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Haykoso-npaxmuunuii scypnan «Enexmpomexnixka i Enexmpomexanika» — nepeoniamue 6UOAHHA.
3eepmaemo eauwty ysazy, uio nouunarouu 3 2006 poky ocypran euxooums wicmv pazie Ha piK.
Bapmicmv nepeonnamu na pix — 136,44 zpu., na oea micayi — 22,74 zpu., na womupu micayi —
45,48 epn., na wicms micauie — 68,22 epn., na eicim micayie — 90,96 2pH., Ha decamb micauie — 113,7 zpH.
Ilepeonnamnuii indexc: 01216.

HIAHOBHI ABTOPH KYPHAJIY!
Ilocmanosoro npe3udii BAK Yxpainu 6io 15 ciuna 2003 p. M 1-08/5 nayxoeo-npaxmuunuii sncypnan
«Enekmpomexuixka i Enexmpomexanixa» eneceno 0o Ilepeniky naykosux gpaxoeux eudanv Ykpainu, ¢
AKUX MOMCYMb NYONIKYeamuca pe3yibmamu oucepmauiitnux poodim Ha 3000ymms HAYKOGUX CHIYNEHie
00Kmopa i KAaHOUOama HAyK ma nepepeccmposano nocmanoeorw npe3udii BAK Ykpainu 6io 10 nromozo
2010 p. Mo 1-05/1. 2Kypnan 3apeecmposano ak ghaxosuii 3 Ne 1 2002 poky.

Houunarouu 3 2005 poky 32i0H0 3 002080pom mixc pedaxuicto ycypuany <Enexmpomexuixa i Enexmpo-
Mexanixka» ma Bcepociticokum incmumymom naykoeoi ma mexuiunoi ingpopmauii Pociticokoi akademii nayx
(BUHUTH PAH), inghopmayia npo cmammi 3 scypuany 3a eiooopom excnepmie BHHHTH posmingyemovcs y
Peghepamusnomy sncypnani (P’K) ma bazax oanux (b/]) BHHHTH. 3ziono 3 yum oocoeopom BUHHTH naoae
DeoaKuii cypuaty 36im npo ioodpaicenna cmamei 3 ycypuany y P2K ma B/ BUHHTH.

Houunarouu 3 Nel 3a 2006 p. 32iono 3 Haxazom MOH Ykpainu Ne688 eio 01.12.2005 p. scypuan
naocunaemoca 00 YkpIHTEI.

Enexmponna konia ocypnany «Enexmpomexnika i Enexmpomexauika», AKUil 3apeccmpogano y
Mixycnapooninn cucmemi peccmpauii cepiitnux (nepioouunux) euoans ni0 CMAHOAPMU3Z0BAHUM KOOOM
ISSN 2074-272X, naocunacmovcsa 0o Hauionanwvnoi oioniomexu Yxpainu im. B.1. Bepuaocvkozo. Enexm-
POHHA sepcin HcypHaly npedcmasnena ha caiimi hitp://nbuv.mon.gov.ua ¢ po3oini «Ingpopmauiini pecypcu
| Hayxosa nepioouxa Yxpainu» nouunarouu 3 2005 poky.

Y keimni 2013 p. scypnan «Enekmpomexuika i Enexkmpomexanika» exniouenuil y 008i0HUK nepioouHux
suoanv oazu oanux Ulrich’s Periodical Directory (New Jersey, USA), a makosic indexcyemuocs eeponeii-
CbKOI0 cucmemor nowyky haykoeoi ingpopmauii DRIVER (www.driver-repository.eu) ma 6 cucmemi
BASE (www.base-search.net).

3eéepmaemo ysazy agmopie Ha HEOOXIOHICMb 0hopMaeHHA PYyKOonucie 8i0nogiono 00 Bumoz, aki nasedeni
Ha odghiyitinomy caiumi HTY «XIII» (http://www.kpi.kharkiv.edu/eie/). Cmammi, ogopmneni 3ziono 3
Bumozamu, 6yoyms nyonikysamuca y neputy uepey.
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EnekmpomexHika. Bu3zHa4Hi nodii. CrraeemHi imeHa

YK 621.3:537.311:910.4
M.U. bapanos

AHTOJIOT U BBIJAIOIIUXCA JOCTUKEHUA B HAYKE U TEXHUKE.

YACTbD 13: HAHOTEXHOJIOI'MHA

Hageoeno Kopomkuili HaAyK0Go-icCMOpuUYHUIL HAPUC HPO CYUACHUIL CHIAH 00CTI0MCEHb 8 2any3i HAHOMEXHONO02IH | 00CAZHEHD )
HUX, W0 3HATIWIU 3ACMOCY8ANHA 6 DI3HUX 2AY3AX HAYKU | MEXHIKU.

Hpueedeﬂ Kpamlcmi Hayuuo—ucmopuuecxuﬂ OYepPK 0 COBPEMEHHOM COCMOAHUU uccneoosanuii 6 001acmu HAHOMEXHON02UIl U
00CIUMCCHUAX 8 HUX, Haweowmux npumeHeHnue 6 pasjiuiHsblx obracmsax HAYKU U mexXHuKu.

"Kmo parnvute osnadeem HaHOMEXHOIOSUAMU,
mom u 3aiimem gedyujee Mecmo 8 mexHocgepe
6yodywezo".

Dosapo Tennep (1908-2003 22.) — 0oun us
"omyo8" amepuxanckoll mepmosodepHol 60Mobl.

BBEJIEHUE

Cormacuo [1] "mexnonozuen” wuaspiBaercst COBO-
KYITHOCTh METOJIOB OOpaOOTKH, W3TOTOBJICHHS, H3MEHe-
HUSI COCTOSIHUSI, CBOHCTB, ()OPMBI CHIPhsI, MaTepuaia Win
noydalpukara, OCYIIECTBISEMBIX B MpoOLEcce MpPOU3-
BojcTBa mpoxyknuu. CocTaBHas 4YacTh HAUMEHOBAHMS
eMHUI (pU3HUCCKUX BeMHanH "Hano”, papHas 10° (Mu-
JIMAPIHOMN) OJIe UCXOMHBIX EIUHHUII, TIPOUCXOIUT OT rpe-
deckoro ciosa 'nannos” — “kapaux" [1]. Tpunsaro cuu-
TaTh, YTO BICPBEIC TCPMHUH ""HAHOMeXHOI02UA", 00BEIU-
HSFOIMI yKa3aHHBIC BBINIE ABa MOHATHS (Te, YTO B Ka-
BBIUKAX), IPUMCHIIT a3uaTckuii yaensiit Hopuo Tanurytu
B 1974 romy, WCmONMB30BABIINI €ro IS OOO3HAYCHUS
MIPOW3BOJICTBA CYNEPMAJBIX W3ACIHN pa3MepoM B He-
CKONMBbKO HaHOMeTpoB [2]. IlosToMy B 3TOM HaydHO-
HCTOPHYIECKOM OYepKe, IOCBSIIEHHOM MOJIOJOH Hayke,
CIIOCOOHOH CcTaTh OCHOBOH HOBOM NMPOMBIIUICHHON PEBO-
JIIONMHM B MUpE, HAYHEM C OMpENeNICHHs TOHATHS ''HaHO-
texuomorus”. Cormacuo [2, 3] mon HaHOTEXHOIOTrHeH
cllenyeT TOHMMAaTh COBOKYIHOCTH METOIOB, obecredn-
BaIOIINX KOHTPOJIMUPYEMBIM 00pa3oM CO3JaHWE W MOJH-
(uKanuo 0O0BEKTOB C COCTABHBIMH KOMIIOHEHTaMH pa3-
mepom menee 100 HM (xOTst GBI B OJHOM H3MEPEHHH),
XapaKTepU3YIOUINXCS MOSBICHHEM H3-3a 3TOT0 y HHUX
(00BEKTOB) PHUHIUITHAIBHO HOBBIX Ka4eCTB (CBOWCTB), U
MO3BOJISIFOIIMX OCYIIECTBILITh MX (ITHX OOBEKTOB) HMHTE-
Tpalio B TMOJHOLEHHO (YHKIMOHUPYIONINE CHUCTEMBI
6onbimoro macmraba (pasmepa). OTMETHM, YTO MPAKTH-
YEeCKUI aclieKT HAaHOTEXHOJOTMH BKIIOYAaeT B ceOst mpo-
M3BOJICTBO TEXHMUYECKHX YCTPOWCTB M MX KOMIIOHEHTOB,
HEOOXOMMMBIX AJIS CO3aHusl, 00paOOTKH N MAHUITYIISIIIAN
aTOMaMH, MOJIEKyJaMH M HAaHOYACTUIIaMH, oOpa3yromu-
MU yKa3aHHBIC BbIIIe 00beKTHI. [Ipuuem, 3T 0OBEKTHI HE
00s13aTeNBbHO JOMKHBI OBITH 10 pa3mepy menee 100 am. B
Ka4ecTBEe HUX MOTYT BBICTYIIaTh MaKpOOOBEKTHI, aTOMap-
Hasl CTPYKTYpa KOTOPBIX JINOO KOHTPOIMPYEMO CO3aaéTCs
9emoBeKOM (po0OTOM) C paspelleHHEeM Ha YpOBHE OT-
JIETTbHBIX aTOMOB, JINOO XK€ COIEPKHUT B ceOe OTAEIbHBIC
HaHOOOBEKTH. PaccmaTpuBaeMoe MOHITHE OXBATHIBACT
TaKKe METOJIbI TMAarHOCTHUKH, XapaKTepOJIOTHH U (H3Hde-
CKHUX HCCIIEOBaHNH TaKux 00bekToB. HaHoTexHOMOTHS M
B OCOOEHHOCTH €€ TJIaBHAas COCTaBHAs 4aCThb — MOJIEKY-
JSIpHas TEXHOJIOTHUS SIBISIFOTCS. HOBBIMH M MaJIO MCCIIENI0-
BaHHBIMH Ha HACTOSIIEEe BpPEMs HAYJHO-TEXHHYECKHMHU
JICIIUIDIMHAMH, COPMHUPOBABIIMMHICS B HayKe (haKkTHde-
cku 3a mocneuue 20 et [4]. DTH IUCUUIUTHHBI TIPUHIH-
MHAJbHO OTIMYAIOTCS OT TPAIUIMOHHBIX M XOPOIIO H3y-
YEHHBIX JWCHUIUIMH M OTpacieil HayYHO-TEXHHYECKHX
3HAHWH, MCHONB3YIONMX MaKPOCKOIMYECKHE MOIXOBI 1
TEXHOJIOTUHM OOpAIleHUsI C BEIIECTBOM. Tak, ecimu JUIs

MaKpOOOBEKTOB CHITBI B3aMMOJICHCTBUS aTOMOB W MOJIC-
KyII BEIeCTBa WM CHIIbI BaH-nep-Baanbca, Ha3BaHHBIC B
YECTh aBTOPA WX OTKPHITHS — BBIAAIOIICTOCS HUICPIAHI-
ckoro ¢usnka Moxanueca Ban-nep-Baansca (1837-1923
IT.), ¥ KBAHTOBBIE D(Q(EKTHI HE UTPAIOT 3aMETHON POJIH 1
MMHU YYeHBIC 3a9acTyl0 TPOCTO MpEeHeOperaroT, TO s
HaHOOOBEKTOB OHH CTAHOBSITCS CYIICCTBCHHBIMHU H OIIPE-
JISISIOIIMMHA WX (DU3UKO-XMMHUYECKHe CBOMCTBA. Mcmoms-
30BaHNC B HAHOTEXHOJIOTHSAX MEPEIOBBIX HAYIHBIX [0-
CTHIKCHHUH IMO3BOJISIET OTHOCHTh MX K BBICOKHM TEXHOJIIO-
risiM. Pa3paboTka, CHHTE3 M IpaKTUYECKOe MPUMCHEHUE
BO MHOTHX HAayKOEMKHX OTPacCsIX TeXHOchepsl HaHO-
CTPYKTYPHBIX MaTepHayioB (HAaHOMAaTEpHAIOB) W HaHO-
YCTPOMCTB CTAHOBUTCSl celdac Ba)KHOM COCTaBJISIOLIEH
MHPOBOTO HayIHO-TEX HUIECKOro Tporpecca [4].

1. HEKOTOPBIE CBEJIEHU O
HAHOTEXHOJIOTUAX 1 UX NHCTPYMETAPUN

HanotexHomorusi Kak HOBash MEXIMCIHUIUIMHAPHAS
obnacte QpyHIaAMEHTATHHONW W MPUKIATHOW HAYKH M TeX-
HUKH W3ydaeT 3aKOHOMEPHOCTH (H3MKO-XHUMHUYECKHX
MIPOLIECCOB B IPOCTPAHCTBEHHBIX OOIACTSIX HAHOMETPO-
BBIX Pa3MEpOB C IIEIBI0 YIPABICHUS OTACIBHBIMH aTO-
MaMH, MOJIEKYJaMH, MOJICKYISIPHBIMH CHCTEMaMHU IIpH
CO3JJAHMM HOBBIX MOJICKYJI, HAHOCTPYKTYp, HaHO-
YCTPOMCTB M MaTE€PUAJIOB CO CHEIUATBHBIMU (PU3UUECKH-
MH, XUMHYECKAMU W OHOJOTHIECKHMH CBOWCTBAMHU [2,
3]. TosTomMy riaaBHOW OCOOEHHOCTHIO HAHOTEXHOIOTHH
SBISIETCS TO, YTO paccMaTpHBaeMble MPOIECCHl U COBEP-
IIaeMple ACHCTBUS B HEHW NMPOUCXOAAT B HAaHOMETPOBOM
JMana3oHe TPOCTPAHCTBEHHBIX pa3MepoB. "CeippeM’ B
9TOW TEXHOJIOTHH SIBIISIOTCS OTACIBHBIC aTOMBI, MOJICKY-
JI6I, MOJICKYJISIDHBIC CHCTEMBI, 8 HE NIPUBBIYHBIC B TpaIu-
IIMOHHOW TEXHOJOTMH MHKPOHHBIC MM MaKpOCKOIMYe-
cKHe oO0BEMBI MaTepHaia, COAEpXKalle MHUIMOHBI M
MUJUTAApIB aTOMOB W MoJieKyll. Paborats "Benemyro” ¢
MoJO00HBIM ''ChIpbeM’ — HAaHOOOBEKTaMH, KaK MBI BCE
NPEKPacHO MOHMMaeM, Henb3s. JId MaHUmyIInud |
YIIPaBJICHUSI ATOMaMH, MOJIEKYJIaMH M HAHOYACTHIIAMH CO
CTOPOHBI MaKpOMHpa, B KOTOPOM HAXOJATCS M3y4YaroIine
UX YYCHBIC W CHEINAINCTHI-HAHOTEXHOJIOTH, ITOCIECIHIM
Kak '"'BO3AyX'" OBUT HEOOXOIMM COOTBETCTBYIOIIUH (HH3u-
Yyeckuil MHCTpyMeHTapuil. 3amernM, uro B 1986 romy
U3BECTHBIN Hemenkuii ¢pusuk Dpucr Pycka (1906-1988
IT.) 3a (yHZaAMEHTaIbHbIC PabOThl MO AICKTPOHHOM OIl-
THKe U co3manne uM eme B 1931 romy mepBoro mpocse-
YHBAIOIIETO JIEKTPOHHOTO MHUKPOCKOIA CTall JaypeaToM
HobGenesckoii mpemun 1o ¢usuke [5]. menHo 3mech u
CKa3ajla CBO€ BECOMOE HaydHO-TEXHHUYECKoe ''cloBo" Te-
penoBasi 007acTh 3NEKTPOHHONW MHUKPOCKOIUHM — CKaHH-
pyrolas TYHHEIbHAS ¥ 30HI0Bast MUKpockormst [2, 3].

3HAYUTENBHYIO POJb B HEYAEPKHIMOM HCCIIETOBAHHIN
YEJIOBEYECTBOM IIOJTHOTO TaH HAHOMHpA CHITPajX BBIIAIO-
IIMecs TEXHMIECKUE N300peTeHHST aMEPUKAHCKNX YYEHBIX U

© M.U. Bapanos
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MHYKEHEPOB — CO3/IaHKEe CKAHHPYOLIEro (pacrpoBoro) TyH-
HenmbHOro Mukpockona (G. Bennig, G. Rohrer, 1982 ron),
paspaborurku U cozaarenu koroporo (I'. bunxuar u I'. Po-
pep) 6butH yaocroersl HobeseBckoi mpemu o Gpusuke 3a
1986 ron, 1 cKaHMPYIOMIETO aTOMHO-CHIIOBOI'O MHUKPOCKOIIA
(G. Bennig, K. Kuatt, K. Gerber, 1986 roxn) [2, 5]. 1300pe-
TEHHE HOBBIX MHKPOCKOIIOB ITOZOOHOrO THIA ITO3BOJIMIO
YBEpEHHO HAOIIONATh M HMCCIEAOBaTh yYEHBIM-(DH3HUKaM U
XMMUKaM aTOMHO-MOJIEKYJISIPHYIO CTPYKTYPY TTOBEPXHOCTH
MOHOKPHCTAJJIOB B HAHOMETPOBOM JMaria3oHe Pa3MEpOB.
Haunyudinee npocTpaHCTBEHHOE pa3pelIeHHe 3THX (Hu3nye-
CKHX TIPUOOPOB COCTABISIET COTYIO JONMI0 HaHOMeTpa (Ipu
pa3Mepe atoMa B JICCATYO JOJI0 HaHoMerpa [6]) mo Hopma-
M K W3y4aeMOW ITOBEpPXHOCTH BemiectBa. OTMETHM, UTO
JieficTBHE CKaHMPYIOIIETO TYHHEJIBHOTO MUKPOCKOIA OCHO-
BaHO Ha TYHHEJIMPOBAHMM CBOOOIHBIX AJIEKTPOHOB UEpE3
BaKyyMHBIi Oapbep Hccnemyemoro Bemectsa [2, 3]. Beico-
Kas pa3peliaronias CriocOOHOCTb B HUX (3THX MHUKPOCKOIAX)
00ycCIIOBIIEHA TEM, YTO TYHHEJIBHBIN SJIEKTPOHHBIA TOK W3-
MEHSIETCSl B MOHOKPHCTAJIIE BEIIECTBA HA TPH TOPSAKA TIPH
W3MEHEHUH IIMPUHBI JAHHOTO Oaphepa Ha pa3Mep aroma,
npumepHo paBHbli 0,1 M. Cremyer 3aMeTHTh, YTO TEOpHS
KBaHTOBOT'0 (peKTa TyHHEINPOBAHMS SJIEKTPOHOB B BEIlle-
cTBe ObLIA 3aJIOKCHA BBINAIOLIMMCS aMEPUKaHCKHM (poc-
CHIICKUM) (PU3HKOM-TeOpeTHKOM ['eopriueM AHTOHOBHYEM
I'amoBbiM (1904-1968 rr.) B 1928 romy B ero paborax mno
pamuoakTHBHOMY o—pacnany [2, 5]. [I[puMeHHB KBaHTOBYIO
MEXaHUKY K 0OBsICHEHHIO a—pacriaja, . A. 'aMoB nokasai,
YTO MHKPOYACTHIBI JJAXKE C HE OYEHb OOINBILIOW SHeprueit
MOTYT C OIpENEIECHHON BEPOSITHOCTHIO NPOHHKATH Yepe3
MOTCHIIMANIBHBINA 3HepreTudeckuii  0apbep. C  TOMOIIBIO
CKaHMPYIOIINX MHKPOCKOIIOB B HACTOSIIEE BpEMs y4eHbIC
HaOJTIO/IAIOT 32 aTOMHON CTPYKTYPOW ITOBEPXHOCTEH MOHO-
KPUCTAUIOB METAJUIOB, MOJYIPOBOJHHKOB, BBICOKOTEMITE-
PaTYpPHBIX CBEPXIIPOBOJHMKOB, OPraHMYECKUX MOJCKYN U
Ouonornueckix 00bekToB. HOBBIE MUKPOCKOIBI OKa3aInCh
BEChbMa IIOJIC3HBIMH HE TOJIBKO NPH HM3YYEHHH aTOMHO-
MOJIEKYJISIPHOM CTPYKTYpBI BEIIECTBa, HO M HPHUTOIHBIMU
JUIsL HETTOCPEIICTBEHHOTO KOHCTPYHPOBAHMSI HAHOCTPYKTYP.
CkaHupyromasi 30H/I0Bas MHKPOCKOIMS, HCIIOB3YIOIIas
KaK ONTHYECKUE, TAK W HEONTHYECKUE METOJBI HCCIEI0Ba-
HMS, Hallla MIMPOKOE TNPHMEHEHHE NMPH W3YYCHHH U I10-
cTpoeHnn HaHOOOBekTOB. Ha prc. 1 mpuBeneH BHemHMH
BHJ] TIOJIrOTABIIMBAEMOT0 K paboTe CKaHMPYIOIIEro 30HI0-
Boro Mukpockorna (C3M) aToMHOTO pa3pelieHs, YCTaHOB-
neHHoro HermaBHO B MHcturyre Mmerawiodmuku HAH
VYikpaunsl [7, 8]. YkaxeM, uro padora C3M ocHOBaHa Ha
B3aMMOJICHCTBUM HIJIbI KaHTWIICBepa (30HIA) C MOBEPXHO-
CTBIO HCCIIEAYEeMOro HaHOOOpas3Ia.

