa» moxeT Kaxkaprid. [y 3TOro mOHAmZOOWTCS HEMHOTO BPEMEHH,
9TOOBI ClleNIaTh COOCTBEHHOE ClieruansHoe Buaeo it 3D romorpamm mmm
HAiTH M CKavaTh CIENMaIbHOE BHACO Ha Tele(OH (U1 5TOTO HAZ0 BBECTH
B mouck «3D-royorpapudeckoe BUmEO», HanmpumMep, Ha YouTube) u pac-
MOJIOKUTE OTPENETICHHBIM 00pa3oM cMapThoH M YCCUEHHYIO IMHPaMHULY,
CKJICEHHYIO M3 YETHIPEX TPAICIEBUIHBIX KYCOUKOB U3 KOPOOOK s KOM-
MAKT-IUCKOB WIIH JPYroro Mpo3pavHoro IiacTuka wid miéHkd. [loctaBere
Ballly YCEUEHHYIO MMHUPaMHUIY BBEpX HOTAMH Ha KpaH, BHIKIIOYHTE CBET —
M HacJIaXaauTech!

1.Tekla S. Perry. Digital Actors Go Beyond the Uncanny Valley // IEEE Spectrum.
— 2014.

2. Pepper's Ghost" Illusion. GhostTheory.com (12 October 2009)

3. Secord J. A. Quick and Magical Shaper of Science. Science. American Association
for the Advancement of Science

4. 51.1. Tlepensman «3Haete i BB pu3uky?» «Tesucy, Ex., 1994 r.

5.51.1. Ilepensman «3anumatensHas Qusuka» (kaura 1 u 2) «Tesucy, Exatepun-
Oypr, 1994 1.

6. H.M. I'omxues Onrtrka M., «Beiciias mkona», 1977 r.
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YI'PO3A DOHEPTETUYECKOI'O KPU3UCA

1 BO3MOJKHBIE ITYTU ET'O IPEOJOJIEHUSA
HauuoHanbHbIl mexHuveckul yHugepcumem « X[ »
Cm. B.B. Natikosu4
Pyk. dou. J1.I". lMempeHko

YenoBeyecTBO 3aBUCUT OT CO3/aHHUS U HCIOJIb30BaHMUSA UCTOYHU-
KOB HEPI'HH, TaK KaK IMPOU3BOANMAs UMH paboTa BO MHOTO Pa3 MPEBOCXO-
JIUT MYCKYJIBbHYIO CHIy 4YeJIOBEKa M >KHBOTHBIX. JIMIIEHNE SHEPreTHIECKUX
pecypcoB BeIET K MaJCHUI0 MaTepHalIbHOTO OnarococtostHus. IIpobmema
YeJOBEYECTBA COCTOUT B MNOJYYEHHH, PEe0oOpa3oBaHUM M KOHCEPBHPOBa-
HuM »Hepruu. du3nukoi yCTAaHOBJIEH 3aKOH COXPAaHEHMs U IpPEBpallleHUs
SHEepruu B mpupojae. Bo Bcex sBIEHUAX, MPOUCXOAAIINX B IPUPOE, SHEP-
I'us He BO3HMKAeT U He ucye3aeT. OHa TOJIBKO MEPEXOMUT U3 OJHOTO BHIA
B JIPYTOii, IpH 3TOM 00IIee ee 3HAYCHHE COXpaHIeTCs. DHEprus JoObIBaeT-
Csl U3 IPUPOTHBIX PECYPCOB: TOpd, yroib, HE(Th, Ta3. 3amaceHHass B HUX
XUMHYECKasi SHEpPrusl HakaliMBajach Teicsun jier. Ho B Onmkaiimme ne-
CSITKHM JIET OHU OyIyT UcCYeplaHbl, IOTpeOIeHHe SHEPI UK OTPAHUYHUTCS, YTO
MPUBEIECT K CHIDKCHHUIO YPOBHS MAaTEpUAIBHOTO OJIATOCOCTOSHHS YelIOBe-
gectBa. [losTOMy sHEpreTHueckas npobiema ects mpoodmema Nel.

['maBHOW MPUYNHON BO3HUKHOBEHUS TI00ATBHON SHEPTeTHIECKOM
poOIeMBl ClIeyeT CUMTaTh OBICTPBIM POCT MOTPEOJICHUS] MUHEPAIHLHOTO
tormuBa B XX-XXI| B.B. Co CTOpPOHBI IPEATI0KEHUS OH BBI3BaH OTKPBITHEM
W 9KCIUTyaTaleil OrpOMHBIX He(TEra3oBbIX MECTOPOIKICHUI, a CO CTOPO-
HBI CIpOCa - YBEIMUCHUEM aBTOMOOMIIBHOTO MapKa U POCTOM 00beMa Mpo-
M3BOJICTBA MOJMMEPHBIX MarepuanoB [1]. HapammBanue 1o0srdu TOILIHB-
HO-3HEPIeTHYECKUX PECYPCOB IOBIICKIIO 332 CO0OIl cephe3HOe yXyuIeHHE
9KOJIOTMYECKOH CHTYyallMu (paclivpeHHe OTKPBITON JOOBIUH IMOJIE3HBIX HC-
KOTIaeMbIX, 100bIYa Ha mienbde u ap.). A pocT cmpoca Ha 3TH PECYPCHI
YCHJIMII KOHKYPEHIIMIO KaK CTpaH - AKCIIOPTEPOB TOIUIMBHBIX PECYPCOB 3a
JydIIne YCIOBHS MPOAAXKH, TaK M MEXIY CTpaHAMHU-MMIIOPTEPAMH 3a JI0-
CTYyII K PHEPreTHYECKHM pecypcaM. Ha 3Toi OCHOBE MOIydaeT MMITYJIbC
WHTEHCHUBHBIN ITyTh PEIICHHs SHEPreTUYECKOH MPOOIEeMBbl, 3aKIFOYarOLTHH-
csl, TIPeXJIe BCEr0 B YBEJIMYEHHUU MPOU3BOJACTBA MPOAYKLUU HA EAUHUILY
9Hepro3arpar. JHepreTuueckuii kpusuc 70-X IT. YCKOpUJ pa3BUTHE H
BHEJIPEHHE 3HEProcOeperaromux TEXHOJIOTHH, MPUAAI UMITYIbC CTPYKTYp-
HOW TMepecTpoiike SKOHOMHUKH. OJTH MeEpbl, HauboJiee IOCIe0BATEIbHO
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IMPOBOJUMBIC PA3BUTBIMU CTpaHaMH, MO3BOJUJIN 3HAYUTCIIBHO CMATYUTH
MOCTIEICTBUS SHEPTeTHIECKOTO Kpru3nca. B COBpEMEHHBIX YCIOBHAX TOHHA
cOepeKEHHOTO B pe3ylibTaTe cOeperaronx Mep SHEPTOHOCUTEIS 00XOIHT-
csi B 3-4 pasa jiemeBie, 4eM TOHHA JOTOJIHUTEIBHO 100BITOr0. 3T0 00CTO-
ATCJIBCTBO SABUJIOCH JI1 MHOTUX CTPaH MOIIHBIM CTUMYJIOM MOBBIIICHUS
3¢ GEKTUBHOCTH HCIOJIb30BAHHUS JHEPrOHOCHUTENCH. 3a MOCICAHION YeT-
BepTh XX B. 3HEeproemkocth xo3siictBa CIIA camsmnace BaBoe, a ['epma-
HUU — B 2,5 pa3za. BaxxHeiM pe3epBOM MOBHIIICHUS 3(PPEeKTHBHOCTH HC-
MOJTE30BAaHUS SHEPTHU SBIIACTCS COBEPIICHCTBOBAHWE TEXHOJOTHUYCCKHX
nporeccoB (GYHKIMOHUPOBAHHMS amnapaToB u obopynoBanus. HecmoTps Ha
TO YTO OTO HAIIPaBJICHUC ABJISICTCA BECbMa KallUTAJIOCMKUM, TEM HC MCHCC
9TW 3arpaThl B 2-3 pa3a MEHbIIE PacXoJ0B, HEOOXOAWMBIX ISl SKBHBaA-
JICHTHOTO TIOBBIMIEHH TOOBIYH (IIPOM3BOACTBA) TOIUTHBA W SHeprun. Oc-
HOBHBIE YCHIIUS B 3TOH cepe HampaBIeHBl Ha COBEPIICHCTBOBAHUE JIBUTA-
TeJIEH ¥ BCEro mporecca MCIOJIb30BaHUS TOIUIMBA. DHEPreTHYEeCKU KpH-
3MC CIIOCOOCTBOBAJI MOBBIIEHUIO HHTEPECA K HOBBIM BHJAaM 3HEPropecyp-
COB, KOTOPBIC IMOJTYYHUIIN HA3BAHUEC HETPATUIIMOHHBIX WU aJIbTCPHATUBHBIX
[2]. Jons ux B cTpyKType MHPOBOTO MOTpeOICHHs TIEPBUYHBIX SHEPrope-
CypcoB 3aMeTHO pacTeT. K HeTpaJAWIIMOHHBIM HCTOYHUKAM SHEPTHH OTHO-
cat sHepruto CoNHIIA, BeTpa, MPHINBOB, MOPCKHUX BOJH, TEOTEPMAIBHYIO U
TepMOsIepHYyI0 3Hepruio. OcoOble HaJaek bl BO3JIAraloT Ha BOJOPOJ, TaK
KaKk OH fBJsIeTCsl HamboJsiee MEPCIEKTHBHBIM 3HeproHocureneM. OnHako
€ro MPOMBIIIICHHOE TOJydeHne 0O0XOAUTCS MoKa odeHb moporo [3]. B
HACTOSIIEee BpeMsI HAMETHIINCh IYTH PEIICHUS SHEPTeTHYECKUX poOIeM B
JIBYyX HAIPaBJICHUSIX: BO-TICPBHIX, B MANFHEHINIEM YBEIHMUCHUH 3aIIaCOB M-
HEepaJbHOTO TOIUIMBA M CHIPhS, BOBJICYEHHH B JKCILIyaTanuio Oosee Oen-
HBIX pYZ, OCBOCHUHU TPYAHOJOCTYIHBIX OacceiHOB (Tak Kak pa3BelaHHbIE
3amacel cefvac pacTyT ObIcTpee, 4eM J00bIua); BO-BTOPHIX, B pecypcoche-
pexeHuH - B 6osee paroHAIFHOM M SKOHOMHOM HCIIOJIB30BAaHUN YHEPTO-
HOCHUTENEH B TPOMBIIIJICHHOCTH, Ha TPAHCIOPTEe, B KOMMYHAIBHO-
OBITOBOM CEKTOpE B 3HAUMTEIbHOH Mepe, Oiaronaps rnepecTpoiike TEXHO-
JIOTHYECKUX TPOLIECCOB.