C noOMOLIBIO ONpPENEICHHBIX JBIKCHUH UIIoil (30H-
JIOM) TaKOro MHUKPOCKOIA YHAeTCs CO3[aBaTh aTOMHbIC
CTpyKTYphl. Ha puc. 2 mpescraBiieHsl Mocie0BaTeIbHbIC
STambl CO3/IaHWSI HAHOTEXHOJIOIOM JIOTOTHIA BCEMHPHO
M3BECTHOM aMEPHKAaHCKOW KOMITBIOTEPHOH KOMIIaHHH
"IBM" u3 oT/IeNBHBIX aTOMOB KCCHOHA Xe Ha TpaHd MOHO-
kpuctawia mukens Ni [2]. Tlpu aTom aBwKeHHs OCTpus-
HakoHeuHHKa C3M 10 TpaHM MOHOKPHCTAJUIa BEIECTBA
IpU  CO3JaHMH HAHOCTPYKTYp W3 OTAEIbHBIX aTOMOB
HaIIOMHHAIOT XOPOIIO 3HAKOMBIE Ka>KIOMY M3 HAC ITPUEMBI
XOKKEHCTa IPU MPOJBIKEHUH MM MO JIBIY IIaiobI ¢ 1o-
MOIIBIO KITIOMIKK. B 3Tl CBS3M U HAHOTEXHOIOTHI 0CO-
ObIif MHTEpeC MpEeNCTaBIseT CO3JaHHE KOMITBIOTEPHBIX
MporpaMM M MaTeMaTHYeCKHX JTOPHUTMOB, YCTaHABIIMBA-
IOIIMX HETPHBHAIIBHYIO CBSI3b MKy JIBIKEHHUSIMH OCTPHS
(30HIa) CKaHUPYIOIIETO0 MUKPOCKONA M MEPEeMEILCHHAMU
MaHUITYJIUPYEMBIX aTOMOB M MOJIEKYJI BEIlECTBA HA OCHOBE

COOTBETCTBYIOIMX MaTeMaTUYECKHX Mojeneidl. Marema-
THYECKHE MOJCITH U AJITOPUTMBI HEOOXOANMBI 3/I€Ch TAKKE
U 11l paboOThI aBTOMaTH4YeCKHX "cOOpIIMKOB™ (HAaHOPOOO-
TOB) Pa3JIMYHBIX HAHOKOHCTPYKIHH.

HccnenoBanust CBOMCTB MOBEPXHOCTH BEIECTBA C
nomoupo C3M MOXHO MPOBOIUTH Ha BO3AYXE NpH aT-
MOC(EpHOM IIaBIICHHH, B BaKyyMe H JIaKe B JKHIKOCTH.
Puc. 3 wumoctpupyet Bo3moxkHoctn C3M nipu nccneno-
BaHUM MOJICKYJISIPHOIO CTPOCHUS TAaKHX XHMHYECKHX
BEILECTB Kak OeH3ouna (a) n nomudtriiena (0) [2].

b

Puc. 1. BHenHmii BU 37IEMEHTOB CKaHUPYIOIIETO 30HI0BOTO
Mmukpockona Mucrturyra meramtopmsnka HAH Yipaunst s
KOMILTEKCHOTO UCCIIEI0BAHMS HAHOOOBEKTOB [8]

Puc. 2. Hagmucs "IBM™ Ha rpanu (110) MOHOKpHCTAIIIA HAKEIS
Ni u3 orenpHBIX 35 aTOMOB KCEHOHA X€, IOCIEN0BaTEIbHO
pearn30BaHHAas HAHOTEXHOJIOroM pu oMot 3012 C3M [2]

Puc. 3. BHenHue BUIBI OT/ACIBHBIX MOJICKYJT IIHPOKO
HCIIONB3YEeMbIX XUMHYECKHX BEIecTB OeH3omna (a)
u nonmoTrieHa (6), monydeHHbie Ha coBpeMerHoM C3M [2]

W3 maHHBIX puc. 3,a OTYCTIUBO BHUIHBI OOHEMHBIC
KOITbIa YIIOPSOYCHHO Pa3MEIICHHBIX MOJIEKYN OeH30ia
CeHs, a w3 puc. 3,0 — mOCIIEIOBAaTEIFHO BBICTPOCHHEIC
CH,— uenouku (“rpebemku") monmmstmiena. Murepec-
HBIM HAyYHO-HCTOPHYCCKUM (HDaKTOM SBISCTCS TO, YTO
OTKPBITHC WMCHHO KOJBIEBOW CTPYKTYPHOU (HOPMYIBI
OcH3oma OpUTO Tpom3BeneHO B 19-oM cronmeTww M3BeCT-
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HBIM HeMelkuM xuMukoM A. Kekye (1829-1896 rr.) [9].
OTOT y4eHBII MHTYHUTHUBHO NPEICTABHI TOTAA YIIIEpOJ-
HbIe Tlemn OeH30Nla B BHJE ''3MEH, Kycaromed ceds 3a
xBoct". Tak ObLTa OTKpBITA NEpBas B MHpPE KOJIbLEBas
MoJeKysipHast (opMmyna BemectBa. Kak BUIMM, MHTYH-
s ¥ BooOpakeHne yueHoro-xumuka A. Kekyse He moa-
Benu. OtmernM, uro npu nomomu C3M He Tak NaBHO
OBbLI HMCCIIeOBaH NPOLECC NMPOHUKHOBEHHS BO BPEMEHH
BUpYyCca B JKHBYHO OHonmormueckyro kierky [2]. B xome
71a00paTOPHBIX UCCIIEN0BaHN HAHOOOBEKTOB OBIIIO ycTa-
HOBJIGHO, YTO METOABl COBPEMEHHOW MaTeMaTHYecKOH
(GM3UKH HYXJAIOTCS B CEPbE3HOM pa3BUTHUHM M yTOYHE-
HHH, YYUTHIBAIOIIEM OCOOCHHOCTH HAaHOOOBEKTOB [3].

2. OCHOBHAS KITACCU®UKALINA 1 HEKOTOPBIE
XAPAKTEPUCTUKU HAHOMATEPHUAJIOB
BaxHoli cocraBitoniell HAaHOTSXHOJIOTHM, HCCIIC-

JIYIOITUX MaJlopa3MepHbIe OOBEKTHI B AMana3oHe oT 1 1o

100 =M™, sBiseTCs pa3paboTKa U CHHTE3 CaMUX HaHOMAaTe-

puanoB. Ha ceromHsmiauil 1eHb B 00JIACTH HAHOTEXHOJIO-

raid cOPMHUPOBATIOCH JTBA MOIIHBIX HAIIPABIICHUS B CHH-

Te3e Heopranmdeckux HanomarepuanoB [4]. Tlepsoe

HaTpaBJICHUE — MOJTYYCHHUE HAHOKPHCTAUTUICCKUX MaTe-

pHAlIOB Ha OCHOBE YIBTPAAUCIICPCHBIX YACTHI[, KOTOPHIC

YCIIOBHO MOXKHO Ha3BaTh "Hanomamepuanramu 1-20 po-

0a". DTOT poa HAHOMATEPHAJIOB MOXKHO IOTYyYaTh B 3a-

MKHYTBIX KOHCEPBATHBHEIX CHCTEMax W IPOIECC HX I0-

Jy4CHUS MOXKET OBITH OMVICAaH B paMKaxX IPEICTaBICHUN

KIIAaCCHYIECKON TepMOIUHAMHKH. BTOpoe HampaBieHue —

MONyYCHUE CHHEPreTHYHBIX  HAHOMATCPHANIOB  WIIH

"Hanomamepuanos 2-20 pooa", n3ydaeMbIX HOBOW 00Ja-

CTBIO HAayKH, Ha3biBaeMoi cuHepreruka [4]. B atom ciy-

Yyae TPOIECC CHHTE3a HAHOMATEPHAJIOB JIOCTHTACTCS B

JIUCCHTIATHBHBIX CHCTEMAaX M B OKCTPEMAIIbHBIX YCIOBHUSX,

BEChMa JTAJICKAX OT TCPMOJMHAMUYCCKOTO PABHOBECHS.

[Tpu 3TOM B MaTepuaie BO3MOXHO MPOTEKAHUE CIIOKHBIX

Y MaJIOM3YYCHHBIX HA CETOJHS CaMOOPTaHU3YIOIIUX IIPO-

[IECCOB, B PE3YIbTaTe KOTOPHIX BOSHHUKAIOT PaHEe HE CY-

IICCTBOBABIIKEC B TIPUPOJC HAHOCTPYKTYpHL. OTMETHM,

9TO B OOJIACTH HAHOTEXHOIOTHHA TPOOIeMON camoopra-

HU3YIONIMX IPOIECCOB B HAHOBCIICCTBE 3aHUMAECTCS CY-

npamosiekysspaas xumus [2, 3]. Janubiii pa3men Xxumuu

M3y4aeT HE OTACIbHBIC MOJEKYJBI, a B3aMMOJACHCTBUS

MEXIy MOJCKYJIaMH, KOTOPBIE CIIOCOOHBI YITOPSIOYUTH

MOJICKYJTBI BEIECTBA OMPEICTEHHBIM CIIOCOOOM, CO37a-

Basi HOBBIC MaTEPHAIBI C HOBBIMHU XapPaKTEPUCTHKAMHU.
Hanomamepuanwt 1-20 pooa w3BecTHBI TOCTATOYHO

JTABHO W HAIUIA IMHUPOKOE MpuMeHeHue B Kouie 20-ro

CTOJICTUSI B TIOPOIIKOBOW Metainryprun. Eme B 70-x To-

Jlax IpouuIoro Beka coBerckuil akagemuk U.B. Tananaes

BIICPBBIC TIPSIJIOKIUT JIOTIONHUTH KITACCHYCCKUE JHia-

rpaMMbl COCTOSIHHSI BEIIECTBA MOKa3aTteiaeM (KOOpauHa-

Toi) ero mucnepcHoctu [4]. Ux (3THX MaTepuaiioB) HO-

BEIC (PI3UKO-MCXAaHHUUYECKUEC CBOWCTBA 0a3UpyIOTCS Ha

M3BECTHBIX pa3MepHBIX d(d¢dekrax. Bemp ¢ ymeHbIIeHHEM

pa3MepoB YaCTHIl BEIIECTBA B 3aMKHYTOW CHCTEME TIPO-

HCXOIUT YBEIMYCHHUE WX YACIGHOW TOBEPXHOCTH, YTO

MIPUBOJUT K YBEIUYCHUIO CBOOOIHON SHEPTHU CHCTEMBI

P TIOCTOSTHHBIX 3HAYCHUSIX TEMIICPATYPHl, NABJICHUS H

obbema BemiecTBa. [Ipu 3ToM B ypaBHEHHE CBOOOIHOMN

SHEPTUU CUCTEMBI BBOJMTCS JOMOIHUTEIFHOE ClIaracMoe,

SIBIITEOIIICECST  TIPOM3BEICHUEM KOX(PQPUIIMCHTa ITOBEpPX-

HOCTHOW SHEPIWH Ha BEIMYMHY MPHPOCTA IUIOMIATH I10-

BepxHoctH [4]. BenencrBre yero B 3aBUCUMOCTH OT CTe-

TICHA JHUCIICPCHOCTH YAaCTHI] BEIICCTBA MOXKET U3MECHSTH-

csl TEMIIEpaTypa ero IUIaBJICHUS Wik moauMopdHoro da-

30Boro mepexona. Okas3aloch, YTO 3HAYCHHE YICITBHON

MOBEPXHOCTH YAaCTHUI[ BEIIECTBa PE3KO BO3PAcCTacT o
Mepe HPHOIKEHHS MX Pa3MepoB K HAHOMACIITAOHOMY
ypoBHIO. CBSI3aHO 3TO CO 3HAYUTEIILHBIM YBEIMYCHHEM
JIOJTY MOBEPXHOCTHBIX aTOMOB BEILECTBA MO OTHOIICHUIO
K ITOJJTHOMY YHCITy aTOMOB, COCTaBIISIFOLIMX 3TH YaCTHIIBI.
MHOrOYHCIICHHBIE ~ JKCIIEPUMEHTHI  TI0Ka3ajd,  4YTO
YMCHBILICHUE PAa3MEPOB YACTHUI[ MPUBOIUT HE TOJBKO K
VBEIIMYCHUIO UX YJICNbHOW MOBEPXHOCTH U CBOOOIHOM
9HEPTUH, HO U K M3MEHEHHIO JPYTHX (PU3UUECKUX U XU-
MHYECKHX CBOMCTB MaTepUaJioB (HAaIpHMep, MarHUTHBIX,
JNIEKTPUYECKUX, CBEPXIPOBOJISIIINX, MEXAaHUYCCKUX, OIl-
THYECKHX, KATAJIUTHYSCKUX U 1p.) [4]. OnbITHBIM myTeM
OBLJIO YCTAHOBIICHO, YTO pa3MepHbIe d(PPEKTHI IIsi HAHO-
MaTepuaioB 1-ro poma peanu3yrTCs MPH TeoMeTpHde-
CKHX pa3Mepax 3JIEMEHTOB CTPYKTYPbI (3epeH) KOHJCH-
cupoBaHHOM (a3el BenectBa MeHee 100 M [2-4]. Crano
MOHATHBIM, YTO OTJEJibHbIC (MHIMBUAYAIbHBIC) HAHOYA-
ctuusl (puc. 4) OTIMYAKOTCS M OT CBOMCTB MaKPOCKOIHU-
4eckol (asbl BEIIeCTBA M OT CBOICTB H30JMPOBAHHBIX
aToMoB (MoJIeKyi) uX (3TH HaHOYACTHLBI) 0OPa3YIOIIUX.
Kpowme Toro, BeISICHWIACH U Apyrasi BaxkHasi 0COOCH-
HOCTh HAHOYACTHI] — CIIOCOOHOCTH IMPOSIBIICHUS UMH HO-
BBIX CBOWMCTB KaK B M30JHPOBAHHOM COCTOSHHH, TaK U B
KOHCOJIMJJUPOBAHHOM COCTOSTHHHU TIpU 00pa30BaHHU BMe-
CTe C IPYrMMH HAHOYACTHULAMH HAHOKPHCTAJLTHYECKOTO
marepuaia [4]. [losToMy i HaHOMaTepuanoB 1-ro pona
pOJIb CPEIHEro TeOMETPUYECKOro pa3Mepa CTPYKTYpHI
TOTrO WIH MHOTO HaHOKPUCTAJUIMYECKOr0 MaTepHaia sB-
JIsieTCsl TJIAaBHOM M Kito4yeBoil. ['eomerpuueckuii pasmep
JJIeMEHTa BHYTPEHHEW HAHOCTPYKTYpHI (3epHa MM HaHO-
KPUCTAJUTUTA) JUISl STHX MpPEACTaBUTENCH HaHOMaTepHa-
JIOB OKA3aJICsl COM3MEPUMBIM C HEKOTOPBIMH XOPOLIO H3-
BECTHBIMH B KJTACCUYECKOW (DH3UKE XapaKTEPHCTUYCCKU-
MU pa3MEpHBIMHU TapameTpaMu (Hampumep, ¢ JTHHOU Ao
cBoGoHOrO mpobera 31eKTpona B TBepaoM tene [10]).

Puc. 4. BremHuii BUI peAcTaBUTENICH HAHOMATEPHAIOB
1-ro poa — yIbTPaAUCIIEPCHBIX HaHOYACTHIT aroMuHus Al,
norydeHHsii Ha C3M
(ceBa BBepxy man macirrab — 180 mum) [4]

VYkazaHHbIC BbIIE (HU3HUECKUE MIPEACTABICHUS CTa-
JI1 Ha CErOJjHA Hay4YHO-TEXHHYECKON OCHOBOW AJIS MOJIY-
YEHUs] MaKpPOCKOIMYECKUX KPUCTAUIMYECKUX HaHOMAaTe-
puasnoB 1-ro pona, nmpexHa3HAYSHHBIX IS IPAKTHYECKOTO
KOHCTPYKLIIMOHHOTO TIpUMEHeHus. Bricokue ¢usnko-
MEXaHUYECKHE XapaKTEPUCTHKH HTHX HAHOMATEPHAIOB
CYILIECTBEHHO 3aBUCAT OT I'€OMETPUUYECKOrO pazmepa 00-
pasyrommx ux 3epeH (KpuctamuutoB). OTMETHM, YTO JUIs
MOIYYCHHUs TAKUX HAHOMATEPHAJIOB HCHONB3YIOT [3, 4,
11]: KoMOakKkTHpOBaHWE HAHOIIOPOIIKOB METOAAMHU IO-
POIIKOBOM METAUTYpTuH; KPHUCTAUIU3AINI0 O00BEMHBIX
aMOp(HBIX CIUIAaBOB; HMHTEHCHUBHYIO IUIACTHYECKYIO Je-
(opMaryio; SBJICHUE 3JIEKTPUYECKOrO B3pbIBA METAIIH-
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YECKHX NMPOBOIHUKOB; Pa3JIMYHbIE METO/IbI HAHECEHHS Ha
TIO/ITIOKKY HAHOCTPYKTYPHBIX MOKpbITHH. Cienyer yka-
3aTh, YTO K HACTOSIIEMY BPEMEHH 3a CUET CO3JaHUs 00b-
E€MHBIX HaHOKPUCTAJUIMYECKHX CTPYKTYpP W IPHUMEHEHUS
HaHOMaTepHajloB 1-To poja CyIIECTBEHHO ITOBBIIICHEI
CBOMCTBa pPsAZa KOHCTPYKIIMOHHBIX MaTepHajoB JUIS Ma-
IIMHOCTPOCHHUS Ha Oa3e craiyield, alFOMUHUEBBIX CIUIABOB,
THTaHA U €ro CIUIABOB, KEPAMUK M MHTEPMETAJUTUIOB [2,
4]. DTOT BUI HAHOMATEPHAJIOB HAILEJ BEChbMa LIMPOKOES
NIPUMEHEHNE TaKke NpH MOIU(HKAIMK TTOBEpXHOCTEH
W3JIEIMH MAIIMHOCTPOEHMS, KOTJa HAaHECEHHbIE HAa HUX
HAHOCTPYKTYPHBIE HOKDPBITHS BBIMOJIHSAIOT aHTUKOPPO3H-
OHHBIE, YIIPOUHSIOUINE U JEKOPaTHBHBIE (DYHKIIIH.
Hanomamepuansl 2-20 poda paguKaibHO OTJINYa-
I0TCS OT HAaHOMAaTepUaJIoB 1-TO poia Kak 1Mo CBOMCTBaM,
TaKk ¥ IO CBOEMY BHYTPEHHEMY ITOCTPOEHMIO. JlaHHbIE
MaTepHalbl HE TOIBKO MMEIOT YAbTPaIUCIEPCHYIO BHYT-
PEHHIOIO CTPYKTYpy, HO M B pse CIy4aeB IOPSIOK
YKJIQJIKA B HAX aTOMOB BEIIECTBA HE MMEET aHAJIOIOB B
npupoje. Y4YeHbIMH OBbIJIO YCTAHOBJIEHO, YTO HaHOMAaTe-
puansl 2-ro poJa MOTYT BO3HHKaTh B JWCCHIATHUBHBIX
cucTeMax MpH OJHOBPEMEHHOM BBINIOJHEHUH CIEYIO-
IIMX YeThIpex ycIoBuil [4]: BO-TepBBIX, HCHOJIB3yeMas
JUTSl MX TIOJYYEHHUS] CHCTeMa JIOJDKHA OBITh TePMOJMHAMHU-
YECKH OTKPBITOW (B ITOH CHCTEME JTOJDKHBI IIPOMCXOIHUTh
nporecchl 0OMEHa SHEpruell M BEIeCTBOM C OKPYXKalo-
HIei BHEIHEH cperoi); BO-BTOPBIX, paccMaTpuBaeMas
cHcTeMa JIOJDKHA OBITh CYILECTBEHHO HENMHEHHOH (Tipo-
LIECCHl B 3TOM CHCTEME JJOJDKHBI ONMCHIBATHCS HEJIMHEH-
HBIMH YPaBHEHWSIMH COCTOSIHHS BEIIECTBA); B-TPETHHX, B
JTAHHOW CHCTEME OTKJIOHEHHE OT DPAaBHOBECHS JIOJDKHO
NPEBBIIATh HEKOTOPOE KPHUTHYECKOE 3HAa4YeHHE; B-
YETBEPTHIX, MPOUCXOAAIINE B YKA3aHHOHW CHCTEME MaKpo-
CKOITMYECKHE MPOLECCH JJODKHBI IPOMCXOANTH COTIIACO-
BaHHO. Ocoboe MeCTO B 3TOM KJlacce HaHOMAaTepHajoB
3aHSUI UCXOIHBIA M XOPOIIO BCEM HaM W3BECTHBIH MaTe-
puan — zpagpum (yrnepox) ¢--C [3, 6]. IIpu u3menpuennm
rpaguTa TEM WIH HHBIM CIIOCOOOM MOXKHO IOJYYHTh
rpaduTOBBI HaHOMOpPOMIOK. HaHo4YacTHIBI W HAaHOKpPHU-
CTaJUTBI TAKOT'O IOPOIIKAa OYAYT YHACIEAbIBaTh KPUCTAI-
JIMYECKYIO CTPYKTYpY Makporpadura (MacCHBHOTO KycKa
rpa¢ura), ©3 KOTOPOro MX mony4win. /I3 HaAHOMOpPOIIKO-
BOTO rpaduta MOXKHO METO/IaMH TTOPOIIKOBON METaJIIyp-
TMU CI€Yb MACCHBHBIH HaHOCTPYKTYpHBIH rpadur ¢ Ho-
BBIMU (DPM3MKO-MEXaHMYECKUMH cBoiictBamu. Ho aroro,
KaK yCTAaHOBWJIM Y4YCHbBIC-HAHOTEXHOJIOTH, MOXXHO M HE
nenath. Kak oka3asioch Ha IPaKTUKE YHUKAIHHBIMU CBOM-
cTBaMu 00JIalaeT HaHOMATepHall, CO3IaHHBIH HAa OCHOBE
omHOro rpadguroBoro ciost (OJHOrO CIO0S aTOMOB rpadu-
Ta). JTa cyneproHkas ruieHka (rommunoi mopsaka 0,1
HM) TOIy4nia Ha3Banue “zpagpen” [3, 4]. BrepBbie rpa-
¢den Obu1 monydeH B okTsaOpe 2004 roma B mcciemoBa-
TENBCKOM JlabopaTopun MaH4YecTepCKOro yHHBEPCHTETA
(Anrmms). Ipaden pusmdecku crabuneH, rubOK, MEXaHu-
YECKHM IPOYCH M NPOBOJUT 3JICMEHTapHbIE HOCHTEIN
JJIEKTPUYECTBA — CBOOOIHBIC 3JIEKTPOHBI, 00YCIaBIIMBa-
IOIIMe B HEM DJIEKTPUYECKUH TOK IpoBoamMocTu. [Ipu-
YyeM, DJIEKTPUYECKHE CBOWCTBA rpadeHa OKa3alluCh BECh-
Ma HEOOBIYHBIMH. B IpONIIOM pOCCHHCKMMHU YYEHBIMH-
¢msukamu Angpeem ['eiimom n Koncrantnnom Hosoce-
JIOBBIM OBUTO OOHApYXEHO 3aMedaTelIbHOe CBOIMCTBO Tpa-
(heHa — cOCOOHOCTD M3MEHATH CBOE JJIEKTPUYECKOE CO-
NPOTHUBJICHHE TIPH MPWIOKEHUN K HEMY JJIEKTPHYECKOTO
nonst [13]. Ilo MHEHHIO MHOTUX 3apyOEXKHBIX YUYEHBIX
0OHapy>KEHHOE CBOWCTBO rpad)eHa OTKpPBIBAET B 00JacTH
SNIEKTPUYECTBA M NPEe0OpPa30BATEILHOM TEXHUKH HOBYIO

3py — 3py TpadUTOBON MOTYNPOBOIHUKOBON 3JIEKTPOHU-
ku [13]. Ha B3rmsig aBTopa, TAKOro 3aMeyaTebHOro JIICK-
TPUYECKOTO CBOWCTBA OT OAHOW M3 (hOPM XMMHUECKOTO
3JIeMeHTa YriIeposa ¢ -C IPOrHO3MPYEMO CIICI0BAIO0 BbI 1
0XHIaTh. Belb 3TOT 211eMEeHT NMPUHAUICKUT K YETBEPTOI
rpynme nepuoaudeckoil cucremst aementos J. M. Men-
JiefieeBa, T/I€ PacIioiOXKEHBbl TaKHWe INMPOKO W3BECTHBIC
HOJYIIPOBOIHMUKOBBIC MaTEepHaibl Kak KpeMHHH Si u rep-
manuii Ge [6, 14]. BaxkHo yka3aTh, 4TO 3a IOIXyd4CHUC
IByMepHOH rpadurToBoii 1wieHku (rpadeHa) u 3KCIepH-
MEHTaJIbHOE U3y4YEHHE ee CBOMCTB HalM OBIBIINE COOTE-
gectBeHHUKH A. ['eiim 1 K. HoBocenoB Ob1TH yIOCTOCHBI
Ho6enesckoit npemun 110 ¢usuke 3a 2010 rox [13]. Eme
Oonee ynuBUTENbHBIE (PU3NKO-MEXaHUYECKHE CBOICTBA
rpadeHa TPOSIBISIIOTCS INIPU CBOPAYMBAHUK €r0 MOHO-
ATOMHOHU TI0 TOJIIMHE CYNEPTOHKOW IUICHKH B TomoOue
"HaHOCBUTKA" — y2iepoonou nanompyoku (puc. 5).

Puc. 5. Monenu naeanbHBIX YTIIEPOJHBIX HAHOTPYOOK
JaMeTpoM okoio 1 HM u mmiHOHM 10 1 MM pasmidaHoi
XHUPATBHOCTH (BBEPXY — BUI COOKY, 8 BHH3Y — BHI C TOpIa),
OTKPBIBILHX B HAYKE U TEXHUKE HOBBIH KIIACC HAHOCTPYKTYPHBIX
MaTepHaioB — HAHOMATEpUajIoB 2-ro posa [4]

3aMeTHM, YTO TaKue YriiepoaHble HAHOTPYOKH ObLIH
BIICPBBIC B MHUpE CHHTE3MPOBAHBI SITIOHCKUM YYCHBIM-
¢uzukom C. Ummma [3, 4]. Tpu atom onu (3110 yriepos-
Hble TpyOKH) ObLIH MONYYEHBI B TEPMOANHAMUYECKH OT-
KPBITOH 3JIEKTPOPHU3MUECKON BYXINEKTPOIHON cucTeMe
¢ Tpa(UTOBBIMHU DJIEKTPOAAMH IPH JYTOBOM 3JICKTpUYE-
CKOM pazpsiie MEeXIy HHUMH B HPHUCYTCTBUH WHEPTHOT'O
raza aprona [2, 4]. OrMerum, 9TO YIJIIEPOIHBIC HAHO-
TpyOKH CTajy MEPBBIM CHHEPreTHYECKMM HaHOMaTepHha-
JIOM, TIOJYYEHHBIM B JUCCHIIATHBHON CHCTEME B yCIIOBH-
SIX HepaBHOBecHOTO (pa3oBoro mepexosna B Bemecrse. Ha
puc. 6 puBeCH BHEUIHNI aKCOHOMETPUUYECKUI BH] U3-
HYTPH MOJIETIN WICAIILHOM YIIIepOIHON HAaHOTPYOKH.

Merautopu3nKy 1 CennanicTsl U3 oonacti Husu-
KA TBEPJIOro Tella YCTAaHOBWIHM, YTO YIVIEPOJHOM HaHO-
TpyOKe HEeT MecTa Ha PaBHOBECHOW (ha30BOH Iuarpamme
yriepona ¢ °C B KOOpIAMHATAX "[aBICHHE — TEMIIEPATY-
pa". CnoxHOe NMPOCTPAHCTBEHHOE CTPOEHHE ITOJ00HBIX
HAaHOMAaTEpPHAJIOB HE OMNHCHIBACTCS CYIIECTBYIOLINMHU
TIPE/ICTABIICHUSIMA M TEOPHSIMH COBPEMEHHOW Kilaccuye-
cKoi kpucTamutorpadguu. IToT heHOMEH B (DU3UKE TBEp-
JIOTO Tejla TMONYYHJI HAa3BaHHE ' KPHCTAJUIOrpapuIecKon
karactpodsr” [4]. K Hacrosmemy BpeMeHH B MupE yde-
HBIMU-HAHOTEXHOJIOTaMH 9KCIIEPUMEHTAIBHO TOIYYCHO
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JIOCTaTOYHO MHOIO HaHOMAaTepuajoB 2-ro poxa [3, 4]
MHOT'OCJIOHHBIE YIIIepoHbIe HAHOTPYOKH; HaHOIPOBOJIO-
K, KOJUTOMIHBIE MUKpPOC(EpBl; Marn4ecKhe KiacTepbl U
CHHpAJIH; JIYKOBUYHBIE CTPYKTYPbI; HAHOYACTHUIIBI B BUJIC
"xoneca" (puc. 7) u ap.

Puc. 6. Moznesnp HaHOMaTepraia 2-ro poaa — UACATbHOI
YIIIEPOHON HAHOTPYOKH JHaMeTpoM A0 1 HM, TONIMHOM
crerku 10 0,1 M 1 mmHO# 10 1 MM (BHI U3HYTPH TAHHOTO
HAHOOOBEKTa, COEPIKALIETO B CTCHKE [IPABUIIbHBIC
[IECTUYTONBHUKH) [4]

B nacrosmiee BpeMsi OHUM M3 HanbOoliee mepcrex-
TUBHBIX HAHOMATEpHAJIOB 2-TO poja B 00JIaCTH HaHOTEX-
HOJIOTHH SIBJISIETCS TOT, KOTOPBIA OasupyeTcss HA yrie-
POAHBIX HAaHOYACTHILAX IApOOOpa3HON CTPYKTYpHI, II0-
JIy4uBINMX Ha3Bauue "@yunepenos” [2-4, 12]. Ha puc. 8
NIPE/ICTaBIIeH OOIIMIA BHA MOJENIHN HieabHOro (yIurepe-
Ha, comepxkamero 60 aToMoB yrirepona g 2C u 0603Haua-
emoro B HaHoTexHoyoruu Kak Cg. JlaHHBIE aTOMBI B
¢ymiepeHax pacHolioXKeHbl Ha cdepe ¢ ANaMeTpoM Ipu-
OJM3UTENBFHO B OIMH HAHOMETP, HAIOMHHAIOIIEH MHE KaK
CIOpTHBHOMY Oonenbmuky (GyroonpHbIi Msu. Dymiepe-
HEI, KaK HOBas (hOpMa CyIIECTBOBAHHS Yriepoxa ¢ C B
OPHpPOJIE HAPSIY C JABHO M3BECTHBIMU ero hopmamu (ai-
Ma30M U rpaduToM) U KCTATH €ro ¢ANHCTBEHHAS! PacTBO-
pumast dopma, 6 otkperter (H. Kroto, J. Health, S.
O'Brien, R. Curl, R. Smalley, 1985 rox) mpu mombITKax
acTpOH3UKOB OOBSCHUTH CHEKTPHI MEX3BE3THON TBUIH.
YkaxeM 37eCh OIHy HHTEPECHYIO HayIHO-UCTOPHYECKYIO
JeTab. YIOMSHYTbI Hamu B [15] Beimarommiics Hemer-
Kuii (poccuiickuit) MaTeMaTHK U MexaHuK 18-ro cronerust
JI. Diinep B CBOMX MaTeMaTHYECKHX COYMHEHMSX (Teope-
Max) B CBOE BPeMsl [TOKa3al, 4TO aTOMbI Yriepoaa B CBO-
NX KPUCTALIMYECKNX IMOCTPOCHHSIX MOTYT 00pa3OBBIBATH
12 mpaBuIBHBIX TATHYTOIBHUKOB M 20 MpaBWIIBHBIX IIIe-
CTUYTONIBHUKOB [2]. DTH pe3ymbTaTsl MaTeMaTHUCCKHX
uccnenoBannit JI. Diinepa, kak 0Ka3aioch B HajdbHEHIIIEM
(aBTOp Ha 3TOM IpHMeEpe emnle pa3 yOoeKaaeTcs B TOM, 4TO
KaK BCE B MHpPE B3aMMOCBA3aHO!), HMEIOT OIpeIeIeHHOE
OTHOIIIEHHE K Ha3BAHMIO pacCMaTPHUBAEMOTO B 3TOM IOJ-
pa3nene HaHomartepuana. HoBas cdeprdeckas HaHOMO-
nexyna-HaHodactuna yriepopa Cgo (dymrepen) Obuta
Ha3BaHa B 4ecTh apxurekTopa P. @ymnepa, mocrponsire-
TO JKWJIOW JIOM M3 IISTHYTOJIBHUKOB M IIECTHYTOJILHUKOB
Diinepa [2, 12]. Yuensimu GbUIO yCTAHOBICHO, YTO (yIi-
JIEpeHBI MOTYT BCTYNATh B XUMHYECKHE PEakIuyd 1 oopa-
30BBIBaTh CaMble pa3INdHbIC HOBBIC M HEM3YYCHHBIE CO-
€IMHEHUS] C HOBBIMH (HM3MYECKUMH W XHMHYECKHMHU
cBoiictBamu. DymepeHs Takke MOTyT 00pa3oBHIBATH U
paznuunble onuMepsl. OtvernM, uto B 1990 roxy B Mu-
pe Obula m300pereHa TexHOMOrus ux ((yHIepeHOB)
KpymHOMacmtabuoro mpoussonacTsa [2]. Baxuo orme-
TUTb, YTO 33 IKCIEPHIMEHTAIEHOE OTKPBITHE (YIUIEpPEHOB
Kapi P., Kporo I'. u Cmomnu P. 6smr ymocroenst HobGe-
neBckoil mpemun o xumuu 3a 1996 rox [5]. Hanomonre-

Kynsl yriepoga Cgo, B CBOIO OYepeilb, MOTYT 00pa3oBaTh
KPUCTAILT (hy/iiepuma ¢ TPAHSICHTPUPOBAHHOM KyOude-
CKOIi PEIIETKOM U TOCTATOYHO CIabbIMU MEXMOIEKYIISP-
HBIMU CBsi3siMu [2].