[1] Dmeprermueckast mnpobmema u myrn e€ pemenus. https://www.grandars
[ru/student /mupoBasi-okoHOMHEKa/3HepreTHyeckas-nipodnema.html.; [2] Kucenesa 51.B. Duepro-
PECYPChI: AJIbTEPHATUBHBIE UCTOYHUKU U 3Hepr0<:66pera}0mue TEXHOJIOTHH. HpO6J’IeMLI " pe-
mrenust. https://www.rae.ru/forum2012/277/1808.; [3] Hosocénos C.B. Bo3MOXHOCTH HCIONB-

30BaHMs Bojopoga B KadectBe TommBa i JIBC. https://www.elib.altstu.ru/elib/
books/Files/va2000_2/pages/14/14.htm.
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COBPEMEHHBIE ITPOBJIEMBI OKCIIVIYATAIIUU

JABUI ATEJIEV BHYTPEHHEI'O CTOPAHUS
HauuoHanbHbIl mexHuveckul yHugepcumem « X[ »
Cm. J1.A. Cyxoeoli
Pyk. dou. J1.I". lMempeHko

OueBHHO, YTO NMBUTATENb BHyTpeHHero cropanus ([IBC) Hemo-
CTaTOYHO 3KOHOMHUYEH U uMeeT Heblcokuit KITJ[. DTo 3acTaBnseT yueHbBIX
WCKaTh aJbTEPHATUBHI — B YaCTHOCTH, CO3JAaBAaTh JOCTYITHBIA AIIEKTpUYe-
CKHUI WM BOAOPOJHBIM TpaHcmopT. OnHAKO, B MOCIEIHEe BpeMs MOSBU-
nack uH(MOpPMAILUS O TOM, YTO CO3/aHbI MO-HACTOsIIEMY S(PQEKTHBHbIC
koHctpykiuu JIBC [1,2]. 3a cuer yero 3To OCYIIECTBISIETCS U YTO MEIIAeT
MPUMEHATH TaKHE TEXHOJIOTUHM Ha MPaKTUKE YKe ceituac? /[Burarens BHYT-
peHHEro cropaHusi 0e3 MpPEyBEeIWUYCHHS pPACKPYTHI MOTOpP HAy4YHO-
TEXHUYECKOTO Tporpecca. ABTOMOOWIEHBIA TPAHCIIOPT SBIISETCS BaKHEH-
UM CPEJICTBOM NepeBO3KU maccakupoB U rpy3oB. B CIIA ceroans Ha
1000 gemomex mpuxommurcs mnoutu 800 aBTOMOOWiel. [lomaBisromee
OonbIIMHCTBO M3 OoJiee MIJUIMAapAa aBTOMOOMIICH Ha IUTaHETe BCe eIe
ucnone3ytot ABC, uzobperennsiii B XIX Beke [3]. HecmoTpst Ha Bce Tex-
HOJIOTHYECKHE YXHUIIPEHUS U «YMHYIO» JIIEKTPOHUKY, KOdpPHIIMEHT Io-
JIE3HOTO JCHCTBYSI COBPEMEHHBIX OCH3WHOBBIX JIBUTATEIICH BCE €Ie HEBe-
muk - okono 30%. Cambie sxoHOMHuHbIe auzenbHble JIBC umeror KIT
50%, TO ecTh Jaxke OHM IOJOBHHY TOIUIMBA BHIOPACHIBAIOT B BHJIE BPEIHBIX
BemecTB B arMocdepy (coBpeMeHHBIE aBTOMOOWIM cxuraror no 10-20
nuTpoB roprouero Ha 100 kM mytu). He ynuBuTensHO, 94TO ydeHBIE IO BCe-
My MHpPY TBITaOTCA CO3JaTh TOCTYITHBIC 3JEKTPHUECKHE M BOJOPOIHBIC
aBTo. Onnako u koHuenuus JABC He ucuepnana noTeHIal MOASPHU3AIUI
- Onarogapst MOCICIHUM TOCTHIKCHUSAM B O0JIACTH JJICKTPOHUKH M HOBBIX
MaTepHaJIOB, TOSBUIACH BO3MOXXHOCTH CO3JaTh IO-HACTOAMIEMY 3PQex-
tuBHbI J[BC. Umxkenepsr komnanun EcoMotors International TBopuecku
nepepaborand KOHCTpyKImio Tpaauiuonsoro JIBC [4]. Ou coxpanun
MOPIITHA, IIATYHBI, KOJICHBAI M MAaxXOBHK, OJHAKO OCOOCHHOCTH HOBOI
KOHCTpyKIusu nBurarens nossimatoT ero KIIJ Ha 15-20%, xpome Toro
JIBUTATENIb HAMHOTO JIeTYe W JelIeBie B mpousBoacTBe. OH MoxeT pabo-
TaTh HA HECKOJNBKUX BHJAX TOIUINBA, BKIIOYas OCH3WH, OHU3EIb W ATAHOIL
JloOGHTBCS 3TOTO YAAIOCH C TIOMOIIBIO HCIOJIb30BaHMS CIICIIMAIBHON OIIIO-
3UTHON KOHCTPYKLMH IBUTATENA, B KOTOPOH Kamepy CropaHHs 00pa3yroT
JIBA MOJIYJISI TIO 4 TIOPIITHSI, IBUTAOIINECS HABCTpEUy APYT Ipyry. JBurare-
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JIeM TOJTHOCTBIO YHPABIIAET IEKTPOHMKA, Onaromaps 4eMy M yAajaoch J0-
6utscs Beicokoro KII/l m MuaMManbHOTO pacxoja TorumBa. Hampumep, B
MpoOKe U OPYrux cioydasX, KOr/a IOJIHas MOLIHOCTh ABUraTells HE HY)KHa,
paboTaeT TOIBKO OJIMH MOJYIIb U3 ABYX, YTO YyMEHBIIIAET PacXo]l TOIUIMBA U
myM. Takke MOTOp OCHAIEH YIPABISIEMBIM JJIEKTPOHHKOH TypOOKOM-
MIPECCOPOM, KOTOPHIN yTHIN3UPYET SHEPTUIO BBIXJIONHBIX I'a30B U BbIpaba-
TBIBAET 3JIEKTPO3Hepruo. B nenom asurarens EcoMotors umeer anerant-
HYIO MPOCTYI0 KOHCTPYKIUIO, B KOTOpoi Ha 50% MeHblle JeTanei, ueM B
o0bruHOM MoTOpe. bosee Toro, uznenue EcoMotors nerko maciradbupyet-
Csl: IOCTaTOYHO 00aBUTh HECKOJIBKO MOAYJCH W ABHUTATENb MAIOJIUTPaXK-
KU IpeBpallaeTcs B MOTOpP MOINHOTIO Ipy3oBHKa. B Hacrosiee Bpems
6onbplIOE BHUMAHHUE YZENSACTCS MEPCIEKTUBE BHEIPEHHS B MPOHM3BOJCTBO
JBC Ttexunomorun HCCI (Homogeneous Charge Compression Ignition),
MO3BOJISIFOLIEH BOCIUIAMEHSTh TOIUIMBHYIO cMech OensuHoBoro JIBC He 3a
CYEeT UCKPBI OT CBEUH 3a)KUI'AHUs, a OT BBICOKOM TEMIIEpaTyphl U JaBJICHUS,
KaK B JM3ENBHBIX JBUTATENAX - BMECTO INPHUBBIYHOTO 3aKHTAaHMS CMECH
OKOJIO CBEYH U TOCJIEAYIOIIEro pacnpoCcTpaHeHHs IJIaMeHH Ha repuepHio
B KaMepe OJHOBPEMEHHO BO3HHKAET OIPOMHOE KOJMYECTBO MHUKPOOUYAros
Bo3ropanus. Kak crieactsue, cMech OYeHb OBICTPO CropaeT MpPaKTHYECKH
MOJIHOCTBIO TIpU 00Jiee HU3KOM, YeM OOBIYHO, TeMIlepaType. DTa TEXHOJIO-
rusi IpopadaThIBacTCsl MHKCHEPAMU Y)KE HECKOJIBKO ECSITKOB JieT [5].
IMporotunt cmioBoro arperata HCCl Obu1 mpencraBieH amMepHKaHCKOMH
¢dbupmoit GM emie B 2007 roay, HO IOTOM €ro JA0pabOTKa ObLIA MPUOCTA-
HoBineHa. CeromHs HanOOJBIINX YCIIEXOB B 3TOM HAIPaBICHWU JOCTHUIIA
Mazda, koTopast obemaer BHEAPUTH MOTOPEI HOBOTO THMa yxe B 2019 ro-
ny. IlpencraBuTenu KOHLEpHA rapaHTHPYIOT, YTO OJiarojapsi TEXHOJOTHH
HCCI nx aBTOMOOMIH cTaHyT 3KOHOMH4YHee mpumepHO Ha 30%. HoBble
MOJIENIM aBTO MOSIBIISTIOTCS KaXIbIH I'0Jl — HO MO KaKMM-TO IPUYMHAM Ha
HUX HE CTOST BBINIEONHCAHHbIE YKOHOMHUYHBIE U IPOCThIE JBUraTrein. B
T000M CITydae >KECTKHE SKOJOTHUECKHE CTAHJAPThl M AIEKTPOMOOIIIH 3a-
CTaBSAT aBTONPOM3BOMUTENICH BHEAPSTH HOBBIE TEXHOJIOTUH, FOPa3zio Oosee
BaYKHBIE JUIS 3I0POBBS JIIOJEH U BCEH IIAHETHI.