Puc. 7. Monenp HaHOYACTHIIBI BemecTBa B opme "'koneca',
OTHOCSIIEHCSI K HaHOMaTepuanam 2-1o pona [4]

B kpucramie nox HazBaHueM (YJUIEPUT HMEKOTCS
OKTadAPUYCCKUE U TETPAIAPUICCKUE TIOJIOCTH, B KOTOPBIX
MOTYT HaXOIHTHCS [TOCTOPOHHUE aTOMBI (ATOMBI IpHME-
cr). Ecnu okrasipudeckue monoctTi B yJUIEpUTE 3armo-
HEHBI TOJIOKHUTENBHO 3aPSHKCHHBIMA MOHAMH ILETIOYHBIX
MmeramutoB (Hampumep, kamusa K, pyoumus Rb, nesus Cs),
TO TpU TeMmIieparypax Huwke komHatHou (Hmke 20 °C)
BHYTPEHHSS CTPYKTYpa 3THX BEILECTB [IEPECTPAUBACTCS U
oOpa3yercss HOBBIH momuMepHbld MaTepuan tuna 1Ceo.
Eciu 3anmonauth B Qyswiepute u TeTpadipuyuecKue MoJio-
CTH, TO 00pa3yercs CBEpXMPOBOILIMA MaTepHall THUIIA
3Ce ¢ KpurHyeckoii temmeparypoit Tc B 20-40 K [2].
OTMeTHM, YTO B HACTOSIIEE BPEeMsl aKTUBHOE H3YYCHHUE
CBEPXIIPOBOIIIMX CBOWCTB (Y/UICPUTOB IMPOBOIUTCS B
HHcTuTyTe TeOopeTH4YecKoil (DU3MKH, HOCAIIEM HMS BBI-
Jaromierocsi Hemenkoro (usuka-reopernka Makca Ilinan-
ka (1858-1947 rr.), B r. llltyrrapre (I'epmanms) [12].

Bricokass MEpOBasi aKTHBHOCTh B 00JIACTH HAHOTEX-
HOJIOTHI U B CTUMYIHPYEMON UMK HOBOI 00JIaCTH XUMUH
— CYNpaMOJICKYJISIPHON XMMHH, 3aHHMAIOIICHCS pa3pa-
0OTKOM, CHHTE30M ¥ HCCJICIOBaHHEM HAHOMATEPHAJIOB 2-
ro poja, mpuBena K Tomy, u4to yxe k 1997 rogy B mupe
HacuuThBaiock Oomee 9000 pasHOBUmHOCTEH dymiepe-
HOBBIX coexunenuii [2,12]. B 4eM jxe 3aKirovactcst yHH-
KaJIBHOCTh HaHOMaTepuanoB 2-r0 poxaa? OCTaHOBHUMCS
HIDKE BKpATLE JIMIIb HA TPEX X BAXKHBIX CBOWCTBAX, yKa-
3auHbIX B [2]. Ilepsoe ceoiicmeo — mexanuueckas
C6EPXNPOUHOCHLD. Tak kaKk CBSI3U MEXIy aTOMaMH yrie-
pona g “C B TOHKOM Ipa(UTOBOM CJIO€ SBJISIOTCS CAMBIMH
CHJIBHBIMU CPEIM M3BECTHBIX YYCHBIM, TO Oe3neeKTHBIC
yIIIepoHbIe HAHOTPYOKH HA JIBa MOPSAKA OyIyT poYHee
TpyOOK M3 MeTaiunueckod cranu. [Ipu 3ToM BIOOABOK
OHH II0 Becy OyAyT NMPHMEPHO B YETHIPE pasza Jierde Mx
cTajbHBIX "cectep”. B 3T0il CBsI3M 0HON M3 BasKHEHIINX
3a7a4 HAaHOTEXHOJOTMH B OOJIACTH TOJyYEHHS HOBBIX
YIIIEPOAHBIX HAHOMATEPHAIIOB SBJISICTCS CO3JaHUE HAHO-
TpyOOK HeorpannueHHoi (“OeckoneuHoi') mmHsl. W3
TaKUX YIJIEPOJHBIX HAHOTPYOOK MOXXHO OyIEeT M3roTaB-
JMBATh JIETKHE KOMIIO3UTHBIC MaTepualbl MNpeneiIbHON
MEXaHHYECKOH MPOYHOCTH A1l MOTPEOHOCTEH pa3IniHOI
TEXHUKH HOBOro 21-ro BeKa, B TOM YHCIIC: CHIIOBBIX JJIe-
MEHTOB MOCTOB M WHBIX TEXHHYCCKHX COOPYXXCHHH, He-
CYIIMX KOHCTPYKIMH JIETaTEIbHBIX aIaparoB (camole-
TOB U PAKETOHOCHTEJEH), CHIOBBIX JIEMEHTOB TYPOHH U
JBHTATENEH ¢ IPEAETFHO MaJbIM YISIbHBIM TOTpeOJIeHNU-
€M TOILIHBA H JIp.
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Puc. 8. Monerns uaeansHoro GysiepeHa — IpKoro u
MEPCIIEKTUBHOTO MPEACTABUTENSI CHEPUIECCKUX YTIICPOIHBIX
HaHOYACTHII, 00Pa3yIOIMX HAHOMATepHabl 2-T0 pona [4]

3aMeTnM, 4TO B HACTOSIIEE BpeMs JIydIlINe CIenua-
JICTHI-HAHOTEXHOJIOTH HAaYYWJIMCh HM3TOTaBIMBAThH YrIje-
pOIHBIE HAHOTPYOKHM [IMHOM BCETO B COTHU MHKDPOH (110
1 MM) npu uX AMaMeTpe MOpsIKa OJHOrO HAHOMETpA.
Bmopoe ceoiicmeo — 6vicokaa neKmpuueckas npoeo-
oumocmp. VI3BeCTHBIM B KiaccHyecKod (usuke akTom
SIBJISIETCS TO, YTO B KPUCTAJIIMIECKOM Tpadure 31eKTpu-
YyecKasi IIPOBOIMMOCTh BJIOJIb TDIOCKOCTH CJIOST Hamboiee
BBICOKAsl CpeAM W3BECTHBIX HayKe MarepuajioB, a B
HaIpaBJICHUH, NEPHIEHANKYIIPHOM IaHHOMY CIIOIO, OHA
Mmana. ITostoMy B Hemanmekoil MepCIieKTHBE OXKHIIAETCH,
YTO TOKOHECYIHE YaCTH JIEKTPHUUECKHX Kabenel, m3ro-
TOBJICHHBIE W3 IPOJOJIBHO OPHEHTHPOBAHHBIX YIJIEPOA-
HBIX HAHOTPYOOK, Mpu KOMHATHOU Temmeparype B 20 °C
OyIyT WMETh YICNBHYIO 3JIEKTPOIPOBOIHOCTH Ha [Ba
TOpsAZIKa BBINE, YeM y KaOenell ¢ MEeOHBIMHU JKWIaMH U
obooukamMu. A pa3 Tak, TO U aKTHBHOE CONPOTHUBIICHHE
TaKUX JJIEKTPHUECKHUX Kabeneil ¢ mpoBOaSIIMMY HaHOMA-
TepUaJaMH ¥ COOTBETCTBEHHO TIapa3HUTHBIC TEIJIOBBIC
MOTEPH DJIEKTPOIHEPTMM B HUX OYAYT CYIIECTBEHHO
MEHBIIIE, YeM y OOBIMHBIX KaOened ¢ TpaauiMOHHBIMU
OPOBOUIIAMA  MaTepraiaMi (MEIbI0 M ATFOMHHHCM).
Jlemo 3meck ocTaercsi 3a HAaHOTEXHOJOTHEH, IO3BOJISIO-
el MpOM3BOANTH YIJIEPOAHBIE HAHOTPYOKH JOCTaTOd-
HOM JUIs yKa3aHHBIX IIeJel JUIMHBI U B JOCTATOYHOM KO-
nudectse. Tpemve ceoiicmeo — nanoknacmepnocms. Bo
MHO)KECTBE HAHOOOBEKTOB TPHCYTCTBYIOT CBEpPXMaJIble
YaCTHIBl — HAHOKJIACTEPHI, COCTOSIIUE M3 JIECATKOB, CO-
TEH | ThICSY aTOMOB. OKa3aJIoCh, YTO CBOKHCTBA HAHOKJIA-
CTEPOB KapJHMHAIFHO OTIMYAIOTCSI OT CBOHCTB MaKpOCKO-
MIMYECKNX 00BEMOB MaTEPHANIOB TOTO K€ COCTaBa. Brrsic-
HHUJIOCH, YTO W3 HAHOKJIACTEPOB, KaK M3 KPYIHBIX CTPOHU-
TENBHBIX OJIOKOB, MOXKHO IIEJIEHANpPABICHHO KOHCTPYH-
pOBaTh HOBBIC MaTepHaJbl C 3apaHee 3aaHHBIMU (PH3HUKO-
MEXaHWYECKIMU W XUMHYECKUMH CBOMCTBAMH M MICIIOJb-
30BaTh MX B KAaTAINTHYECKHUX XUMHWYECKHX pPEaKIusX, a
TaKKe JUISl Pa3/IeNieHus TA30BBIX CMECe M XpaHEeHUs pas-
JUYHBIX Ta30B. BonbmION WHTEpec MpencTaBisIOT Mar-
HHUTHBIE HAaHOKJIACTEPHI, COCTOSIINE N3 aTOMOB IEPEXO/I-
HBIX METaJUIOB, JAHTUHOHJIOB U aKTHHOWAOB. DTH HAaHO-
KJIacTepsl 007a/aloT COOCTBEHHBIM MAarHWTHBIM MOMEH-
TOM, YTO TMO3BOJISIET YNPABIATH UX CBOMCTBAMH C IIOMO-
IIpI0 BHEIIHEr0 MAarHWTHOro mois. IIpummepom Takoro

HaHOKJIAcTepa SIBJISETCS BHICOKOCIIMHOBAS METaJIJIoOpra-
Hugeckas Mojekyaa MngpOp(CHzCOO)6(H,0)s. D12
JIOCTATOYHO M3SIIHAsE B MUKPOAPXHUTEKTYpE MOJECKYIISp-
Hasi KOHCTPYKIMSI COCTOUT M3 YETBIPEX MOHOB MapraHma
Mn** co crmHOM 3/2, PACTIOTOXKEHHBIX B BEPUIMHAX TET-
pasapa, M BOCMH MOHOB Maprauma Mn®" co crmmoM 2,
OKpYXaIOIIUX 3TOT TeTpadap. BiammopeiictBue mexmy
YKa3aHHBIMU HOHaMH MapraHla OCYLIECTBIISICTCS HOHAMHU
KUCIOpoAa. AHTHU(QEPPOMATHUTHBIE B3aHMMOACHCTBUS
crimeoB HoHoB Mn** u Mn®* npuBoRST K ONMHOMY BechMa
GornpIIOMY CITMHY ISl 3TOTO HaHOKIacTepa, paBHomy 10.
AueraTHble TPyl U MOJIEKYJIbl BOJBI B 3TOH CIIOXKHOH
MOJICKYJIE BELIECTBA OTACISIOT HAHOKIAacTepbl MNy, Apyr
OT JIpyra B MOJIEKYJSIpHOM Kpucramwie. Bzaumoneicreue
9TUX HAHOKJIACTEPOB B PAaCCMATPHBAEMOM KpHCTAJLIe
Ype3BhIYaifHO Mayio. HaHOMarHuTHI PEeICTaBISAIOT HHTE-
pec, Ipexae Bcero, Ui MPOSKTHPOBAHUS MPOLECCOPOB,
UCIIONIB3YEeMBIX B KBAHTOBBIX KOMIIBIOTEpax. YUHUTHIBAA,
YTO PACCTOSIHHME MEXIY yKa3aHHBIMA MOJIEKYJIaMH CO-
craBisieT okono 10 HAaHOMETPOB, TO TIOTHOCTD MAMSITH B
TaKOW aTOMHOM cucTeMe MoxeT ObiTh mopsiaka 10 T'Gaitr
Ha omuH cM’ [2]. JIONONHATETBHO K 3TOMY YKaXeM TOT
BaxkHbI Hay4HbIl ¢axt, uro B 2007 roxy IMurep I'pron-
oepr u Anpoept Pept monyarnu HobexeBcKyro peMuro
1o ¢pusnKe 3a OTKphITHE U n3yuenne GMR-s3ddekra (3¢)-
(eKTa TUTAHTCKOTO MAarHUTHOTO CONPOTHBIICHUS HaHO-
MaTepHaia), TO3BOJISIONEro 3Pp(EKTUHBHO TPOU3BOIUTH
MarHATHYIO 3aIUCh TPEOYEeMBIX NAaHHBIX OOJBIIOTO 00b-
eMa Ha JKeCTKHE IIMCKH KOMITBIOTEpOB C obecredeHHeM
aTOMapHOM TUIOTHOCTH Ha HUX nH(opMarmu [2, 12].

3. OCHOBHBIE HAITPABJIEHW A MHUPOBOI'O
PA3BUTHUS HAHOTEXHOJIOI i1

AHanm3 TeKyIIero COCTOSHUSA OypHO pa3BUBAIOMICH-
Cs BO BCEM MHpE OOJIACTH HAHOTEXHOJIOTHH, BBHITOTHCH-
HBII HAa OCHOBE MIPOCMOTPEHHBIX aBTOPOM JINTEPATYPHBIX
HCTOYHHMKOB OTpaHWYEHHOTO KonmuuecTa [2-4, 7, 8, 12],
TEM HE MEHEE TO03BOJSIET BBIICIUTh B HEW CIEAYIOLIUI
PAA BaXXKHEWIINX HAYYHO-TEXHUYECKUX HAIIPABJICHUMN

o MaTtepuanoBenenne. Coznaane "0e3neeKTHBIX
MEXaHNYECKH BBHICOKOIPOYHBIX MATEPHANIOB, MAaTEPHAIIOB
C BBICOKOM 3JIEKTPUYECKOM NPOBOAMMOCTBIO M HOBBIX
HaHOMATEPHAJIOB TSI HOBOTO MOKOJIEHUS aKKYMYJISITOPOB
W COJHEYHBIX Oaraped ¢ IpelelbHBIMH SJICKTPOIHEpre-
THIeCKAMHU TokazatemsiMu. Co3JlaHue CYNEepPTOHKHX Me-
TAUTHIECKUX TIICHOK, CIYXKAIUX OCHOBOM JAJIST BBICOKO-
KayeCTBEHHBIX MAarHUTHBIX MaTEPHAIIOB.

e MouiekyasipHblil Au3ailH. MaHUNynupoBaHUE C
OTIENBHBIMU aTOMaMHU W MOJIEKYJIaMH, TpernapupoBaHHe
MMEFOIINXCS. MOJICKYII i CHHTE3 HOBBIX MOJIEKYJ C HOBBI-
MH CBOWCTBAMHU B CHJIBHO HEOJHOPOIHBIX AJIEKTPOMAT-
HHUTHBIX MOJIAX.

o IIpudopoctpoenne. Co3ganne yCOBEPIICHCTBO-
BAaHHBIX CKAHHPYIOIIUX TYHHENBHBIX MHKPOCKOIIOB,
ATOMHO-CHJIOBBIX MHKPOCKOIIOB, MAarHUTHBIX CHJIOBBIX
MHUKPOCKOIIOB, MHOT'OOCTPUHAHBIX CHCTEM JUII MOJEKY-
JSPHOTO JW3aifiHa ¥ MUHHATIOPHBIX CBEPXUYBCTBHUTEIH-
HBIX HAHONATYUKOB IUISI PETUCTPAIMU PA3THIHBIX (pr3u-
YeCKUX M OMOIOTHYEeCKUX XapaKTEPUCTHK.

¢ DuekTponnka. KoHCTpynpoBaHne HaHOMETpHYE-
CKOM DJIEMEHTHOM 0a3bl Ul BBIYMCIHUTEIBHON TEXHUKH
CIIEAYIOIIETO TIOKOJICHSI, HAHOAHTEHH, HAHOIPOBOIOB U
HaHOKabesel, HaHOTPAH3MCTOPOB, HAHOBBIIPSIMUTENCH,
JCIUIEEB M aKyCTHYECKUX CHCTEM Ha OCHOBE HOBBIX
HaHOMATEPHAJIOB.
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° SJICKTPOIIPIHHMI/IKQ. MOI[CJ'II/IPOBaHI/Ie JUHaAMUKH
aTOMOB MW MOJICKYJ B NPEACIbHO HCOAHOPOAHBIX 3JICK-
TPOMArHuTHBIX IOJAX, CO34aBACMbIX MHOFOOCTpHﬁHLIMH
CUCTCMAaMH CKAaHUPYIOHIUX 30HAOBBIX MHUKPOCKOIIOB.
Pacuer QJICKTPUYCCKUX U MArHUTHBIX CBOMCTB CHHTE3H-
PYCMbIX HAHOMATCPHUAJIOB.

e Onruka. Co3anue HAHONA3EPOB M CHHTE3 MHO-
TOOCTPUHHBIX (M3MYECKNX CHCTEM C HaHOJIa3epaMH.
N3zyduenne ruOpuaHbIX cucTeM "30HA + HaHomasep'. Mo-
JIETMPOBaHAE MEXaHU3MOB M3JIYUCHUS], PACIIPOCTPAHCHHUS
U TIOTJIOIICHUSI CBETa B HAHOOOBEKTAX.

¢ PoGotoTexnuka. Co3qanue Ha OCHOBE NPHMEHE-
HUS HAHOTEXHOJOTMYECKHMX MAaTepUalioB HAHOPOOOTOB,
obmamarommx (GYHKIUSAMHU JABWKEHHS, 00pabOTKH U Tie-
penauu HHGOpPMAIHH.

e Mexannka. lccnegoBaHue  MeEXaHHMYECKHX
HaNpsDKeHUH 1 nedopMmalyii B HAaHOMaTepraiax M HaHO-
0o0beKTax, aHaJlM3 B HHUX TpeHMs. MozaenupoBaHUE ABHU-
JKEHHH 30HIa CKAaHMPYIOHOIETO 30HAOBOTO MHKPOCKOINA
TIPY 1eJIEBOM MaHUITYJMPOBAHUN HaHOOOBEKTOM. Moge-
JMPOBaHWE JBIKEHHMH B HAHOMEXaHU3Max /Isi HaHO-
YCTPOWCTB M pacdeT HaHOMaHMITYIATOpoB. Pa3paborka
CHCTEM YIPaBJIECHHUs HAHOPOOOTaMHU.

e XuMHMYecKHH reTreporeHHblii karamms. Pazpa-
00TKa XMMHYECKHX KaTaJIN3aTOPOB C HAHOCTPYKTYPHBIMHU
KOHCTPYKIUSIMU JUIS Pa3HBIX KIACCOB XUMUYECKUX Peak-
LU CEIEKTUBHOTO KaTaJIn3a.

o Memumuna. [IpoekTrpoBaHue HAHOMHCTPYMEHTA-
pUsl UTS W3YYCHUS W YHUYTOXKCHHS BHUPYCOB, M3YUCHUE
B3aMMOJICHCTBUS HCKYCCTBEHHBIX HAHOYACTHII C TIPHPOJI-
HBIMH OHOJIOTHYECKUMH O00BEKTaMH HaHOpa3MepoB (Oern-
KaMM ¥ HYKJIEMHOBBIMH KHCJIOTaMH), MCCIEI0BaHHE BO3-
MOYKHOCTH JIOKQJTBHOTO ''peMOHTa" OMONIOTHYECKUX opra-
HOB YEJIOBEKa, M3yUCHHE HOBBIX METOAOB BBICOKOTOYHOM
JIOCTaBKH HEOOXOIWMBIX HAHOMIO3 JIGKAPCTB B OIIpEIe-
JICHHBIC MECTa KUBOTO YEIIOBEYCCKOTO OPraHM3Ma.

e dapmakoJjorusi. OCyIecTBICHHE MPOMBIIUICH-
HOTO CHHTE3a MOJIEKY Pa3sHOOOPa3HBIX JIEKAPCTBEHHBIX
cpencTB U (apMaKOIOTHUECKHX TPENapaToB YETKO OIpe-
JICTIEHHON BHYTPEHHEW HAHOCTPYKTYPBL.

e Metpoaorus. Co3maHue KOMITBIOTEPHBIX MOJIE-
ner cucreM "mpubop — HaHOOOBEKT' W WX KaIMOPOBKA.
ABTOMaTH3aLMsd HAHOMETPUYECKUX HM3MEPEHU U co3na-
HUC KOMITBIOTEPHBIX OAHKOB METPOJOTHUYCCKHUX ITaHHBIX
IS HAHOOOBEKTOB.

e TpuGoaorusi. Onpeznenenne CBI3M HAHOCTPYKTYPBI
MaTepHajoB U CIJI TPEHUS W HMCIONb30BAaHUE TUX 3HAHMIA
TIPA M3TOTOBJICHUM TEPCIICKTHBHBIX Map TPEHHS VI pa3-
JIMYHBIX MEXaHIMYECKHX H AICKTPOMEXAHIMIECKIX CUCTEM.

o Teopusi camoopranusanuu. OopmynmupoBka ¢GyH-
JIAMEHTAJIGHBIX TIPHHIAIIOB CaMOCOOPKH HAHOKOHCTPYKIH.
Co3naHne KOMIBIOTEPHBIX AITOPUTMOB CaMOCOOPKH HAHO-
KOHCTpYKumil. Pa3paboTka BEMHCIUTEHHBIX aITOPUTMOB
JUISL Ka4eCTBEHHOTO aHaJIM3a MOJENEH CaMOCOOPKH TaKhX
KOHCTpYKUMH. MozenupoBaHue sSBIEHUM POCTPAaHCTBEHHO-
BPEMEHHOM CaMOOpTaHM3aIHA aTOMOB 1 MOJICKYJI BEIIECTBA
TIPH CO3IAaHNH HAHOMATEPHAIIOB.

e Ympasasiemble saepHble peakuuu. Co3maHue
HAHOYCKOPHUTEIEH 3JIEMEHTAPHBIX YAaCTHI[ U IIPOBEJCHHUE
B (M3MKE BBICOKMX SHEPTHI HECTATHCTHUECKUX yHPaBIIsi-
€MBIX SIEPHBIX PEAKIHH.

4. YKPAMHA B MUPE HAHOTEXHOJIOT M1

CeromHsi cTano OOMICTIPUHSATHIM CBS3BIBATH OYIy-
1Iee JIo00i CTpaHbl MHpPa C TeM, HACKOJIIBKO OHa YCIICIITHO
NPOIBUTaeTCS B Pa3sBUTHU W TMPHKIAIHOM OCBOCHHHU CO-
BPEMEHHBIX HAHOTEXHOJOTHI. ABTOpHI paboTsl [8], aHa-
JM3UPYsl HBIHEIIHEE COCTOsIHUE B 00JIACTH HAHOTEXHOJIO-
TUi, CYUTAIOT, YTO OCHOBHBIM IPOPBIBHBIM HAINpaBJICHHU-
€M NPAaKTHYECKOTO HCIIOJIB30BAaHMS MAaTepHAIOB U NpHe-
MOB HaHOTEXHOJIOTHH B TEXHHUKE CIEAYeT CUHTAThH CO3/1a-
HHE HAHODJIEKTPOHHBIX NPHOOPOB. B mepmyro ouepens
9TO Kacaercsi pa3pabOTKH Ha OCHOBE HAHOMATEPHAJIOB
TPaH3HCTOPOB M MHKPOCXEM C MHOTOIUIAHOBOH HOMEH-
KJIaTypOH HMCIIONB30BAHMS B BBIYMCIUTEILHOH U MHUKPO-
BOJIHOBOM TE€XHHKE, METPOJIOIHH, U3MEPUTEILHON TEXHU-
Ke, aKKyMYJISITOpax, CONHEYHBIX Oarapesx M (oTodKpa-
Hax, a TaKkKe B MEIULMHE B YaCTH WHCTPYMEHTAJILHO
KOHTPOIHPYEMOI'0 BpadyaMH-HAHOTEXHOJIOIAaMH BXOXKIE-
HHS YeJIOBEKa C TIOMOIIbI0 HAHOYACTHI] U HAHOYCTPOMCTB
B CTPYKTYPY €ro OMOJIOTHYECKHX MOJEKYI U B MOJICKY-
JSIpHOE OHOCTPOMTENBLCTBO €r0 TKaHel u opraHoB [8]. Ha
KaKylo JK€ POJib MOXKET PacCUHMTHIBATH YKpaWHa B MHpE
HaHOTEeXHOJOrnid? OTBET Ha 3TOT IO CYTH IIEKCITHUPOB-
ckuii (ramueroBckmii) Bompoc (“BeiTh WM He OBITB?")
KpOeTcsi B COBPEMEHHOM COCTOSHHM COOTBETCTBYIOLIHX
HAyYHBIX HMCCIECIOBAHWN M HAHOPa3paOOTOK B YKpawHe.
3mech cpasy TpeOyercss OTMETHTh, YTO YKPAWHCKHE yde-
HbIe CYLIECTBEHHO OTCTaJH 3a nocienuue 20 JeT oT cBo-
WX 3apyOeXKHBIX KOJIEr W WX pPa3pabOTOK B o0OIacTu
HaHoTexHojoruii [8]. B Hamiei crpaHe Ha ceromss co-
rimacHo [7, 8] HeT He TO YTO TEXHOJOTHYECKON JTMHEWKH
CO3/1aBaeMBIX U BBIITYCKaeMBbIX HAHOMATEPHAIIOB, HO JaXe
XOTs1 OBl IOJHOI'O Psifia COBPEMEHHBIX HHCTPYMEHTAJb-
HBIX MPUOOPOB BBICOKOTO aTOMHOTO pa3pelieHHs, KOTo-
pBIe OBI TTO3BOJISITH ITYCTh Jaske Ha 1ab0paTOpHOM YPOBHE
B IOJIHOM O0BEME HAIEKHO MAaHHITYJIHPOBAaTh B IPO-
CTpaHCTBE MHKpOMHUpa B o0iactu HaHoMeTpa (06 omHOM
TaKoM IPUOOpe — CKaHUPYIOIIEM 30HIOBOM MHUKPOCKOIIE,
YCTaHOBJICHHOM HeaBHO B VHCTHTYTE MeTamo(u3uKH
HAH Vkpauusl, 6bUT0 yKa3aHO BBIINIC B Toapasaerne 1).
Tem He MeHee, clielyeT OTMETHTh, YTO B OTAENE XUMHUH
TBepmoro Tema MHctuTyTa oO0mell W HEOpPraHMYECKOM
xumrn uM. B.M. Bepragckoro HAH Ykpauus! mpu u3y-
YeHWU HAHOIPOIIECCOB B TBEPIOM TeJie ObUIH OOHapyxe-
HBl HOBBIE PEIKHE CBOHCTBA HEOPraHWYECKOTO HAHOMa-
TepHasa 1 pa3paboTaHbl Ha €r0 OCHOBE HOBBIE KepaMude-
CKHE HArpeBaTeNIbHBIC DJIEMEHTHI, HE JAlOLIUe JIEKTPHU-
YeCKON HMCKpPBI, KOTOphIe B JaJIbHEHIIeM ObLIH HCIOIB30-
BaHbl B TipoMbiienHocty [7, 8]. B Uucturyte Mertamro-
¢msukn HAH Ykpauwsel He Tak 1aBHO OBUT HCCIIEIOBAH
HOBBIN (puznueckuii 3h(HeKT B MHOTOCIIOMHON CTPYKType
"theppoMarHUTHEIA MaTepHanl — IUIEHKAa OJIaropogHOTO
MeTa/ula TOJIMHOM B eIMHHIBI HaHOMETPOB — (eppo-
marauTHBI Matepuan” [8]. K stomy cieayer nobGaButh
T0, uro B 2007 romy camasi mpecTHKHAsi B HAYIHOM MHUpE
HoGenesckas mpemust mo Qusuke ObUIa MpHUCYXICHA 3a-
pYOeXHBIM y4YeHbIM 3a OOHapykeHue d¢dpdexra rurant-
ckoro marautHoro comnpotusieanst (GMR—addekra, cMm.
noapasaen 2) IMEHHO B MOZOOHBIX CIIOMCTHIX MAaTHUTHBIX
cpelax, HalleANNX ceifiyac MaccoBoe NPUMEHEHHE B CUH-
THIBAIOLIMX M 3alUCHIBAIONIMX MArHUTHBIX TOJOBKax
JKECTKUX JUCKOB KOMIIBbIOTEPOB [2, 8]. UMmetomuiicst moka
B YKpauHE MHTEIJICKTYaJIbHbIM NOTEHLMAJ, & TAKXKe He-
CKOJIKO COXPAaHMBIIMXCS NPEANPUATHH OBIBIIETO BOCH-
HO-IIPOMBIIIUICHHOTO KOMIUTEKCA NMPU 00BEIUHEHUH CBO-
UX YCWIHMH B paMKax ()MHAHCHPYEMBIX IOCYIapCTBEHHBIX
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MIPOrpaMM O HAHOTEXHOJIOTHSM JIal0T HaM HEKHUH, XOTI U
BECbMa WJDIIO30PHBIM, HO BCE JK€ INAaHC HA HaydHO-
TEXHUYECKHUH MPOpPHIB HA OCHOBE HAHOTEXHOJIOTHH B 00-
JIACTH MUKPOBOJIHOBOW TEXHUKH, CONTHEYHOM DIICKTPOHH-
KM, METPOJIOTHH U paauoactpoHomu [8]. ABTOpsI Kpat-
KOI'0 aHAJINTHYECKOro 0030pa MO HAHOTEXHOJOTHSM H3
[8] u aBTOp MAHHOM CTATHH MMOJATAIOT, YTO HEOOXOUMbIE
MHTETPUPOBAHHBIC HAYYHO-TIPOM3BOACTBEHHBIE CTPYKTY-
pBI U1 peanu3anuy B YKpanHEe OTEUYECTBEHHBIX U 3apy-
OeXXHBIX HAaHOPa3pabOTOK MOXKHO ObLIO OBl co3JaTh Ha
6aze Mucruryra meramuopusukn HAH VYxkpaunsr, Un-
CTUTyTa o0mIel 1 HeopraHudeckoi xumun uM. B.J. Bep-
nazackoro HAH Vkpaunsl, Uactutyta dhusuku moaymnpo-
BonHuKOB M. B.E. JlamkapeBa HAH VYkpanns!, Hayano-
ro mapka "KueBckas nommrtexumka', KueBckmx OAO
"HIIIT «Carypu»" u rocymapcrsennoro HUM "Opwuon”,
Honenkoro "Tomasza", J{HEHmpoIEeTPOBCKOI'O0 MAIIHHO-
CTPOUTEIIFHOTO 3aBOJa, 3allOPOXKCKOrO  Pajo3aBoOa,
psina XapekoBckux (Hanpumep, HHIT "XapbroBckuii ¢pu-
3uko-TexHnueckuii uactutytT HAH VYkpanns:, Hanmo-
HaJIbHOTO TEXHMYECKOTO YyHHUBEpcHTeTa ' XapbKOBCKUI
MONUTEXHUIECKUH MHCTUTYT U PaguoacTpoHOMudeckoro
unacrturyta HAH VYkpaunsr), YepHoBULKUX U JIBBOBCKHX
nHeTUTYTOB. Ha Hamry "packadky” B BoOmpoce CO3IaHus
COOCTBEHHOW HAIMOHAJIBLHOM HAaHOTEXHOJOIMYECKOW 0Oa-
3Bl y HaC €cTh, MO-BUANMOMY, He Oonee 15 xer, mo ncre-
YEHHH KOTOPBIX YHIyT B HEOBITHE ITOKA €IIe CyIIeCTBY-
olmye B YKpanHe He0OXOUMBbIE IS PEIISHHUs 3TOH KOM-
IUIEKCHOW HAaYYHO-TEXHHUYECKOH TpOOJIEeMBl HaydHbBIE
IIKOJIBI ¥ MH)KEHEPHO-TIPOM3BO/ICTBEHHBIE KOJUIEKTHBHI,
YMEIOIINE CO31aBaTh M BBIITyCKaTh KOHKYPEHTHOCIOCOO-
HYIO B MHPE TIPOAYKIIHIO.

5. HEKOTOPBIE COBPEMEHHBIE JJOCTWXEHW S
B HAHOTEXHOJIOT'UAX

MexXayHapOIHBIH OIBIT B 00JIACTH HAHOTEXHOIIOTHIA
TIOKa3bIBAET, YTO OCOOYI0 BaKHOCTH JUIS HAHOTEXHOJIOTH-
YEeCKMX pa3pab0TOK WMEIOT HaydHble HAaIOHAIBHbIC
HaHOTEXHOJIOrnIeckre nporpammel. Ha ceromms 6omee 50-
1 Pa3BUTHIX CTPaH MUpa OOBSIBUIIN O CTapTe COOCTBEHHBIX
HAHOTEXHOJIOTMYECKUX TporpamMM. B aTom crucke ctpan
HenaBHO nosBwIack M Poccmiickas @enepanms, HO, K
HameMy OOJIBIIOMY COXKaJICHHIO, B HEM MO-NIPEKHEMY HET
VYkpaunsl. Kakue ke mpoBepeHHbIE TPAKTUKOH TOCTIOKE-
HUS y’K€ MOXKHO YBEPEHHO OTHECTH B aKTHB HAHOTEXHOJIO-
ruii? Cpean HUX clielyeT Ha3BaTh CIEyIOIIne TeXHHYe-
ckue u300peTeHmst 1 HaHopaspaboTku [2, 12]:

e I'paghen — mocknii MOHOCIIONH aTOMOB YTJIepoja
6'°C, umerommii Tonmuuy nopsaka 0,1 um [2-4]. Tpaden
00J1aiaeT BBICOKOH MEXaHMYECKOH MPOYHOCTHIO U TO-
JIBIDKHOCTBIO CBOHMX CBOOOJHBIX JJIEKTPOHOB NPH KOM-
HatHo# Temmepatype B 20 °C (cm. moxppaszmen 2). Buaro-
Jlapsi TOCICHEMY CBOMCTBY, NPH OKOHYATEIIBHOM pelle-
HUM Hay4YHOM TpoOieMbl (OPMHUPOBAHMS 3alperiéHHON
30HBI B 3TOM MOJyMeTalule, rpad)eH Kak MepCreKTUBHBIN
HaHOMAaTEPHAJT MOXKET 3aMEHHTh XOPOIIO ITOCTYKHUBIINI
B TIpeoOpa3oBaTEIbHON W JJICKTPOHHOW TEXHUKE IOTY-
[POBOTHUKOBBIN MaTepHall KpeMHHU# Si B BBIPIMHUTEIISIX,
TPaH3UCTOPAaX W MHTETPAIbHBIX MHKpocxemax. HemaBHo
OBLIO YCTaHOBIICHO, YTO Tpa)eH MOXKHO HCIIONB30BATh U
KakK JIETEKTOP TOKCHYHBIX IPOMBIIIJIEHHBIX Ta3000pa3HbIX
orxomoB — Monekyn mByokmcu aszora NO, [12]. Oxaza-
JIOCh, YTO OH TO3BOJISIET AETEKTUPOBATH PUXOJ M YXOJ C
€ro IMOBEPXHOCTH Jiake eqMHIIHBIX MolieKkyl NO,.

e Venepoouvie nanompyoxku — TPOTSDKEHHBIC M-

JMHIPUYECKAE YIIIEPOJHBIE HaHOCTPYKTYpHI (puc. 9),
XapaKTepU3yIOLINECs] B HACTOSIIEE BPEMS IUAMETPOM OT
OJIHOTO [I0 HECKOJNBKHX JECATKOB HAHOMETPOB M UTHHOM
MOKa 70 HECKOJIbKUX MHJUIUMETPOB, U COCTOSIIIE U3 Of-
HOW WIIM HECKOJIBKUX CBEPHYTBIX B TPYOKY T'€KCArOHANb-
HBIX TPa(UTOBBIX IIOCKOCTEH (rpad)eHOB) M OOBIYHO 3a-
KaHYMBAIOIIHMECS TONYC(HEpHIECKON TONOBKOH (CM. pHC.
5) [2-4]. Ha moBepXHOCTH yIriIepOAHON HAHOTPYOKH aTo-
MBI yriaepona ¢ C pacronoKeHsl B BEpLINHAX MPABUIIb-
HBIX IECTHYTOJIBHUKOB (CM. pHc. 6).