[1] M.JIeskesuu. [Ipuratens BHYTPEHHEro CropaHus: Oymyllee eCTb. WWW.nanonewsnet.ru.
[2] Nrxeneps! mokasanu ABUraTellb BHyTpeHHEro cropanus u3 Oymyumtero. https://lenta.ru /news
/2016/09/16/engine/.; [3] Ucropus co3manus ABHrartencii BHYTPEHHEro0 Cropanus — Bukwiie-
must.; https://ru.wikipedia.org/wiki/.; [4] AnbrepHatuBa mBuUraTeneil BHYTPEHHETO CrOpaHUsS -
YouTube.; https://www.youtube.com/watch?v=mmOoxqFbjHk.; [5] Texuomoruu, xoropsie
npozeBatot snoxy JIBC. https://svpressa.ru/auto/article/167068/.
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https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&ved=0ahUKEwjQzMbAru_ZAhUFDuwKHU4KDxYQtwIISTAE&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3Dmm0oxqFbjHk&authuser=2&usg=AOvVaw0FIuXCBLG-4mIeI3qW7hVd
https://www.youtube.com/watch?v=mm0oxqFbjHk
https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&ved=0ahUKEwiKhLXY8vDZAhXFFZoKHc55ChAQFghFMAU&url=http%3A%2F%2Fsvpressa.ru%2Fauto%2Farticle%2F167068%2F&authuser=2&usg=AOvVaw3rdGeISRAUGRjzEn3RTu4i
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CEPOBOJOPO/ - PEKOPJHO

BBICOKOTEMITIEPATYPHbBIN CBEPXIIPOBO/IHUK
HauuoHanbHbIl mexHuveckul yHugepcumem « X[ »
Cm. U.H. romaH
Pyk.: dou. J1.I". [lempeHko, doy. B.A. Beno3epuyeea

Y IUBUTENBHOE SIBICHHE — PE3KOE YMEHBIICHUE YIEIBHOTO JIICK-
TPOCOTIPOTUBIICHUSI PTYTH NMPAKTHUYECKH A0 HY/Is (TO4Hee 1o ~10'250M'M)
npu temneparype T=4,15K 6bu10 BriepBeie ooHapyxeno B 1911 romy ros-
nmaaackuM ¢msukoMm Xeiike Kamepnuar-OHHecoM M OBUTO HAa3BaHO CBEPX-
MIPOBOJAUMOCTHIO, A BEIIECTBA, 00JaJatoIe UM — CBEPXIIPOBOJHUKAMU.

Teopust CBEepXIpPOBOAMMOCTH ObLIa co3iaHa B 50-¢ romsr XX Beka
amepukanckumu ¢usukamu . bapmuaom, JI.Kymepom u J.Ilpudepom
(treopus BKIII). CoriacHo 3TOH TeopuH, CBEPXIPOBOJUMOCTH BO3HHMKAET
Onaronapsi 31eKTpOH-(POHOHHOMY B3aWMOJIEHCTBHIO (B3aHMMO/EHCTBUIO
AIIEKTPOHOB M KOJICOAHMH aTOMOB KPUCTAJUIMYECKOH PEmIETKH) W MOKET
OCYILECTBIIATECS NPH TemnepaTypax Hioke 28K [1].

o 1986 r.cBepxnpoBojsilee COCTOSHUE YAaBAIOCh MOIYYUTh [IPU
teMrieparypax He Bbiie 23K, ucnonb3ys xuakuil renuid. B anpene 1986 r.
B Llropuxe (IIBetinapust) corpyauuku dupmsl IBM (CILA) I'.bennopn u
K.Mroniep mnomyuusin CBEpXIPOBOAAIIEE COCTOSIHUE METalo-OKCHIHOMN
Kepamuku mpu Temmepatype 30-35K, a uytes moszxe mpu 120K [2]. Takas
TeMIepaTypa JOCTHTaeTcs C MOMOIIBIO JKHMIKOTO a30Ta, IMOJIy4aeMoro B
MPOMBIIUIEHHBIX MacmiTabax. CBepXIpoBOAUMOCTb, HalOJIrogaeMas INpH
temnepatypax Beiie 23K, HaszpiBaercs BeicokoTeMnepaTypHoit (BTCIT).