(UL T
\ j;

Puc. 9. BHenHuii BUI yriaepoHbIX HAHOTPYOOK MPH yKa3aHHOM
Ha (ororpaduu macmrrabe B 1 mxm [16]

KoHIIBI TaKuX YriIepoAHBIX TPYOOK 3aKpBITHI C HO-
MOIIBIO [PAaBUIBHBIX IIATHYTOJIGHUKOB. IIpaBHJIbHbIC
[IECTHYTONGHUKH SIBISIIOTCS SIMEHKOM B IUIOCKOM Tpadu-
ToBoM Jmcte (rpadeHe), KOTOpBI MOXHO CBEPHYTH B
HAHOTPYOKU Pa3IMyHON XHPaIbHOCTH. IIpaBHIbHbIC IIsi-
THYTONBHUKA (CEMHYTOJIBHUKHU) SIBISIFOTCS JIOKAIBHBIMHE
nedekTaMu B IUIOCKOM TIpad)MTOBOM JIHCTE, MO3BOJISIO-
[IUMU TOJNYYUTh €TO TOJOKHUTEIbHYIO0 WA OTPHIATEIb-
Hy!0 KpuBu3HYy. KOMOMHAINN TIPaBHIIBHBIX IISTH-, IIECTH-
U CEMUYTOJBHUKOB MO3BOJISIOT HAHOTEXHOJIOraM IOJy-
9aTh pazHooOpa3Hbie POPMBI YIIIEPOAHBIX TOBEPXHOCTEH
B TPEXMEPHOM IIPOCTpaHCTBE. ['eOMEeTpHsl 3THX HAHOKOH-
CTPYKIMH, OTHOCAIIMXCS K HaHOMAaTepHanaMm 2-T0 pofa,
OMpe/IeIsIeT X YHHUKAJIbHbIE (PU3UYECKUE M XUMHUIECKUC
CBOICTBA M COOTBETCTBEHHO BO3MOXKHOCTBH CYIIECTBOBA-
HUS TIPUHIMIIAATBHO HOBBIX MATEPHAIIOB HA UX OCHOBE H
BBICOKUX TEXHOJIOTH MX TPOMBIIUICHHOIO IIPOU3BOJI-
crBa. [ MpPOMBIIIIEHHOTO MPOW3BOICTBA YIIICPOIHBIX
HAHOTPYOOK WCIIOJB3YIOTCS CIICIHANBHBIC XMUMHYECKUC
KaTalM3aToOpbl W JyTOBOM DIICKTPUYECKUM paspsig B
uneptHOM rase [2]. [Ipexckazanue (BO3MOKHBIN IPOTHO3)
(U3UKO-XMMHIECKUX CBOMCTB HOBBIX YIJIEPOJHBIX HAHO-
MaTepuagoB Ha OCHOBE YKa3aHHBIX HAHOTPYOOK yYEHBI-
MH-XMUMHUKaMU U (U3MKAMU OCYIIECTBILICTCS KaK C II0-
MOIIBIO CIIOXKHBIX KBAHTOBBIX PACUCTHBIX MOJEICH, TaK U
OPHOMKSHHBIX OLIEHOK B PAMKaX 3aKOHOB KJIaCCHYECKOM
MOJIEKYJISIPHO# TepMoauHamMuky [6, 12].

o Dyanepenst — MAPOOOPA3HBIE MOJIEKYISPHBIE CO-
eMMHCHMS, MPHHAMISKANNEe K KIACCY aUIOTPOIHBIX
dopm yriaepoma ¢**C u uMeromme pa3mepsl mopsaka 1 oM
(cm. puc. 8) [2-4]. Hekotopsie dysuiepeHOBbIC HAHOMATE-
puaibl 06Iaa0T CBEPXBBICOKON MEXaHUYECKON TPOYHO-
CTBIO, BBICOKOH YIPYrOCTBIO M THOKOCTBIO. [T03TOMY HX
MOJKHO HCIIOJIb30BaTh B KAYECTBE MPUCAIKH LISl YIIydIle-
HHS CBOWCTB YKE CYIIECTBYIOUIUX MAaKpOMAaTepHaIOB.
CyIecTByOT JIerdpOBaHHbe (yIUICPEHbl, 00JaaaroIme
CBOWCTBAME OYEHb XOPOIIEr0 AIEKTPUIECKOTO H30JIITO-
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pa, a ectb (ysIepeHsl, SBISIOMINECS 3aMedYaTeIbHBIMU
NPOBOJHUKAMH 3JIEKTPHYECKOro Toka. OKa3ajiock, 4TO
MYTEM HOHHOTO HAITBUICHUS OJHOTO BHJA JICTHPOBAHHOTO
GbymiepeHa MOXHO MOJYYUTh HAHONPOBOIHHK, a IyTEM
HAIBUICHHUS APYrOro BHIA JISTHPOBAHHOIO (yiuiepeHa —
HAHOM30JISITOpP MJIM HaHOpEe3UcTop. B pesynprare monod-
HBIX JCHCTBUII MOXHO IOJNYYHTh MPOCTEHIIYIO JICKTPHU-
YECKYI0 CXeMY, pa3Mepbl KOTOpOH OyIyT HCUHCISATHCS
pa3MepaMu psiia OTACNBHBIX MOJEKYJ. Takue 3J1eKTpOH-
HbIE HAHOCXEMBI OYAYT ropa3zio MHHHATIOpHEE, MIPOLIC B
W3TOTOBJICHUM W MEHEE YHEPrOEMKHMH, YeM CYLIECTBY-
olpe MukpocxeMbl. Ceiiyac co3gaHbl (yJIepeHOBBIC
coenuuenust (HMODYIUIEpEeHbI), 00TaIaIONUe CETHETO-
ANEKTPUYECKUMHU CBOMCTBaMH, Mbe303(h(EKTOM, THamar-
HETH3MOM, ITapaMarHeTH3MOM H JIaKe CBEPXIIPOBOIHMO-
cThi0. B 3TOM CBs3u (ymwiepeHbl U MX COCIMHEHHUS OT-
KPBIBAIOT MYTh K HOBOH (YJUIEPEHOBOH 3JEKTPOHHKE H
HOBBIM CYNEPMOLIHBIM MaJOrabapHTHBIM KOMITBIOTEpaM,
no o0beMy HaMSITH U OBICTPONCHCTBUIO B THICSYH pa3
MPEBOCXOSIIMME COBPEMEHHBIE KOMIBIOTEPHL. 3aMeda-
TEeJIbHBIE BO3MOXKHOCTH TPEAOCTABIIIOT TUIpodysuiepe-
HbI (pa3JIMYHBIC THIIBI COSMMHCHHUN (QyIUlepeHa ¢ BOIOpPO-
nom 'H). BnaronaPs{ KOMIIAKTHOMY M 0€30I1aCHOMY Xpa-
HEHHIO BOZOpOAa 1 H B 3THX HaHOMAaTepHaiax, CTAHOBHUT-
sl BO3MOXKHBIM TIepeX 0/l Ha HAIlleH MIaHeTe K 3I0Xe COJl-
HEYHO-BOIOPOAHOI 3HepreTuku. ['mapodymiepeHs! qaoT
BO3MO)KHOCTH HETIOCPEACTBEHHOT'O PeoOpa3oBaHus COl-
HEYHOU SHEPTUH B NICKTPHUYCCKYIO U MPHUMEHEHHS BOJIO-
polia B Ka4eCTBE SKOJIOTHYECKH YHCTOTO TOIUIMBA U SHEP-
roHocurens. boiplroe Oyaymee oxuaaeT QyuiepeHs! U B
Ka4ecTBe HOBOTO KJIacca MONYMPOBOJHUKOBBIX MaTepHa-
7oB. PaboTBI B 3TOM HAmpaBICHHH YK€ MO3BOJWIH CO-
3[aTh CBEPXIIPOBOIAIINE (C KPUTHUECKON TEMIIEPaTypOil
Tc B 52 K [2]) mbipouHO-IEerHpOBaHHBIE YIIEPOIHBIC
HAHOCTPYKTYpPBI, HAIIOMUHAIOIIHE TOJEBOM TPaH3UCTOP.
Oco0EHHO MHTEPECHBI BOJOPACTBOPHMBIC MPOU3BOAHBIC
(byIuIepeHoB, NPIMEHEHHE KOTOPBIX B OMOJIOTHU M ME/IH-
[MHE MOXKET MPHBECTH, MO OOPa3HOMY BHIPAKECHHIO aKa-
nemrka PAH FO.A. OcunbsiHa, K "'peBONIONMOHHBIM T10-
cnmenctBusiM”  [2].  Tlo  MHEHHIO  CHEHAIMCTOB-
HaHoTexHoJoroB  Gupmbr  "Tlpumopee” (r.  Caskt-
IMerepOypr, Poccust) K BO3MOKHBIM TEXHHYECKHM 00Ia-
CTSAM TIPUMEHEHUs (QyJUICpPEHOB B HBIHELIHEE BPEMs U B
OmkaiiieM OyaymeM MOXHO oTHecTH [12]:

e Co3/1aHNE HOBBIX KOHCTPYKIHOHHBIX MaTEpPHAIIOB
C YHHKQJIbHBIMHU CBOHCTBaMH JUISl MCIIOJIB30BaHUS B CTPO-
UTEIIbCTBE MHKCHEPHO-TEXHHUYCCKUX COOPYKECHHH M NPH
W3TOTOBJICHUH CPEICTB WHIMBUIYAILHOH 3alIUTBl. DTO
KacaeTcsl TKAHEBBIX MaTePUallOB CIELMALHOIO Ha3HaYe-
Hus (JICHT, BOJIOKOH, IIOJOTCH, HapycoOB, KAaHATOB W
CBEPXIPOYHBIX HHUTEH) HA OCHOBE MOIU(HIMPOBAHHBIX
¢y/utepeHaMH TIOIMMEPHBIX MOJICKYJ, a TaKKe paguo3a-
IIMTHBIX MaTepUalioB HA OCHOBE HUTEH M3 rpadmura, Mo-
TUPUIIPOBAHHOTO (QYyIUIEPEHAMH, W OETOHOIIOINMEPOB
TOBBIIICHHOW TPOYHOCTH. 31eCh MOXHO YyKazaTb U
CBEPXIPOYHbIC (BBIIE TBEPAOCTH ajMasa) HACAIKh M
MOKPBITHS U CHEIHANBHOTO METauI000pabdaThIBaroIIe-
rO MHCTPYMEHTa M CKBa)KMHHOTO MHCTPYMEHTa OypHIIb-
HOro 00OpY/IOBaHHUS B F€0JIOrOpa3Be/Ke.

e ViIydileHHe SKCIUTYaTALMOHHBIX XapaKTePUCTUK
TPaHCHOPTHBIX CPEACTB M APYIMX CHELHAalIbHBIX Mexa-
HU3MOB. Kacaercs 3T0 cieyronmx MaTephajioB: IpHca-
JOK K MacjlaM ¥ CMa3KaM, Pe3KO MOBBIILIAIONINM HU3HOCO-
YCTOIYHMBOCTE Map TPCHUsS B MAalIMHAX M MEXaHU3MaXx;
AQHTH3aJUPHBIX COCTaBOB JUIA Y3JIOB, paboTaromux B

YCIOBHUSIX TIOBBIIICHHBIX MEXaHWYECKMX W TEIUIOBBIX
Harpy3oK; KOMIIO3UTOB TOPMO3HBIX KOJIOJOK CKOPOCTHBIX
TPAHCIIOPTHBIX ~CPEACTB HA3€MHOTO W  BO3IYIIHOTO
TpaHCIOpTa C MOBBIIICHHONW TEIUIOOTAAYEd U HM3HOCO-
YCTOWYMBOCTBIO; M3HOCOCTOMKUX MAaTE€pHUalioB B YCIOBHU-
SIX CYXOT'0 TPEHHS; CMa309HO-OXJIaXKIAIONINX TEXHOIOTH-
YECKUX COCTABOB, YBEIMUIHMBAIOMINX CPOK CITY)KOBI MaIlIlH
1 MEXaHH3MOB.

e [Tomy4eHne HOBBIX KOMIIO3UIIMOHHBIX MaTepPHaIoB
9NIEKTPOTEXHNIECKOT0 Ha3HAYeHHs. B ToM dmcie: komro-
3WIIMOHHBIX MAaTepHalioB CIJIBHOTOYHBIX YCTPOWCTB H
CKOJIB3SIIINX CHIBHOTOYHBIX IEKTPUUECKUX KOHTAKTOB C
TIOBBIIIEHHBIM PECYpPCOM PalOTHI, MaTEpPHAIOB 3JIEKTPO-
JIOB XMMHYECKHUX HMCTOYHHKOB TOKA; JJIEMEHTOB CBEpPX-
MPOBOAIIMX KOHCTPYKIMHA Ha OCHOBE (DyJrepeHOBBIX
HMHTEPKAJIITOPOB.

e [Tomy4eHne HOBBIX KOMIO3UIIMOHHBIX MaTepPHaIoB
JUIL ONTHKH M PaguodNeKTpoHHKH. Cioma MOXXHO OTHe-
CTH. MaTepHaibl 3aIIUTHBIX 3KPaHOB KOMIIBIOTEPOB; Ma-
TepHaNbl ISl TEXHOJOTHH "'CTeNC'; MaTeprallbl pa3BETBU-
Tene B BOJOKOHHO-ONTHYECKHX CETSX, a TAKXKe IS He-
JIMHEWHOM ONTUKU U MOZYJSITOPOB CBETA.

e CozraHne MaTepragoB ¥ MHUKPORJIEKTPOHHBIX H3-
JIETNH CIeNNalbHOTO Ha3HAYEHHMS. BHICOKOKAYEeCTBEHHBIX
aJIMa30M000HBIX TIEHOK; MAaTepHaIoB 11 MHKPOCEHCO-
POB; BBICOKOCTOWKMX TOHKOIUIEHOYHBIX 3AIIUTHBIX I10-
KPBITHH; CyOMHUKPOHHBIX PE3HCTOPOB.

e Pa3paboTKy HOBBIX TEXHOJOTHH B MEIHWIINHE,
BKITIOYAIOIINX MOJTYYCHHE. MaTepralioB >(P(HEeKTUBHOTO
JMaTN3a; MaTepuanoB JUIS 3allUThl OT ITPOHHUKAIOMIEH
paauayi, B TOM YHCIIE COJHEYHOH; BBICOKOA((EKTHUB-
HBIX COPOEHTOB MEIMIIMHCKOTO HA3HAYCHNUS.

o Pa3paboTKy MOKPHITHI U HOBBIX 3aIUTHBIX TEXHO-
JIOTHH, TIOBBIIAOMMX aJIC3UI0 JIAKOB, OOECIICUMBAIOINX
YBEIIMUEHHE BIIATO3AIIUTHBIX d(PPEKTOB U pecypca MOKPHI-
THI HA UCTHPaHUE W NPUBOIAIIMX K YIPOUHEHUIO M CTaOu-
JIM3aLHHY MOMMEPHBIX JTAKOKPACOYHBIX MaTepHasIoB.

e CozaHne HOBBIX HCTOYHHKOB JHEPTHH, B TOM
YHCIE JINTHEBBIX AKKyMYJISITOPOB C IMOBBIIIEHHOH 371€K-
TPUYECKOH €MKOCTBIO M YIy4IICHHBIMH yICHbHBIMH BeE-
corabapuTHBIMH XapaKTEePHUCTHKAMHU.

o Moandukanuoo JTaTeKCHBIX dMYIIBCHI Ha OCHOBE
CHHTETHUYECKHUX KaydyKOB, IPHUBOAAIIYIO K IIPON3BOJICTBY
OIMH MOBBIIEHHONM TPOXOIUMOCTH M CTOMKHX BO-
JIO3MYIbCHOHHBIX KPACOK.

o MomudpuKanmro TOMUITIICHOB, O0SCIICUMBAIONIYIO
MPOM3BOZICTBO MOJMITWICHOB C HOBBIIIEHHBIM CPOKOM JKC-
IUTyaTallil M XpaHEHWs, a TaKKe MOTMSTUICHOB TPYOHBIX
MapoK C ITOBBIICHHON MPOYHOCTBIO M 3TACTHIHOCTBIO.

e [lonydeHne HOBBIX CMa30YHO-OXJIQXKJAIOLIUX Ma-
TEpPHAJIOB, MPUBOIAIINX K MOBBIIICHHIO 3()})EKTHBHOCTH
CMa309HO-0XJIAXK/IAIOIINX TEXHOJOTHYECKHX COCTABOB B
METaIoopaboTke U co3anuio 3Pp(HEKTHBHBIX T00ABOK B
Maclia MeTaui000padaThIBAIOMINX CTAHKOB.

e Hedrexumuto npu co3paHuu BbICOKOIDHEKTUB-
HBIX KaTaJM3aTOPOB TEXHOJOTMYECKHX IMPOIIECCOB Kpe-
KUHTa U pUPOPMHUHTA.

e Hanoxancynwt nexkapcme. B Yxpaune HIIII "Bu-
Ta" paspaboTaHa OpWUTHHANIBHAS TEXHOJOTHS aJPECHOU
JIOCTAaBKH B OpraHM3Me OOJBHBIX CaXapHBIM AHa0eTOM
MHCYJMHA C MOMOIIBIO HAHOKAICYJ (aBTOp M300peTeHUsI
— Urops Bep6a) [17]. TTogo6GHAsT TEXHOJOTHS JTOCTaBKH
JIEKapCTBEHHBIX MTPEMapaToB HA CETOHS HE UMEET aHaJIo-
roB B mupe. Pa3paboraHHble B YKpaWHe MEIUIITHCKHE
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TIpernapaTsl HHCYJIMHA UMEIOT BBICOKYIO TEMIIEPaTypHYIO
CTaOMJIBHOCTh, 3HAUUTENFHO  JIyYIllee CTPYKTYpHO-
MeTaboIMUecKoe ICHCTBUE W TIMKEMUYECKH KOHTPOIIb.
[IpyHIMIIHATBHO HOBBIA M IMAAANIMNA METOA BBOJA IIpe-
mapata B OpraHu3M OOJBHOTO (Ha OCHOBE HAHOKAIICYI)
MO3BOJIMJI Ha TIOPSAZOK YMEHBIIUTH TOKCHYECKOe JeH-
CTBHE TIperapaTa, 4YTO IMO3BOJISIET H30eKaTh MHOXKECTBA
CYIIECTBYIOIIUX OCJIOHEHHUH HHCYIIMHOBOW TEPAITUH.

o Monekynapusie wiecmepnu u HAcocwl. JlaHHbIE
MOJIEJIM HAHOYCTPOMCTB OBIIM HEAABHO MPETOKEHBI
K.E. Drexler u R. Merkle u3 IMM (Institute for Molecular
Manufacturing, Palo Alto) [2]. "Kopmycamu" HaHOMmIECTE-
PEHOK B KOpOOKe Tepenad 3THX HAHOYCTPONCTB SIBIISIOT-
csl IUIOTHO NpWICTAIONINE APYr K APYTy YIIIEpOIHbIE
HAHOTPYOKH, a "3yOnamMu’ CiryXatT KOJIBIIEBBIE MOJICKYJIBI
6ensona CgHg (cM. pasmen 1 manuo# crathm). Xapakrep-
HBIE YacTOTHl BpAIICHUsS IIECTEPEHOK MaHHBIX HaHO-
yerpoiictB (puc. 10) cOCTaBISIOT HECKONBKO JECSITKOB
rurarepu. YcrpoiictBa “paborator” nmubo B Tirybokom
BaKyyMe, JIM0O B MHEPTHOHN cpene MpH KOMHATHOW TeM-
mepatype B 20 °C. s "oxmakaeHus MOTXOOHBIX HAHO-
YCTPOHUCTB OOBITHO MCIIONIB3YIOTCSI HHEPTHBIE Ta3Hbl.

® Hanoaxxkymyaamopol. O CO3IaHAH 3TOr0 HOBOTO
WCTOYHMKA IekTposHeprun B Havyane 2005 roga oObsaBH-
na xommanus “Altair Nanotechnologies" (CIHA) [2].
JlaHHBI MCTOYHHUK 3JIEKTPO’HEPTHH HOBOTO IMOKOJICHHMS
0azupyercss Ha OPHWIMHAIGHOM HaHOTEXHOJIOTHYECKOM
MaTepuae Ui 3JIeKTPOIOB HOBBIX JIMTHHA — MOHHBIX aK-
KyMYJSTOpOB. Takue akKyMyNsITOPBI C 3JEKTPOJaMH U3
xumugeckoro coeaunenust LigTisOpp, mMeror Bpems 3a-
psnku Beero okosio 15 munyr. B despane 2006 rona sta
aMEpHKAHCKasi KOMIIAHKUS Hadana MPOU3BOJCTBO JIAaHHBIX
AKKYMYJISITOPOB Ha cBo&M 3aBoxe B r. Uunnana (CILIA).
B mapre 2006 roma ¢upma “Altairnano” u xommanust
"Boshart Engineering" 3axiroumiy COINAIICHHE O COB-
MECTHOM co3/aHun anekrpomodmnss. B mae 2006 roma
YCIICIIHO  3aBEPIIMIIACH HCIBITAHUS aBTOMOOMIBHBIX
HaHOAKKyMyJsATopoB. B ntone 2006 roga ykazaHHas ame-
pukanckas kommanus “Altair Nanotechnologies” mouy-
YA TIEPBBIA PEaJIbHBIM MPOMBINUICHHBIA 3aKa3 Ha I10-
CTaBKY JIUTUH — HMOHHBIX aKKyMYJATOPOB JUISI JIEKTPO-
MoOwmIIeH.

Puc. 10. BHemHuil BUI MOZIENIH COBMECTHO PaOOTAIOIIEH MTaphl
MOJIEKYISIPHBIX [IECTEPEHOK, CO3[aHHBIX HA ATOMAapPHO-
MOJIEKYISIPHOM YPOBHE METOIaMH HAaHOTEXHOJIOTHH [2]

e Hanonpoueccopbl. AMepHUKaHCKas KOMITaHHS
"Intel" 15 oxTs6ps 2007 roma 3asBHiIa 0 pa3paboTKe €ro
HOBOT'O TIPOTOTHIIA IEHTPAIBHOTO TMpoleccopa, Conuep-
JKaIllero HAaUMEHBIINH CTPYKTYPHBIA 3JIEMEHT pa3MepoM
npumepHo B 45 um [2]. B mocnennee Bpems B CMU u

cucreme MHTEpHET COOOMIANOCH, YTO B JajbHEHIIEM 3Ta
KOMITaHMSI HaMepeHa JOCTHYb Pa3MEpPOB CTPYKTYPHBIX
9JIEMEHTOB HaHoIporeccopa a0 5 uM [12]. OrMerum, ¥to
OCHOBHOW KOHKYPEHT KOMITbIOTepHOM Kommanuu “Intel”
kommanus "AMD" Taxxe MCTIONB3yeT I MPOU3BOICTBA
CBOMX TIPOIIECCOPOB HAHOTEXHOJOTHYECKHE YCTPOMCTBA,
pa3paboTaHHBIE COBMECTHO C aMEPUKAHCKOM KOMITaHUEH
"IBM". XapaxkTepHbIM OTIMYHEM HX KOMITBIOTEPHBIX Ha-
HOYCTPOMCTB OT HaHOpa3paboTok kommawmuu "Intel” sB-
JsIeTCsT TIPUMEHEHHUE JIOTIOJHUTENHHOTO HM30JIMPYIOLIEro
cosg SOI, TNpensTCTBYIOUNIEro yTEUYKE 3JIEKTPHUYECKOTro
TOKA 3a CUET JOIOJHUTEIFHON M30IAIMH CTPYKTYp, (op-
MUPYIOIMNX TPAH3UCTOP. Y’K€ CYIIECTBYIOT paboume 00-
pasIpl HAHOIIPOIIECCOPOB 3THX MHPOBBIX JIHIEPOB B CO-
3IaHAN KOMITBIOTEPHOW TEXHHKH C TPAH3MCTOpAaMH pPa3-
MepoM 32 HM | OIBITHBIE 06pasibl Ha 22 HM [2, 12].

e Hanoanmennvi. B HaydHO-UCCIEIOBATENBCKON
naboparopuu bocronckoro yausepcurera (CIHA) 9 des-
pas 2005 roma OblTa co3maHa aHTEHHA-OCIHILIATOP C
rabaputHbIMH pa3mepamu mopsiaka 1 mxm [2]. Oto pa-
JMOTEXHUYECKOE yCTPOHCTBO C  HAHOYCTPOMCTBaMHU
HACUYHUTHIBAET B cebe OKOJIO S5 MWUIMApJ0B aTOMOB IIPO-
BOJIAIIIETO JJIEKTPHUYECKUH TOK BEIIECTBA M CIIOCOOHO
ocmmmipoBats ¢ dacroroi 1,49 I'Th, uro mo3Bomsier
nepeaBaTth ¢ €€ IOMOIIBI0 OTPOMHBIE 00BEMBI TTONIE3HOM
unpopmanun [2, 12].

e Hanonunyemw. SInonckuii yuensii Haoxku Ko-
marcy (Shiga University of Medical Science) B 2007 roxy
n300pes XMMUYECKUH "HaHONMHIIET ', CIIOCOOHBIA pa3iv-
yaTh XHUpAJNbHBIE W30MEpHl YIIEPOAHBIX HAHOTPYOOK
muamerpoMm g0 1 um [18]. UsBectHo, uTO yriepomHbie
HAaHOTPYOKH II0 CBOGW XHpajbHOCTH (TEpMHUH “XHpaiib-
HOCTB" TIPOMCXOMWT OT Tpedeckoro ciosa "'cheir" — "py-
ka" u 0003Ha4YaeT BUJ OOBEKTA, KOTOPBI HE TOXKIECTBE-
HEH CBOEMY 3epKaJbHOMY oTpaxkeHuro [1]) pasmemnstorcst
Ha JIEBO— W TPaBOCTIHpPAJbHBIE. 3aMETHUM, YTO C IOMO-
IO COBPEMEHHBIX METOOB CHHTE3a B JUCCHIIATHBHBIX
cHCTeMax IPU 3KCTPEMAJbHBIX YCIOBHUSX OJHOCIOMHBIX
YIJIEPOIHBIX HAaHOTPYOOK BO3MOXKHO IPUTOTOBHTH JIMIIHL
CMECh, COAEPIKAIyl0 B PABHBIX IPONOPLHUSIX JIEBO- U
NpaBOCIHpaIbHBIC HAHOTPYOKH. JaHHAs cMech HAaHOTPY-
00K OAMHAKOBO CHJIBHO ITOTJIOLIAET CBET C MPaBOM U Jie-
BOW moispuzanysMy. sl MCHONB30BaHUS STHX HAHO-
TpyOOK B ONTORJIEKTPOHMKE HEOOXOAWMBI TOIBKO OITH-
YECKH aKTHUBHBIC HAHOTPYOKH, IMO-pa3HOMY ITOTJIOMIA0-
1yMe CBET ¢ KpyroBod momspusauueil. [loatomy cuHTe3m-
POBaHHBIE YIJIIEPOAHBIE TPYOKH IEpes UX WCIIOIB30BAHH-
€M B ONTOBOJIOKHE JOJDKHBI OBITh pa3leieHbl 10 CBOESH
xupanpHOCcTH. 10 Baxkaoro m3obperenus H. Komatcy B
00TacTi HAHOTEXHOJOTHH OBLTN M3BECTHHI CIIOCOOBI COp-
THUPOBKHU YTIIEPOJHBIX HAHOTPYOOK JIMIIB 110 UX JUAMETPY
n wmHe [2, 12]. Pa3menenue 3THX HAHOTPYOOK — cTEpeo-
M30MEPOB 10 CBOMM Pa3IMYHBIM XHPAIHHOCTSAM U COOT-
BETCTBEHHO 110 WX Pa3jIWYHBIM ONTHYECKUM CBOHCTBAM
SBIISUIOCH B MUPE PACCMAaTPHUBAEMbIX HAMHU B 3TOM pasjie-
Jie KHUTH BBICOKHX TEXHOJIOTHH TPYJHOpEIIAeMOH Hayd-
HOM 3azmayeil. B 3TON CBSA3M CO3JaHHBIA SIIOHCKUM yue-
HBIM-HaHOTEXHOJIOroM 3((EKTHBHBI XUMHUYECKHHA Me-
TOJ| pa3JelieHHs CTEPEON30MEPOB YITIEPOAHBIX HAHOTPY-
00K IO pPa3IMYHBIM XHUPATBHOCTSAM SIBIISIETCSI BAKHBIM
IaroM Ha MYTH K MCIOJIb30BaHMUIO ONTHYECKH aKTHBHBIX
YIJIEPOMHBIX HAHOTPYOOK B TAKMX IEPEIOBBIX TEXHHIE-
CKHX O0JIaCTSAX KaK HAHO- M ONTOANIEKTPOHUKA, (POTOHUKA
Y KBaHTOBAs ONTHKA.

12 ISSN 2074-272X. Enexmpomexnika i Enekmpomexanika. 2013. No2



3AKJIFOYEHUE

B pesynbraTe KpaTKOro pacCMOTPEHMS U OIpene-
JICHHOTO aHaji3a HOBOM M MHTEHCHBHO Pa3BUBAIOLICHCS
B IEpPENOBBIX CTPAHAX MHpAa BEChbMa IEPCHEKTUBHOU
Hay4YHOW 00JIACTH, 3aHUMAIOUIEHCS HAHOTEXHOJIOTHAMH U
INPUKIAJAHBIM TPUMEHEHHEM HUX HAayYHO-TEXHHYECKHUX
JIOCTIDKEHHMH, MOXKHO C(hOPMYITUPOBATH Psijl BEIBOJIOB!

1. HaHOoTexHONOTHS KaK MEXIUCLIUILIMHAPHAS JIHC-
LIUIUIMHA OXBATHIBAET OYEHb HIMPOKUH KPYr HaydHO-
TEXHUYECKHUX CIENNAIbHOCTEH M3 pa3indHBIX obOjacTeil
YeJOBEYECKUX 3HAHWM, HAUWHAs OT KBAaHTOBOW (DHM3HKH,
JJIEKTPOHHON MUKPOCKOINUY U 3aKaHUUBAsl CYyIPaMoOJIEKy-
JSIPHOM XMMHuel u MonekyisipHoW Owonorwmeit. s no-
CTIKEHUSI yCIEXOB B 3TOH BBICOKOM TEXHOJIOTHMH, 0a3u-
pyIoLIelicss Ha BEPOSTHOCTHBIX 3aKOHOMEPHOCTSX HAHO-
MHpa, TpeOYIOTCS HalMOHAIBHbIE HAHOTEXHOJIOIHIECKNE
MIPOTpaMMBbl M MHTETPUPOBAHHBIC HAYYHbIE LEHTPHI, (GH-
HaHCHpYEMble KaK TOCYIapCTBEHHBIM OIO/DKETOM, TakK U
3aMHTEPECOBAHHBIMU KPYITHBIMH YaCTHBIMH HHBECTOpPA-
MH, a TAaKXKe CHELHAINCThl BBICIICH KBaMM(UKAIMK IMIU-
pokoro npouiisi ¥ HOBEWIIee MHUKPOCKOMHYIecKoe 000-
PYAOBaHUE C BBICOKMM aTOMHBIM Pa3peIICHHUEM.

2. YKpaWHCKHE YUYCHbIE M HHXCHEPHl Ha CETOIHS
CEpBE3HO OTCTAIOT OT CBOMX KOJUIET M3 MEPENOBBIX CTaH
MHpa B BOIpOCax pa3padOTKH M MPAKTHYECKOTO IpHMe-
HEHHs HOBBIX MAaTE€PHATOB U KOHCTPYKIUM, OCHOBBIBAO-
IIUXCS HA TEXHUYECKUX BO3MOXKHOCTSIX HAaHOTEXHOJIOTHH.

3. Hwmerommecs Ha ceromHss B MHPE Hay4HO-
TEXHUYECKHE JOCTIKEHHUS B 00JaCTH HAHOTEXHOJIOTHH U
nx 71a00paTopHO OOOCHOBAHHBIE TEXHWYECKHE BO3MOXK-
HOCTH MO3BOJISIOT HaAEAThCS HAM Ha TO, YTO CHUHTE3UPO-
BAaHHBIC B IPOMBIIUICHHBIX YCIOBUSX HOBBIE HAHOCTPYK-
TypHBIE MaTepHaibl U HAHOYCTPOMCTBA C YHHKaIbHBIMHU
(M3HMYECKNMHI ¥ XUMHYECKUMH CBOMCTBaMH IIPUBEIYT B
OmrpKaiiriee BpeMs K MOIMHHBIM PEBOJIIONMOHHBIM TIpe-
00pa3oBaHUsIM B MHUPOBOI TEXHWYECKOH cdepe, BKIIOUA-
IOIIEH MPOMBINUIEHHOCTh M OBIT TPYASAIINXCS B HEH JIto-
Jied, ¥ B MEIMKO-OMONIOTHYEeCcKOi cdepe Hallero passu-
BaloLIErocs o0IIECTBa.
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VK 621.3:537.3
3.B. CaBuu

TAMHA IIIAPOBOM MOJIHUH

Kyneeuona onuckaska — aguuje npupoou, ujo 6io0yeacmuyca npu yoapi aiHiiHoi onuckaéku 3 it i€l mennoeorw i MazHimMHoWO
eHepzielo, w0 6UHUKAE HABKOI0 KAHALY NIHIUHOI OnuCKaeKu i 6 pe3yibmami cmeoproyuoi 3 HAGKONUMWHBOZ0 NOGIMPA XMApy
napu, nepexionoi nio di€ro MazHiMHO20 NOJA 8 Ce2HemoeleKMPIYHUTL CIAH.

Lllaposas monnus — aenenue nPuUPoOsl, NPOUCXOOAUee NPU yoape TUHEIIHOU MOTHUN C ee 6030eliCHeUeM MEeNI060il U MAZHUM -
HOIl IHepeuell, 603HUKAIOW|ell 6OKPYZ KAHANA IUHEUHOU MOTHUN U 6 Pe3yibInanme oopasylouieil u3z oKpycaroujezo 603oyxa oona-
Ko napa, nepexooauiezo noo oeiicimeuem MazHUMHO20 NoJs 6 CeZHeMo0INIeKMpPuLecKoe cocmosnue.

OmnpezneneHne TPUPOALI MAPOBOW MOJIHHUU — SIBJISI-
€TCsl HeJIbK) PACKPBITUS OAHOIO U3 YHHKAJIbHOI'O MpPOUC-
XOXIECHHS €CTECTBEHHOIrO SIBJIEHMSA MPUPOAbl. Bbinaro-
mmmiicss yaenblii pusuk Craxanos W.I1., co3matens ruro-
TE3bI THIPATAIld MOHA HEUTPaILHOW MOJICKYIIOH BOJEI,
HauboJee OIM3KO MPUOTU3UBIIIIACS K PACKPBITHIO CEKpe-
Ta npuponsl mapoBoit Monuuu (IIIM) u ocraBuBIIHIA
TITYOOKWH cJe]] B UCTOPUHU HAYKH O HU3KOTEMITepaTypHOU
ITa3Me, SBISCTCS CO3JaTelieM KIacTepHOW HWOHHO-
MOJIEKYIISIPHOW KOHIICIIITHH.

TMIIOTE3A KJIACTEPHOM
VOHHO-MOJIEKYJISSPHOM T'MJIPATALINU
CraxanoB W.II., Oyayun yke WU3BECTHBIM YYCHBIM,

mpodeccopoM, MHOTO JIET OTJIABIINN U3YISHHIO 0CO00TO,
YETBEPTOr0 COCTOSHUSI BEIIECTBA — IUIa3Mbl, MPUCTYIINI
JI0 KPOIOTIMBOTO TPyAa MO cOOPY W CHCTEMAaTHU3AIH
Habmrogennii oyesnaes 1IIM ¢ TeMm, 4TOOBI UMETH BO3-
MOXXHOCTb IMPOBECTU aHaJM3, MOJYYEHHBIX CTaTUCTHYE-
CKH JOCTOBEPHBIX, CBEIEHUH O CBOMCTBAX MCCIEAYEMOTO
00bEKTa M TOMBKO Ha WX OCHOBE CHOPMYITHPOBAI TPeOO-
BaHUS, KOTOphIe HEOOXOIUMO TPEIBSIBIAATh K THITOTE3aM,
MIPETCHIYIOMNM Ha 0OBsICHEHUE TIPpHUpOAE! sBieHus 11IM.
NMes orpomHbli HAay4yHbId ONBIT MO OIpPENETICHUIO
csoiicTB 1ia3mel, CtaxanoB WM.I1. He cram uckaTth oOIee
eanHo00pa3ue MEXKIYy TOH, YK€ M3BECTHOW €My YeTBep-
TOM cpenod BemiecTBa — IUIa3MOM, COCTOSIILEH U3
HEUTPaJIFHBIX YaCTHIl — HOHOB U aTOMOB, B KOTOPEIX B3a-
MMOJICHCTBUE C BHEITHAMHU M COOCTBEHHBIMU DJICKTpUYC-
CKUMHU W MAarHUTHBIMHU TIOJSIMH HWTPAET OIpeIcTICHHYIO
POJb TEPMOSICPHOT'O CHHTE3a, U TOH, €Ile HUKOMY HEH3-
BectHOM [IIM, KOTOpYIO BCE MILYT, U HE OCTAHOBHWJICS Ha
JIOCTUTHYTHIX WM 3HAHMAX, HE TOAMANCA cOONa3Hy W HE
CTaJl TIOATOHATh, W MPUCHOCOONATh yXKE H3BECTHOE €My
nonsitue mwiasmel noa 1M, kak 3TO JenalT HEKOTOpPbIE
HCCITeIOBATENH, YeM OH o4eHb yauBua uxX [1]. Bymyun
HacrosimuM yaeHbM, CtaxaHoB W.II. mawanm mccnemoBa-
aue sBieHns 11IM ¢ camoro Havana, ¢ HaOMIONEHUA Hal
MpUPOAHEIM siBiieHHEM. OH CHCTEMAaTH3HPOBAJ, IIONY-
YeHHBIE OT OYEBU/LICB, PEe3YyNbTaThl HaOmroneHni 3a [11M,
1 TOJBKO TOCJE ITOrO MPUCTYIII K MU3yICHUIO UCTOPUU
nccnenoBannit seieHUs L[IM. Craxamos W.II. mposen
CpaBHUTEIHHBII aHAIM3 OCHOBHBIX CYIIECTBYIOIIHUX TH-
TIOTE3 ¥ U3JTIOXKIII IO STOMY TIOBOIY CBOM COOOpa’KeHHS B
OYEHb MHTEPECHOM C HAYYHOW TOYKH 3PEHUSI KHUIE IOA
Ha3BaHueM "O (u3M9IecKoil mpupoae MapoBOi MOJHHAN ",
r7ie MoxpOOHEHMM 00pa3oM OOpHCOBANl CBOIO KOHIIETI-
LUIO0 KJIACTEPHOW MOHHO-MOJEKYJIIPHOW THIIOTE3bI €cTe-
CTBEHHOTO TIPOMICXOXICHHA, HAa OCHOBE KOTOPOW HOHBI