B 1993 rony 8 MI'Y xumuku E.B.Anatunos u C.H.Ilyrunun ycra-
HOBWJINM HOBBIIl peKkopA, NOJIYy4MB Ha CIOXHON MeTauloKepaMuke
(HgBa,Ca,Cu304.4) Temmeparypy cBepxmpoBosiiiero nepexona T,,=133K.
[Tox naBneHmem 3Ta Temieparypa Bo3pactana 1o 164K. CeepxmpoBoasiye
KepaMHKH (KyIpaThl) UMEIOT OOIIYI0 CTPYKTYPHYIO OCOOEHHOCTh — OTHO-
CHUTEJBHO XOPOIIO pa3eNEHHbIE MEJHO-KHCIOPOIHBIE INIOCKOCTH.

Takoro pojga CBEpXHIPOBOAMMOCTh HE OIHCBHIBACTCS SJIEKTPOH-
(OHOHHBIM B3aMMO/JICHCTBHEM. BriBHUranace rurnore3a o TOM, 4TO MPOUC-
XOZUT B3aWMOJICHCTBHE JJIEKTPOHOB U (PIIyKTyallnii MarHUTHBIX MOMEHTOB
aTOMOB.

B 2014 rony xuTaiickue yuéHble Bo riaBe ¢ npodeccopoM SIHMUH
Ma, nzyqas cepoBogopox (H,S) mox nasieHnem, npennonokuin, 4To Ipu
odeHb BBICOKOM AaBieHnH - 160 I'Tla sTOoT MaTepuan OyaeT cBepXIpoBOI-
HUKOM TpH Temmepatype SOK.

140



XVII Pezionanvrna naykosa cmyoenmcoka KoHgepenyis
AKTYAJIbHI [IPOBJIEMH DI3UKH TA IX IHOOPMAIIIHHE 34AFE3IIEYEHHA

Hpyrast rpynmna kutaiickux ya€ueix — edan Hdyan u Tesu Lyn
YCTaHOBMJIA, YTO TIPH BBICOKOM MJaBJICHHH CEPOBOJIOPOJ CTAHOBUTCS He-

CTaOMJIBHBIM M pacriajaercsi ¢ oOpa3oBaHueM Jpyroro BemecrBa HsS un
cepol. Coennnenue HzS He BIHChIBaeTCS B TPAIUIIMOHHBIC PAMKH XUMHHU,
HO TIPH BBICOKOM [IaBIICHUU OKa3bIBACTCSl CTAOMJIBHBIM. YUE€HBIC MPEIno-
noxuM, uro npu temmeparype 200K oHO 10HKHO 00s1a1aTh CBEPXIIPOBO-
JIMMOCTBIO, Oiarojapst 3JeKTpOH-(OHOHHOMY B3aMMOJCHCTBHIO (Teopus
BKII) [3]. B 2014 romy ¢usukd u3 XHUMHYECKOTO HHCTUTYTa
nM.M.IInanka (I'epmanus) mox pykoBoacTBoM Anekcaniapa J[posznosa u
Muxaunna Epemiia ocyiecTBIIN SKCIIEPUMEHT, [IPEBPATUB CyIb(UI BOIO-
pona H,S B cBepxnpoBoguuk H3S mox maBmenwem 100 muH armocdep
(100T'TIa) mpu Temneparype T,=203K(-70°C) [4]. Do mocTixKeHue cTano
pasButuem skcnepumenta 2013 roga, B KoTopom TKD:l90K(-83OC).

Takmm oOpazom, OBLT ycTaHOBIICH HOBBIM MupoBoid pexopa BTCII
- T,,=203K npu P=10%Ta na COBEpIIEHHO HOBOM MaTepuajie — «3ampe-
MIEHHOM) KJIACCUYECKUMH TIpaBUIaMU XUMHUH. W 4TO elé oYeHb BaXKHO -
CBEPXIPOBOMMOCTh 3TOr0 MaTepuaia 00ycIOBICHA MEKTPOH-(DOHOHHBIM
B3aumojeiictBreM. CyIIecTByeT ¢ CepOBOJOPOAOM OJIHA TPYAHOCTh: Tpe-
Bpamenne HpS B H3S, KOTOPBIH 1 ABISETCS] CBEPXIIPOBOJHUKOM, MIPOUCKO-
JUAT JTUIIb [IPY [TOBBIIICHHOM JaBJICHHH, J]a HE IPOCTO MOBBINICHHOM, a JI0
100 mua atMocdep. Takoe gaBieHue TpedyeTcs A TOTO, YTOOBI MPUAATH
BEI[ECTBAM-CBEPXIIPOBOJHUKAM JJOCTATOUHYIO TBEPIOCTh, TAKYIO XK€, KaK Y
METaIOB. DTO JENaeT MPAKTUIeCKOe MPUMEHEHUE CEPOBOIOPOIa Topas3io
MeHee yA0OHBIM, YeM TpPHUMEHEHHUE JIPYTHX CBEPXIPOBOJIHUKOB, KOTOPHIE
TpebyeTcs Topasfio CuibHEee OXJIaKAaTh. B HacTosee Bpemsi KHTaiickue
y4€HbIe pa3pabaThIBAIOT METO/(bl MOBBIIICHUS] TEMIIEPATyPhl CBEPXIIPOBO-
JUIILEro Tepexo/a MyTéM BBEACHHS B CEPOBOAOPO] HEOOJBIIOrO KOJIHYe-
crBa (pochopa (mpumepuo 7,5% aToMOB cephbl HY)KHO 3aMEHHMTH aTOMaMM
tdochopa). Ilpm 3TOM KpHTHYECKas TeMmIleparypa OYIeT IOCTHUTaTh
T.»=280K (+7°C) [3].

Takum oOpasom, (hu3MKaM yIanoch eule Ha miar IpUOIU3NUTHCS K
CBEPXMPOBOJIMMOCTH IIPH KOMHATHOW _TeMmrmepaTrype, Kotopas obemiaer
MPOM3BECTH HACTOSIIHUI MPOPBIB B TEXHUKE — HAIPHMEP, CBEPXCKOPOCT-
HBIC TI0€3/1a, JICTAIINE HAJl PEITbCAMH C TIOMOIIBIO MOIIIHBIX MarHUTOB.

[1] Cagenses U.B. Kypc obueit ¢pusuku. Tom 3. 2007, 320c.; [2] IBM ormeuaer 25-
JIETHE OTKPBITHS BBICOKOTEMIIEpATypHO# cBepxmpoBoaumoctd. IBM Press Room - LIIOPUX,
Igeiitapust, 18 ampernst 2011 r.; https://www-03.ibm.com/press/ru /ru/pressrelease/36304.wss.;
[3] Llycrukoe B. OTkpbiTHE PEKOPAHO BHICOKOTEMIIEPATYPHOro CBepXIpoBonuka. 14.06.2017.
https://www.youtube.com/watch?v=LFcGG1_Zz4E.; [4] Adrian Cho. Stinky hydrogen sulfide
smashes superconductivity record. Science, aug, 2015.
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IMOYEMY Y IIOE3JA KOJIECHBIE ITAPH?
XapbKoscKuli HauUuoHanbHUl azpapHbIl yHU8epcumem
um B.B. [loky4aesa
Cm. []. Maxpo
Pyk. npocp. C.C. AeomuH

IIpn nBWXeHMH aBTOMOOWIS Ha TOBOPOTE HapyXHbIE (OTHOCH-
TEJIFHO IIEHTpa MOBOPOTA) M BHYTPEHHHE KOJIECA MPOXOAAT IyTH Pa3HOU
JUIMHBI M JIOJDKHBI BPaIaThCsl ¢ PasHBIMU cKopocTsimMu. K BemymmM koe-
caM KpyTSIIMH MOMEHT (IIPOM3BElCHNE CHIIBI TSI Ha pajuyc Kolieca) M,

nepenaérest OT IVIAaBHOW Mepefady, HO €CIM COSAMHHUTH MX OOIIMM BajoM,
OHHM OyIyT MPOCKAIB3bIBATH OTHOCUTEIFHO JOPOTH HA TIOBOPOTE.

Jns pacnpeneneHus KpyTSIIETO MOMEHTa MEXIY BEAyIINMH KO-
JjecaMH, KOTOPHIM OH II03BOJISIET BpalIaThCs C Pa3HBIMH CKOPOCTSMH
IpeJHa3HaueH Juggepenvyuan.

Y HOJIHONPHBOAHBIX aBTOMOOWIIEH OH HaXOJHTCS MEXY BEXYIIUMH
ocsimu. Jluddepeniman (puc. 1) cocrout u3 Kopmyca 1, mecrepEH-caTeIuToB
2, momyoceBbIx IrectepéH 3 u 4. IlomyoceBble IIECTEPHN COEAMHEHBI IOJY-
ocsmu 5 m 6 ¢ BegymmMu Konécamu. Juddepeniman — miaHeTapHBIH MeXa-
HH3M, Y KOTOPOTO BEAYIIMM 3BEHOM SIBIISIETCS KOPITYC (BOMIMIIO), @ BEIOMBIMU
— TIOJIyOCEBble KOHMYECKHME miecTepHU. [Ipn npsMOIMHEHHOM ABMKEHUH
JIeBO€ M IPaBOE KOJIECO BPAILAIOTCS C OAWHAKOBOH YIVIOBOH CKOPOCTHIO

a),l = a)n = a)K, a CaTTCIUTBI HC COBEPIIAOT OTHOCUTEIIbHOTO ABUKCHU .

[Ipu moBopoTE, HANIPUMED, HAJIEBO B PE3Y/ILTATE OTHOCHTEIHLHOTO
BpAIlleHUs] CATEJUIUTOB MPaBOE KOJECO aBTOMOOWIS Bpalmaercs ObicTpee
kopryca auddepenimana, a geBoe memiacHHee. OIHAKO CyMMa YIIIOBBIX
CKOPOCTEH BEOyIIMX KOJEC aBTOMOOWIISI HEM3MECHHA M paBHA YIBOCHHOM

YIJIOBOH CKOpOCTH Kopryca nuddepeHnnana 0+, = wa' Ipu ocra-
HOBKE OJIHOTO M3 BEIYIIMX KOJEC BTOPOE BpAallaeTcsi B JjBa pa3a ObicTpee
(a)1 =0; w, = wa ). Pacmpenenenme kpymsawux MmomeHmod TOPOBHY

MEXIy JICBBIM M MHPaBBIM KOJIECAMH OOECHEUMBACT XOPOIUIYIO YIpaBIIse-
MOCTb M YCTOHYMBOCTH aBTOMOOWJIS MPH ABMXXCHUH IO JJOPOTaM C TBEP-
JIBIM HOKPBITUEM U OTHOCUTENILHO MalbIM COPOTHBIICHUEM.
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OpHako cymMMa YTJIOBBIX CKOPOCTEH BEAYIIHMX KOJEC aBTOMOOMIIS
HEM3MEHHA U paBHA yABOCHHOW YTIIOBOW CKOPOCTH Kopiryca mudQepeHIn-

ana @ +o, =20,.

Kopnyc oughgpepenyuana — 1,
Hlecmepnu-camenniumor  —2
Tomy 3 1
Honyocesvie wecmepnu — 3, 4.
lloayocu -5, 6

Kapoannsiit éan

Puc.1.

HpI/I 6yKCOBaHI/II/I OJIHOT'O M3 BEAYIIHUX KOJIEC MPU HECTIOABUKHOM
aBTOMOOMIIEe BTOpOE BpaIaeTcs B IBa pasa OpIcTpee

(a)7 =0; ®, = 20, ).Pactipenenenune xpymawux MomeHmog TIOPOBHY

MEXIy JICBBIM M THPaBBIM KOJIECAMH OOECHEYMBAET XOPOIUIYIO YIpaBIIse-
MOCTh U YCTOHYMBOCTh aBTOMOOWJISI IIPU ABMXKCHUH IO JJOPOTaM C TBEP-
JIBIM TIOKPBITHEM M OTHOCHUTEIBHO MajbIM CONpOTHBIEHHEM. [ ycTpaHe-
Hust OykcoBaHus nuddepeHnnanoB Ha HEKOTOPBIX aBTOMOOWIISIX HpUMe-
HSIOT NIPUHYIUTEIBHYIO OIIOKHPOBKY, )KECTKO COEIMHSS OJHY M3 TOJIyocei
¢ xopmycoMm mupdepenmumana. [Ipu 3abmoxkupoBanHOM auddepenane
KPYTAIIMHA MOMEHT, ITOABOANMBIN K KOJIECY C JIyYIIMM CIETICHHEM, yBe-
JMYMBAETCS M 3THM co3JaeTcsi OoJbIasi cyMMapHasi cuia mszu Ha 000uX
BEYIINX KOJIecax.

ITouemy moe3na He CXOIST C PENILCOB MIPH NTOBOPOTAX BEIb UX KO-
néca COEOWHEHBI BMECTe W 00pa3yloT «mapb»? Benp BHemHHH penbe
JUITMHHEE BHYTPEHHETO W B CIIydae JBYX AOCOJIOTHO IWJIMHAPUYIECKUX KO-
nec TpeboBaIO ObI TOTO, YTOOBI OHU BPAIIAINCH C Pa3HOH CKOPOCTHIO, UYTO
BECbMa MPOOJIEMAaTHYHO OCYIIECTBUTh Ha IPAKTHKE.
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MOXHO 3aMETHTh, YTO BMECTO TOTO, YTOOBI MMETh (OpMy Hje-
IBHBIX LUINHIPOB, CTOPOHBI KOJIEC PACXOAATCS MO HEOOIBIINM YIIIOM.
OTO0 HE 3aBOJICKOH Opak, a BEIOOP MHXXKEHEPHOTO AN3aifHa, KOTOPHIH MT03BO-

JIAET noe3Qy IJIaBHO MOBOPAaYMBaTh, HC YJICTas C pPEJIbC.
2

Koneco
Cpeanas G
4aCTL OCH Y

vy MpeanoaCTynuHaA
HacTs

-

L

- L
G L )

Puc. 2.

IIpoBenéM 3KCIIEPUMEHT Ha MPUMEPE JBYX HA0OPOB IITACTHKOBBIX
CTaKaHOB, CKJIECHBIX BMECTE TOMApHO. ECIH CKpenmuTh [Ba CTaKaHYHKa
JIOHBIIIKAMH, TO CKATBIBAsCh MO «peibCcam» OHHU BCerga OyayT HEMHOTO
3a0uparh BOOK, MOKa HAKOHEI] He COUIYT C myTH. ECII BEpIIUHBI CTAKAHOB
CKpEIUICHBI BMECTE, OHU KaTATCA [0 MapauIeIbHBIM J0POKKaM, HE OTKIIO-
HSSICh M HE 3aBaMBasch Ha O0K. [To Mepe TOro, Kak cTakaHbl TIOBOPAYHMBa-
0T BJICBO FUIM BIIPABO, UX JUAMETP C 0OCHX CTOPOH U3MEHSETCS, B PE3Yihb-
Tare Yero MoJydaeTcsi CBOeoOpasHas Tapa CBS3aHHBIX KOJIEC, MMEKOIINX
pasublii pazmep. Ho Bepcusi, rie cTakaHbl CKpEIJICHBI BEPIIHHAMH, caMma
KOPPEKTUPYET ceOsl BO BPEMSI IBIIKCHUS, UTO M MIPUIAET €if yCTOHUHUBOCTE.

YroOBl BaArOHBI HE CXOJIUITH C PEJIBCOB PH MOBOPOTAX, HHKEHEPHI
CKOHCTPYHPOBAITH KOJIeCa KOHYCOBHIHBIMHU, Y4TOOBI BO BpEMsSI pa3BoOpoTa
M0e3/1a OHM MOTJIM TIOKAYMBaThCS M3 CTOPOHBI B CTOPOHY B PEKUME peab-
Horo BpeMeHu. C OHOW CTOPOHBI, IUIOIIA/b COMPUKOCHOBEHUSI CTAHOBUT-
cs1 6OJIbIIIe, YTO MO3BOJISIET MM OCTABAThCS HA BHEIHEH KoJjee, a ¢ JAPYroi
— YKOPa4YHMBAETCs, YTO ONTHUMAJIBHO /ISl BHYTPEHHEH Kojien. Bee mpowncxo-
QT aBTOMATHYECKU OJaroaps IMEHTPOOSIKHBIM CHIIaM, KOTOPBIE BBITAIKH-
BAIOT 110E3]1 HAPY)KY, KOT/Ia OH OTMOaeT yroj, YTo 03HaYaeT, YTO HUKAaKO
JIOTIOJTHUTENTLHOM TIOAIEPX KKK €My He TpeOyeTcsl.

Ilo mamepuanam évicmynienust OupeKmopa no MameMamuieckum
uccreooganusim 6 Tpunumu-xonn, Kembpuooc, npog. Tadawu Takeda na
kanane Numberphile noceswénnom mamemamure u Hayxe.

144



XVII Pezionanvrna naykosa cmyoenmcoka KoHgepenyis
AKTYAJIbHI [IPOBJIEMH DI3UKH TA IX IHOOPMAIIIHHE 34AFE3IIEYEHHA

I'YCEHUYHBIN X0/,
Xapbkoeckuli HayuoHarnbHbIU agpapHbIl yHU8epcumem
um B.B. [lokyyaesa
Cm. U. Unnuyoea
Pyk. npocp. C.C. AeomuH

Kro m3006pén rycenmunsiii xon? Ecnu ums n3oOperarens xoieca
3aTepsiHO B TIyOMHE BEKOB, TO IPaBO IEPBEHCTBAa HA M300peTeHHE Tyce-
HUYHOTO XOJa OCHapHBaloT pas3Hble cTpaHbl. B Poccum cumraercsi, 4ro
NepBBIM n300peTaresieM IryceHuIbl Obl1 KpecThbsHuH DEnop binHOB, KOTO-
priit 27 mapra 1878r monan 3asBKy Ha MOJIydeHHE ITaTeHTa Ha U300peTeHHe
«BaroHa ¢ HeCKOH4YaeMbIMU pelikamuy». B CIIIA mpuHATO CUUTATh, YTO ITO
Bact u XomeT, ocHOBaBmme kommanuio Caterpillar m coOpaBmmme mepBbIit
TyCeHHUHBIN Oynbaozep. PpaHITy3pl CUMTAIOT MEPBOOTKPHIBATENEM Tyce-
HUYHOT'O NPUHIMIA ABWXKEHUs] KOHCTpykTopa Jliobo1e, koTopsiii B 1818r
3aKpemnu1 3a co0ol MpaBO CO3JAaHUS IKHUIIAKEH «C MOIBHKHBIMH PEIIbCO-
BEIMH IyTssMu». B 1826 roxy anrmuuanun Jxopmx Keinu 3anarenToBan
«OECKOHEYHYIO0 TYCEHHUIY» U OIyOJIMKOBAI 00 3TOM CTaThiO B XKypHaie. B
1837 pycckuit n3obperarens, [. 3arpspkckuii, 3amaTeHTOBAN BaroH ¢ Oec-
KOHEYHBIMH pesibcaMu. Ho, GOJIBIIMHCTBO CHENMATMCTOB CYUTAIOT, YTO
peanbHO TyceHuna nossuiack B 1901 roxy, xoraa amepuxaser OnasuH Op-
nanno Jlombapa MocTpouil MEPBYIO «CEPUIHYIO» MAIIUHY Ha T'YCEHHYHOM
X0y, KOTopyto pousBoamw 1o 1917 roxa.

I'ycenndHBIE ABMKHUTENN IPOYHO BOIIIH B HAITY XH3Hb. MaIlIMHBI
Ha TYCEHHYHOM XOJy Pa3BHBAIOT OOJIBIINE TATOBBIE YCHIIUS, IIPH 3TOM CO-
XpaHSIOT AOCTATOYHO BHICOKYIO MAaHEBPEHHOCTh M OKa3bIBaeT HEOOJIBIIOE
JaBjieHue Ha rpyHT. OJHAKO CTOJb yAayHas KOHCTPYKLUS MMEET IIeJIbIH
PSR CYLIECTBEHHBIX HENOCTaTKOB. BO-IepBBIX, HEBBICOKHH 3KCILTyaTallH-
OHHBIN pecypc. OnuH U3 (PakTOpOB, 3HAUUTEIBHO COKPAILIAIOUINX KU3HB»
TYCEHHIIbI, — KOPPO3Hs. BO-BTOPBIX, METAIUIOEMKOCTD SIBJISIETCS CEPhE3HBIM
HEIOCTaTKOM TyceHHull. Macca MeTalIu4ecKod T'yCeHHILBI ¢ COCTaBHBIMU
3BEHBSIMH MOXKET COCTaBIATH 25% u OoJiee OT Macchl Beei MammHbl. Kpo-
M€ YHCTO 3KOHOMHYECKOTO OTPHUIATENBHOTO 3HA4YeHUs! 3TOro (axropa,
MaTepruasoéMKOCTh MPOSBISIETCS] B BBICOKOH 1I€HE CPABHUTEIILHO HECIIOXK-
HOTO mM31enus. 3a C4ET yBEIMUEHHONW MacChl MOBBIMIAECTCS PACX0/ TOIUINBA.
MHOTOTOHHBIE T'YCEHHYHBIE MAIIMHBI HETaTHBHO BO3JCHCTBYIOT Ha IMOY-
BEHHbIE TIOKPOBHI NIpU paboTax Ha OTKpHITOM rpyHTe. C MOMEHTa H300pe-
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TCHHUA T'YCCHHUIBI MHXXCHEPHAA MBICJIb ITIOCTOAHHO HMCKajla IMyTH YCOBECPIICH-
CTBOBaHHS KOHCTPYKLUMH. MoJepHU3alMsI T'YCEHUYHBIX CHCTEM IPOUCXO-
JIAJIa KaK 10 MyTH MOMCKOB HOBBIX MAaTEPHAJIOB M HOBBIX TEXHOJIOTHIA, KO-
TOpBIC ObI 00ECIEYNBAIU TYCEHHUIIC BHICOKYIO M3HOCOCTOWKOCTH TaK M IO
MyTH CHUXEHHUs e€ mMacchl. B pesynbTare MOSBHINCH [YCEHHUIIbI, 000PYI0-
BAaHHBIC PE3MHOBBIMHU HaKJIaJKaMH WA O6pe3I/IHeHHBIMI/I 6aIHMaKaMI/I. Ta-
KHE TYCEHHMI[bl MPOUTPHIBAIOT B CUEIJICHUH C TPYHTOM, Ha HUX JIOBOJBHO
CJIOKHO TEpeMeNaThCsl Ha OOJECHENbIX YUacTKaX, HO OHM LIAJSIIE BO3-
JICUCTBYIOT Ha JOPOYKHOE TOKPHITHE.

Oxouo 30 et Ha3aj MOSIBIIUCH TYCCHUIIBI, B KOTOPHIX OCHOBHBIM
SJIEMEHTOM SIBIIIaCh pe3uHa. Pe3MHOBBIC T'YCEHUIIBI B (hOpME KOJIBLEBOI
PE3MHOBOM JICHTHI, YCUJICHHBIE OCHOBOM M3 METAJUIMYECKOTO, TOJIUMEPHO-
ro WM TKAaHEBOI'O KOpAa, JIMOO K€ HMEIoLIMe 3aBYJIKaHU3WPOBAHHBIC
BHYTPH JICHTHI TOHKHE CTaJIbHBIC TPOCHI, HE UMEIOT NIAPHUPOB, 3HAUUTEI b~
HO IMPOYHEE, JOJTOBEYHEE U PEIIAIOT MPOOIEMBI «JTUIIHEI» MacChl H KO-
po3uoHHOTO (pakropa. Ha nErkux pe3sMHOBBIX I'YCEHHUIAX MAIIWHA CTaHO-
BUTCA MaHéBpeHHee, a Harpy3ka Ha KaTKM MEXaHHU3Ma NCPCABHMKCHUA 3HA-
YUTEILHO CHHXKAETCS M0 CPABHEHUIO C pabOTOil HA CTANIbHBIX T'YCEHUIIAX.

Pemaroiiee 3HadeHHe Ha KaYECTBEHHBIC CBONCTBA PE3UHOBBIX I'y-
CCHHMII OKa3bIBAaCT COCTaB PE3MHBI. UeM BBINIE COACpKaHUE HATYpPAIBLHOTO
KaydyKa B PE3MHOBOM CMECH, TEM T'yCCHHIIa IPOYHEE W dJacTh4Hee. B ne-
IIEBBIX TyC€HHIax HMCMIOJb3YIOTCA B OCHOBHOM CUHTCTUYCCKHUE MaTCpUaAJIbI,
WMHOT/Ia JaKe MaTepHUalibl BTOPUYHON TIEpepabOTKH, YTO MPSMO OTpakaeTCst
Ha CpOKe CIyXObl H3/enuii. Pe3HHOBBIC I'YCEHHIIBI HY)KIAIOTCS B TEXHUYE-
CKOM OOCIY)KUBAaHUHU TaK KaK 3HAYUTEIBHO JIerde MOBPESKAAIOTCS, YeM Ka-
keTcs. HopManbHBIA pexkuM paboTHI Il PE3HHOMETAUTMICCKUAX TYCCHHUIT
oT —25 no +55 °C. UtoObl pe3uHOBBIE T'YCEHHIIBI CIY)KHWIU JOJTO, HAJ0
n3derarh JABMKEHHs HAa HUX 10 00pe3KaM MeTaiia, TOpYalluM MHIM U JpY-
MM 1OI00HBIM TIpensaTcTBUAM. He jkenareneH KOHTaKT pe3HHOBBIX JICHT U
C MOTOPHBIMH MAacliaMd, TOTJIMBOM U APYTUMH XMUMHYECKH aKTHBHBIMH
BemiectBamMu. M emé, N0 cuUX mop HE pemieHa MpodliemMa yXyIIICHUS
CBOWCTB pe3uHBI ¢ TeucHHEeM BpeMeHH. CpOK TOJHOCTH PE3UHOBBIX T'yce-
HUIl, KaK W CTaJIbHBIX, HAIMPAMYIO 3aBUCUT OT TIIATCIBHOCTH KOHTPOJIA
HATsDKEHUs] ryceHHnbl. [Ipu ciaboM M M3IHIIHE CHJIBHBIM HATSDKEHHEM
HATSHKCHUHM TYCEHHI[A MOXET COCKOYHTh, a MOJOOHBIC «IIPOUCIIECTBUSY
CephE3HO YKOPAUHUBAIOT PeCype €€ IKCILTyaTaIl|H.
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JIC I PAAIOKTHUBHI BUKU AN
Xapbkoeckuli HayuoHarnbHbIU agpapHbIl yHU8epcumem
um B.B. [lokyyaesa
Cm. 10. Mansipoea
Pyk. npocp. C.C. AeomuH

[Tix wac pobOTH Ta TpH aBapisfx SIEPHUX PEAKTOPIB YTBOPIOETHCS
6mu3pko 700 pizHUX pamioHYKIiniB. Jo ckiamy aBapiifHUX BUKHIIB BXOJATH
SIK HEeTPUBKI paJiOHYKIiIU (Tepioll HamiBpo3maay a0 15 mib),Tak i TpHUBKi
(Tos Oinbare 15 i), Tomy 31 30UIBLICHHSAM 4Yacy, IO IPONIIOB 3 MOMEHTY

aBapii, 1031 ONPOMiHIOBaHHS (DOPMYIOTHCS B OCHOBHOMY 33 PaXyHOK TPHB-
Kux panioHykiiniB. Hai6inemmit Bkian (Oimbm HiX 1%) y edekTHBHY eKBi-
BAJCHTHY JI03y [alOTh EJIIEMEHTH: BOJCeHB-3 ( 3 —po3sman), Byriens-14
(f —posnan), uesiii- 137 ( 3,y —posmnax), crpoHwiii-90 (f —posman),
pyreniii-103 (B —posnan), #on-131 (f,y —posnan), uepiii-144
( B,y —posnan). [Tpu nepBUHHOMY BHNaaHHI paTioHyKIB 3 aTMOCchepH
OJIC PaIiOaKTHBHOTO 3a0pyaHEHHS (POPMYETHCS i BILTMBOM METEOPOIIO-
rivaux 1 masamadtaux (akropis. Haitbinpm 3HadymmMu 3 JaHImadTHIX
¢daxTopiB €: penbed 3eMHOI MOBEPXHI, THII POCIUHHOCTI, TiaporpadidHa
Mepexa.

OcimaHHs 4acTOK aepo30JIiB Ha 3EMITI0 3YMOBIIOETHCS 3AJICXKHO Bijl
iX po3Mipy BIUIMBOM IpaBiTaliiiHUX CHJI 1 TypOYJIEHTHOTO MepeMillyBaHHs
moBiTps. Po3Mipn 4acTHHOK JIeKaTh Y TOCHTH 3HAYHHUX Mexax - Bim 0,001
mo 800 mxMm. IToBeniHKa JISTKMX YaCTHHOK Majioro po3mipy (mo 200 mMxm)
O Mexi moziTy atMocdepa — 3eMIIs OUTBIIOI0 MIpOIO BH3HAYAETHCS TYp-
OyneHTHOIO An(Y3i€r0, TOMY MIBUAKICTH iX OCITaHHS 3MIHIOETHCS 3aJI€KHO
BiI XapakTepy MiICTUIA0Y0] MOBEpXHi. 31 BCIX €IEMEHTIB MiACTHIAI0YOi
MOBEPXHI HAWOUIBLIO MIPOIO 3MIHIOIOTH TYPOYJICHTHICTh MOBITPS JIICOBI
HacamkeHHs. JlicoBi HacapKeHHS 3MEHIICHINYIOTh BEPTHKAJIBHI ITyJbCalii
IIBUAKOCT] BITPY i YTBOPIOIOTh MEHIIIE BHXOPIB BIUIMBAIOYHM HAa OCITaHHS
aepo30JIbHUX YaCTOK. Tak¥uM YMHOM, BOHH BiJIrparoTh BaXKJIHMBY pOJb Y
(opMyBaHHI TOJIIB PagiOaKTUBHOTO 3a0pyAHEHHS BHKOHYIOUM (DYHKLIIO
HaKOMUYyBayiB paJioHyKIiniB. HazemMHa pocianHHICTh — 1ie mepuuii ekpax,
10 3aTpuMye pamioakTuBHi pedoBuHH. Ilicns aBapii Ha YAEC micoBi macu-
BU HaKOMMYHIM Npuban3Ho Ha 30% Oulblne akTUBHOCTI, HDK HABKOJIMIIHI
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nonsi. HaiiGinpina minbHiCTh palioaKTUBHOTO 3a0pYyAHEHHS JICOBUX MacH-
BiB TOBrOXXHMBYYNMH PaTiOHYKIIJAMH CIIOCTEPIraeThCs Ha Y3JICCAX 3 HaBIT-
pstHOTO OOKY. Y MOYATKOBHIA Tepiof Mmicis aBapii, Ko B JOBKULI epedy-
BaJla BEJIHMKa KUIBKICTh KOPOTKOXKMBYYHX PaJiOaKTHBHHUX €JIEMEHTIB, POJIb
Jicy B MEpepo3moiiT paaioHyKIiAiB Oyiaa 0coOIMBO 3HAUHOW. PesynpTatu
JIOCIIKeHb MMOKa3yIOTh 3HA4YHY PI3HUIIIO IIUIBHOCTI 3a0pyJHEHHS TPYHTY B
JCOBUX HACa/DKCHHAX HABITh y MEXaX OJHOTO KBapTaly. Taky cTpoKaTicTh
3a0pyqHEHHS MO)KHA IOSICHUTH HEOJHOPINHICTIO JICIB i iX JIOKAIBHOTO
BIUIMBY Ha HIBHJKICTh IIEPEHOCY PaIiOHYKIIIIB. 3aTpUMyBaHHS POCINHAMUA
TBEPMX acpO30JIiB 3aJieKaTh Bil: (hiTOMacH Ha OAWHHIIIO IO, IBHIKO-
CTi BITPY, PO3MIpy aepo30JbHHX YaCTHHOK, BIMHOCHOT BOJIOTOCTI MOBITpS,
dbopmMu, po3Mipy, BIACTUBOCTEH MOBEPXHI JUCTS Ta IHIIUX HAA3EMHHUX O-
ra"iB pocnuH. HaiiGimpmoo 6iomMacoro Ha OOWHUITIO IDIOMII XapaKTepU3y-
IOTBCS JTICOBi OiOIIeHO3H. 3aTpUMYBaHHS YACTHHOK JICOM TIO0ATBHUX BU-
nagias cknamae 50 — 100%. Le#t koedimieHT 3MeHIIyeTbes 10 20% y Jwc-
TSHUX Haca/DKEHHSX IICis JIMCToNany. XBOWHI aepeBa 100pe yTpuMyroTh
panmiamiro. 3a 3JaTHICTIO 3aTPUMYBATH PATI0AKTHBHI BUKUAN €JICMEHTH ITif-
CTHJIAI0Y01 TIOBEPXHI YTBOPIOIOTH TAaKWH psI: COCHOBHH MOJIOIHSK-
CepeIHbOBIKOBUI COCHSAK-JICTBSHI JIICH-IIYKH 1 TOCiBH-pims. [licms ioHi3y-
I0Y0TO ONPOMIHIOBAHHS y POCIHMH PO3BUBAETHCSA paialliiHUi CHHIPOM,
SKA{ Ha MOYaTKy Ma€ CHUIbHI PUCH 3 aHAJIOTTYHUM CHHIPOMOM Yy TBAapHH.
Crneuuncika popMyBaHHS paaialliifHOr0 CHHIPOMY Y POCIHH IOJISITAE B TO-
MY, II0 BCl OpraHu pociauHU (HOPMYIOTHCS 3 MEPUCTEM, TOMY IIPH iX OIpo-
MIHEHHI CIIOCTEPIraeThCsl YIIKODKEHHS Maike BCIX OpraHiB — sIK BEreTaTH-
BHUX, TaK 1 reHepaTuBHUX. CTyIiHb BIUIMBY 10HI3yI04OTO BUIIPOMIHIOBaHHS
Ha POCJIMHHU BU3HAYA€THCS NOTY)XHICTIO JUKEpea BUIIPOMIHIOBaHHS, TpHUBa-
JicTio #oro nii Ha pocnuHH. Po3pi3HSIOTH rocTpuil Ta XpOHIYHWI BIUIMB
IOHI3YFOUOTO BUIIPOMIHIOBaHHS Ha pociiuHy. [1in 4ac rocTporo onpoMiHeH-
HSl HalOUIbIIe YIIKODKYIOTBCS KIIITHHH, MO IepeOyBaloTh y CTaHi aKTHB-
HOTO TOTy. Y POCIWH BHUSBJICHO TaKOXX IUCTAHIIHHY MAif0 BUIIPOMIHIO-
BaHHS, KOJH 3 ONPOMIHEHOT YaCTUHH B HEONPOMIHEHI EPEHOCSTHCS PEdo-
BUHM, 3aTHI TOMIKO/KYBaTH MeEpUCTeMH. Pi3HI OpraHu pOCIMH THO-
pI3HOMY pearyroTh Ha OTIPOMIHEHHS: HAYyTJIMBIII — TeHEPaTHBHI, TOTIM —
BCi OpraHu, 10 Ha MOMEHT ONPOMIHEHHS CKIAIalOThCsl 3 MEPUCTEM, SKi
AKTUBHO JUIATHCS. Y POCIMHH 3MIHIOEThCS MOP]OIIOTiS Tpaxe i Tpaxeim; y
KOPEHIB IMOCUITIOETHCS PO3TATY)KSHHS, MOPYLIYETHCS YTBOPEHHST KOPEHEBUX
BOJIOCKIB. Moye 3MIHUTHCh HOPSIOK PO3MILIEHHS JIMCTKIB, (hitoTakcuc,
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MOXYTh BUHUKHYTH (aciianii, myxJIuHHI yTBOpPEeHHs. 3MIHIOEThCS (opma
JIMCTKA, TOPSIOK JKWIKYBaHHS; CTHMYJTIOETHCS YTBOPEHHS KalIOCy, IO
MPU3BOIUTH 10 PO3BUTKY MICIEBUX PO3pPOCTaHh (IMyXJIHH) ab0 O TOSBH
OpYHBOK B HE3BHMYHMX MicusX. Ha micii Takux po3pocTaHb HEPIAKO YTBO-
proroThCsl KOpiHLi. [HOMI paniawiss BHOBUIBHIOE PICT, MPUCKOPIOE MPOLIECH
LBITIHHS y POCIIMH. XapaKkTepHOIO PEaKIi€r0 Ha ONPOMIHEHHS € MOTOBIIECH-
HS JMCTKOBUX IUIACTHHOK, II0 TIepebyBae B MPsIMiil 3aI€KHOCTI Bil 03U Ta
B 3BOPOTHIH Bif chOPMOBAHOCTI JIUCTS O MOMEHTY ONpoMiHeHHs. 3i 30i-
JBIICHHSAM HOTJIMHYTOI JO3K B MEPUCTEMaX MOXKYTh CIIOCTEPIraTHCs KIITH-
HU 30UIBIIEHUX PO3MIpIB, SIK HACIIJIOK 3aTPUMKH iX moainy. Lle nmpusBoauts
JI0 mepeayacHoi ix mudepeHmianii i npuckopeHoro crapinus. [loBHe mpu-
MMHEHHST PO3BUTKY 1 POCTY JIUCTS HACTA€ MPH 1031 i0HI3YIOYOr0 OMPOMi-
HeHHsI O6mm3pko 90 I'p. 3HauHO pimmre mix i€l0 iOHI3YIOYOTO0 BHUIIPOMIHIO-
BaHHS BUHHMKAIOTh aHOMAJIil PO3BUTKY OKPEMUX OPTaHiB, 3yMOBJIEHI coMa-
THYHAMU MyTamisMu. JleTanpHUi BIUIMB panianii Ha POCIHMHHI KIITHHU
MOJKe BinOyBaTuCs: Yepe3 YIIKO/PKEHHs IX TI'e€HETHMYHOTO arapary, IIo
CIPUYUHSE PENpPOAYKTHBHY 3aru0elib KIITHH, a00 3a Oe3rmocepeHbOTo
pyiinyBanHsa KiituH. {06 cnpuumHMTH 3arnbens KIITHH Oe3mocepenHbo,
HeoOXimHa 103a B 3-4 pasu OinmbIna, MK 7S TOTO, 00 1M030aBuTH ii 37aT-
HOCTi 10 monity. loHi3yroue BUIIPOMIHIOBAHHS HaBiTh y AyXKe BEIUKHX JO-
3ax (1000-2000 I'p) He Bimpa3y BOUBae BereTyroui pociuuu. OcTaHHI JOBro
TiciIs ONMPOMIHEHHSI MOXKYTh 3aJMIIATUCh TYPrOPHHMH, 3€JIE€HHMH, HaBITh
3JIaTHUMHM HAKOTIMYYBAaTH IUIACTUYHI PEYOBHHHM, XOua 3JaTHICTh KIITHH
MEpHUCTEeMH 10 TOMUTy B iX MeprcTeMax BXe IOBHICTIO i 0€3MOBOPOTHO
BTpaueHa. Y POCIHH, IO OAEPXKAIH 103y, ONN3BKY A0 JIETANBHOI, 3r0I0M
MOJKJINBE BiTHOBIJICHHS. Pa3oM 3 TUM HU3BKI /I03H, JIETKO BUTPUMYBaHi Mif
4ac KOPOTKOYAaCHOTO ONPOMIHEHHS, CTAIOTh JICTAJBHUMH 32 TPUBAIOI Jii.
Lle Tak 3BaHuWil eekT HAKOMMYYBaJbHOI Ail pamiauii Ha pociuHy. Takum
YHHOM, 3aru0enh POCIHHH MIiCIs OMPOMIHEHHS MOXE Peai3yBaTHCh SIK
ITy’Ke BilTaeHUH e(eKT.
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XVII Pezionanvrna naykosa cmyoenmcoka KoHgepenyis
AKTYAJIbHI [IPOBJIEMH DI3UKH TA IX IHOOPMAIIIHHE 34AFE3IIEYEHHA

Haykose Bunanus

AKTYAJIBHI IPOBJIEMHA ®I3UKU TA iX
THO®OPMAIIMHE 3ABE3IEYEHHSI

Marepianu
XVIII perionansHOT HAYKOBOi CTYIEHTCHKOI KOH(pEpEHIIii
(11-12 ksitHs 2018 poky)
Bigmosigansanii 3a Bumyck gor. O.B. CemeHoB

B aBTopchKiit pepakirii

Hinm. mo mpyky 27.03 2017 p. ®opmat 60x84 1/16 Iamip odicHuii.
Riso-npyk. T'apuirypa Taiimc. YM. npyk. apk. 13,13. Haxman 170 npum.
3am. Nel63 Beskomrosno. Llina gorosipHa.

Bunasanunii neatp HTY “XIII”.
CgigonrrBo JIK Ne 116 Bix 10.07.2000 p.
61002, Xapkis, Byn. Kuprnimaosa 2

Jpykapus HTY “XI117,61002, Xapkis, Byn. Kupnudosa 2
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