OH u H,O" 6BICTpO TUAPaTHPYIOT, MOKPHIBAsCH 060-
JIOYKaMHU HEWTPAIBHBIX MOJIEKYN BOJBI, KOTOPBIE MPOYHO
CBSI3BIBAIOTCS C MOHAMHM, 00pa3ys HOHW30BaHHbIC Ki1acTe-
pBI Iapa BOJBI, W MPEICTAIOT B BHUAE pa3HO3apsKEHHBIX
nono moxemu OH (H,0), u H,0"(H,0),. B cBoeii kaure
CraxanoB W.II. mogpoOHBEIM 0Opa3oM ommcand Bce BO3-
MOXHBIE PsI/IbI HOHHO-MOJIEKYJSIPHBIX PEaKIUid 1, Ha Oc-
HOBE MOATBEPKJICHHBIX 3KCIIEPUMEHTAIBHBIMU HCCIEN0-
BaHMAMH, UM OBUIM ONPEAEICHBI PACUETHl SHEPTUH THI-
paTanyy MOHOB, a TaK)Ke KOHCTAaHTHI PAaBHOBECHSI U CKO-
POCTH peaknuy TMApaTaliy IPH Pa3iIndHBIX TEMIICpaTy-
pax. Hazmo cka3ate, mpoBezieHa paboTa OrpOMHOTO Mac-
mraba u Jake BBICKAa3aH PSAA COMHEHUH, B KOTOPBIX yde-
Helid Ob1 mpaB. CraxanoB W.II. He cram HacramBaTh Ha
00pa30BaHNM TOJNBKO CBOMX WOHHO-THIPATHPOBAHHBIX
KIaCTEPHBIX MOJENAX, a COOOIIMJ, YTO B HACTOSAIIEE
BpEMsl TaKKe CYIIECTBYIOT MHOTHE JIPYTHE KIacTepsl,
MOHBI KOTOPBIX COCTOAT M3 TaKMX 000JI0YEK MOJIEKYII, KaK
"Oz+(02)n, NO+N02, NH4+(NH3)3" U Ipyrux [PUSkett and
Teaque, 1971, Niles et al., 1972]". IIpu aToM THIpATHPO-
BaThc MOTyT Bee m3pectHble noHbl NO', Oy, O7, N,
O," u 1p. [2, c. 197, 199, 1 a63.]. XoueTcs 3aBepHTh, UTO
HacTosIIIIee MPOYTEHNE IIEHHOro Hay4qHoro tpyaa Craxa-
HoBa M.II. He uMeeT 1enpb nepeckasa ero coAepKaHus, a
OCHOBA KHHT'H IIPEJIAracTcsl, Kak MpeaMET PaCCMOTPEHUS
caMOM KOHUENIMHU KJIACTEPHON HOHHO-MOJEKYJISPHOU
THIIOTE3Bl, B CBETE HAYYHOT'O ONpPEJENICHNUS, NMEIoImeiics
MIPU 3TOM BO3MOXKHOCTH, Ha OCHOBE OOIIMX (PH3MUECKIX
3aKOHOB, TIPOBECTH COIIOCTABJICHHE €€ CyTH C HOBOW Kia-
CTEPHOU TUIIOIBHO-MOJIEKYJISIPHOM TUIIOTE30M.

Tak, ¢ TOukM 3peHHsi 00eHX KIAaCTEepHBIX THIIOTE3,
M mpencraBnser coboil YHUKaIBHBIN, C OZHON CTOPO-
Hbl MOHHO-XMMUYECKUH PEAKTOp, U, C APYTroil CTOPOHBHI,
JIMIIOIBHO-MOJIEKYIISIPHBIM M TOXKE PeakTop, 00a KOTOPbIX
paboTaroT MpH OTHOCHTEIBFHO HHM3KHMX TeMIlepaTypax.
"MIMeHHO Ha OCHOBE 3TOTO pPeakTOpa M COCTOUT Hambosee
MHTEPECHOE TIPAKTUYECKOE TPUMEHEHHE KJIACTEPHBIX
IUIa3M, XOTS BO3MOXKHOCTb HAKOIUICHHS 3HAYMTEIBHOMN
SHEPTUH B CPABHHUTENHHO HEOOJIBIIOM MX 00BbEMEe W IpHU
COBEpPLIEHHO HUYTOXKHOI Macce Takke He CTOUT cOpachl-
BaTh co cueroB” [2, ¢. 202]. Koneuno, rumore3a HOHHO-
XMMUYECKOH TIa3Mbl, KOTOpasi, 0€3 BCSIKOIO0 COMHEHUS, U
COIIEPHUYECTBA MOJKET IMapajuIeNbHO COCYIIECTBOBATh C
KJIACTEPHOM IUIIOJIBHO-MOJIEKYISIPHON TMIIOTE30M, U OHA
UMeeT Ha 3TO HpaBo, MO0 00€ T'MIOTe3bl MMEIOT MHOTO
obmiero, Tak Kak 0be o0pa3yroTcs Ha KJIaCTEpPHOH BOIO-
[IapoOBOl HM3KOTEMIIEpAaTypHOH OCHOBe. EnMHCTBEHHOE
pasnuuue COCTOMT B TOM, 4YTO KIacTepHas HOHHO-
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XUMUYECKasi TUIIOTE3a HE MPEACTaBIISIET, MO 3asBJICHUIO
CcaMOro aBTOpa THIIOTE3BI, CTPOUHYIO EIUHOOOPa3HYIO
cuctemMy. VIMEHHO HET YeTKOro OmnpeiesieHus] Mo Kia-
cTepHBIM HWoHaM: "Bce, 4TO MBI 3HaeM O KIACTEPHBIX
HOHAX, MOJYYEHO B JKCIEPUMEHTaX HaJl CUCTEMaMHu C
OYEHb HU3KOW IUIOTHOCTbEO MOHOB, KOTOPBIE BCIIEACTBUE
ATOrO JOJDKHBI PACCMATPHUBATHCS MO0 KaK 3apsHKCHHBIC
raspl, 1M00 KaK HMaeajabHas IUIa3Ma WIM KaK HeHJeaabHast
miasma. ...Wwim B ueM-to eme"” [2, ¢. 197, 199, 1 a63.].
Hanmo ormate momxHoe CraxanoBy W.IL., oH cmenan Bce,
9TO0BI YOSTUTh aKaJleMUUCCKUN HAYJYHBIH MHUpP B TPaBO-
MOYHOCTH CYIIECTBOBaHUs IUIa3Mbl Ha OCHOBE Tujpara-
MY MOHOB MOJIEKylaMu BoAbl. Ho oTcyTcTBHE enrHO000-
pa3HOW CHCTEMBI, 3aKOHOMEPHOCTH IIporiecca 00pa3oBa-
HUS THUApATAllii MOHOB, BEIHYKJAET €r0 K BBICKa3EIBa-
Huro: "K cokaneHWio, CTpYKTypa THIPAaTHPOBAHHBIX
HOHOB IIOKa €llle HE yCTaHOBJeHa. Jlaxke sl KJIacTepOB C
HEOONBIIMM N TPEUIATaloTCs PA3NIUYHBIC CTPYKTYPHBIC
dopmysr” [2, c. 193]. Criocob paccmorpenust CraxaHo-
BbIM M.II. cBoiictB I1IM Ha OCHOBE KJIacTEpHON MOHHO-
MOJIEKYJIIPHOM TMIOTE3bl CTPOWJICA HCKIIOUMUTEIHHO Ha
TEOPETUUECKUX MPEATNONIOKEHHUIX, KOTOPbIE MOJIKPEIIs-
JIUCh OCHOBATCIIFHBIMU pacueTaMW M CChUTKAMHU Ha IIpo-
BEJICHHBIC W3MEPEHUs] CCUCHUH PEeKOMOMHAIINH THIPATH-
POBAaHHBIX MOHOB H3BECTHBIMH HCCIENOBATENSIMHU [2, C.
192, a63. 2]. OmHako TIaBHOE HE B CHENAHHBIX YUIEHBIM
MIPEATONIOKEHHUAX, a2 B TOM, YTO CBOM OOBSCHEHHUS OH I10-
CTpOWJI, OTPAHUYMBIINCH YACTHBIMH TPUMEPAMHU B3aNMO-
JIEHCTBUS ABYX Pa3HO3aPsDKEHHBIX THAPATHBIX HOHAX, UTO
HE TIO3BOJISIET YBUIETH OOIIETO TpoLecca, MPOUCXO/IsIIIe-
ro B obmied cTpykType, Iuasmbel. HecMoTpst Ha OTCyT-
CTBHE, II0 3asBJICHUIO YYEHOTO, CTPYKTYPHI THAPATHPO-
BAaHHBIX FIOHOB, OH OBUT OTU30K K YTBEPKACHUIO CUCTEMBI
LEMOYHOM CTPYKTYPHI MMOCTPOSHHsI KiacTepoB. [lompoOy-
€M BOCCO3/IaTh CTPYKTYPHYIO CXEMY COCIMHEHUN TP YIITEI
KJ1acTepoB, Ha ocHoBe KoTopbix CraxaHoB M.I1. nepBona-
YaJIbHO OOBSICHSI CO3JaHKE, U3 OOJIBIIIOr0 KOJIMYECTBA C
JUTIONEHBIMA MOMEHTaMH MOJEKYN BOABI MOHOB, OOIB-
IIUX W YCTONYMBBIX COJNIBBAHTHBIX MOJICKYII, ITOJ Ha3Ba-
HHEM KJIACTephl, KOTOpbIE OH TPEACTAaBILI cebe, Kak
TPYIITY MOHOB B O0Jee CIIOKHOM BHIIE MOJIEKYJIBI - JTOJIe-
Kadzpa. UTak, U3 Teopur 3IEKTPOTEXHUKU U3BECTHO, UTO
MOJIEKYJTa BOJBI, SIBISICH MOJICKYIIOH BEIecTBa, C OCHO-
BOM JMAIIEKTPHUKA BTOPOTO Kiacca, crocoOHa TMpOsBISATH
CBOMCTBO MOJSpU3alMM, TO €CTh IOJ BO3IAECHCTBUEM
BHEIITHETO JJIEKTPUIECKOTO TMOJsI, B JAHHOM CIIydae MOJ
ANEKTPUIECKON HANPSHKEHHOCTBIO MOHA, C KOTOPBIM MO-
JIEKyJTa BOIBI BCTYIHJIA BO B3aUMOZICHUCTBHE, 00pa30BaB C
HUM KJIacTep, U cama HOJpH30Bajach, a IMEHHO, TIOBEp-
HyJla CBOW JUIOJBHBIE MOMEHT B COOTBETCTBHU CO 3Ha-
KOM CBOero MoHa. [IocKONbKY KiTacTep THAPATHPOBAHHO-
T0 MOHa Haxomutcsa B ooveme 1wa3Mel LM, To emy mpu-
XOJIUTCSI B3aUMOJEHCTBOBATh HA OCHOBE I'€TEPONONISIPHOMN
CBSI3H C JPYTHMH KIacTepaMH, IMEIOMIAMHU HOHBI TIPOTH-
BOIIOJIOKHBIX 3HAKOB, WM COEAHWHATHCS B TPYINIOBYIO
CTPYKTYPY TIPETONIOKHUTEIBHO LEMOYHOI0 COSIUHCHMS,
IIe B COCOWHCHHH YYacTBYIOT HANPSHKEHHOCTH MOJeH
JITIONBHBIX MOMEHTOB MOJIEKYJ BOIBI KaXIOT0 KIacTepa,
MMEIOIIETO OpPUCHTAIIMIO 3HAaKa HANPSHKEHHOCTH TOJIS
MPOTHUBOMOIOKHOMY 3HAKY HANPSHKEHHOCTH IUTIOIHHOTO
MOMEHTa MOJIEKYIBI BOABI APYTOro KIAacTepa, ¢ KOTOPBIM
MPUXOANUTCS COSAUHATRCS. Ho mpr 3TOM, B COOTBETCTBUHU

¢ (QU3MYECKNM 3aKOHOM, THAPATHPOBAHHEIN MOH, ITOKPHI-
ThIl HEUTPaNbHON MOJIEKYJIOW BOJbI, HA JI€JE€ CTAHOBUTCS
3aIUIICHHBIM OT BO3CHCTBHUSI CO CTOPOHBI IPYTOro HOHA
C TIPOTHBOIIOJIOKHBIM 3HAKOM 3apsiia. K ToMy ke m3Bect-
HO, 9TO B TIpeenax KakJI0i MOJEKYIIBl BOIBI THAPATHPO-
BAHHOI'O HMOHA, BO3HUKAIOT JHMIIb CMEMICHHUS I1OJOKH-
TEIIFHOTO 3apsiia BJAOJb HATPABICHUS SIEKTPHIECKOTO
MOJISI ¥ OTPHLATEIFHOTO 3apsiia B OOpaTHOM HampaBJe-
HUHM AVRJICKTPHKA, KAKAM SIBJSIFOTCS MOJICKYIIBI BOJBI.
SIBnsisice HEWTpaNbHBIMH MOJEKYJIaMH BOZBI U 00pa3ys
MEXIy CO00H M3 HANPSHKEHHOCTH IUIOJIBHBIX MOMEHTOB
LETIOYHBIE COCTITHEHHNS, MOJICKYIIBI BOJBI OCYIIECTBIISIOT
TOJFKO BAJICHTHYIO MOJIEKYISPHYIO CBSI3b MEXTy TOUECU-
HBIMHU Pa3HO 3apsHKCHHBIMU HOHAMH, a TIOCKOJIBKY 3apsIbI
MOJISIPU30BAHHBIX MOJIEKYN BOIBI, B OTJIMYHE OT 3apsIoB
MPOBOJHUKOB, OTNEIUTHCI OT MOJIEKYT HE MOTYT, TO,
CTajo OBITh, OCYIIECTBUTH DSJEKTPHUUECKYIO IPOBOIM-
MOCTh MEXAY KITaCTepHBIMHU, HE OIMHAKOBO 3aPSyKCHHBI-
MU TOYEYHBIMHU MOHAMH, He MoryT. CienoBaTenbHo, THI-
paTHpPOBaHHBIC MOHBI PA3HBIX 3HAKOB, OYAYYH B CTPYKTY-
pe obmaka I1IM, He HaXxOmATCSA B MOCTOSHHOM KOHTAKTE
JIPYT C OPYroM, W TpeObiBasg B XaOTHYECKOM IBIDKCHHH
BHYTpH 00J1aka, TOIBKO COYAAPSIOTCS, H TIOTOMY, B COBO-
KYITHOCTHU TUIa3Mbl "'JIOJDKHBI PACCMATPUBATBHCS JTMOO Kak
3apsDKEHHBIC Ta3bl, THOO0 Kak uaealbHas IUia3Ma U pas3iin-
Yhe MEXIY STUMH CpPeJaMH ONpeAessieTcs] COOTHOIICHH-
eM xapakrtepa pasmepa cpemsl R u paguyca JleGas™ [2, c.
197, 199, 1 a63.]. ITosiBIEHUIO TAKMX CHCTEM, COCTOSIINX
U3 KJIACTepHBIX MOHOB B Ta30BOi (pase, crocoOCTBYET TO,
YTO, B OTVIMYHE OT PAacTBOPOB, MOHBI Pa3HBIX 3HAKOB HE
HAXOJATCS B TIOCTOSSHHOM KOHTAKTE APYT C APYTOM H MPH
HEYNPYTUX  COYOApeHHsX  co3Jaercs  oOpa3oBaHue
HEUTPaJBHBIX KJIACTEPOB, B KOTOPHIX IPOTHBOIMOIOKHO
3apsUKCHHBIE MOHBI Pa3AeieHbl HEWTpaJbHBIMH 000JI04-
KaM{ BOIbL. Taxkmm oOpa3oM, 'Ta3 cOCTOAMINI W3 THIpa-
TUPOBAHHBIX MOHOB, TIOKPBITHIX HEUTPAIHHBIMH MOJEKY-
JaMH BOJIbI, HE MOXET OBITh IMPOBOAHHUKOM, W BCE OIH-
caHHble B paszzene 2.6 riaBbl 4 sBICHHS OKa3bIBAIOTCS
HeoObsICHUMBIMH" [2, ¢. 182, a63. 3], b0 BbIIECICHHE
SHEPTUH B BUIE IEKTPOCTATHYECKOTO HANPSDKEHUS BO3-
MOYKHO TOJBKO IIPH YCIOBHH BEINONHEHHS 3akoHa Kyio-
Ha, KOrJa B IUIA3MEHHOW CpEJe 4YacTU- Libl, B3aUMOZACH-
CTBYS MEXIy cO0OH, OCYIIECTBISIOT TPOBOAUMOCTH
3JIEKTPOHOB (B CiTydae riaBbl 4 BO3MOXKHO JIMIIG HA OCHO-
BE€ pa3pylleHus, O0JbIION pa3HOCTHIO MIOTEHIIHANA, DIICK-
TPUYECKOW MPOYHOCTH MOJEKYT BOJBI), UTO CO3Ma€ET
SNEKTPUYECKHA TOK M BO3HHMKHOBEHHE HAIPSYKEHHOCTH
3JIEKTPOMArHUTHOTO TOJIsI, BEKTOPHAS BEIHMYHUHA KOTOPOU
M0 3aKOHY HANpSHDKEHHOCTH IO, JOJDKHA HMMETh BO3-
MOXHOCTh OTOOpa)KaThCs B alureOpanveckoil Teopuu
CIIO’KEHHSI BEKTOPHBIX BEJIMYMH HAPSHKEHHOCTH JHUIIONb-
HBIX MOMEHTOB KJIaCTEpOB IIIa3MBbl, Yero, OJHAKO, HU B
MepBOM, HH BO BTOPOM CIIydae THIOTE3BI, KIacTEpHOI
HMOHHOW TH/ApATAallii MOJIEKYJIaMH BOJBI, BHIIIOJHEHHE HE
npexycMmotpeHo. CienoBaTeIbHO, MEXAY HEHTpaIbHBIMU
MOJIEKYTaM{ BOABI, THAPATHPYIOUINX HOHOB, KOTOPHIE HE
TOJIBKO TIOKPBIBAIOT HOHBI, HO W M3ONUPYIOT TOYCYHBIE
HOHBI IPYT OT JIpyTa, U Ha Jejie MPOBOAUMOCTE B IUIa3Me
OTCYTCTBYET, a TaKXKe OTCYTCTBYIOT M IETIOUHBIE CTPYK-
TYpPHBIE MOZEIHA HOHOB KJIACTEPHBIX COSANHEHHMH.
Homyctim, uto Craxanos WL.I1. B cBoeM npemmonoxe-
HUM, O BO3MOXXHOM IPOCTPAHCTBEHHO CTPYKTYPHOM IIO-

ISSN 2074-272X. Enexmpomexnika i Enekmpomexanika. 2013. No2 15



CTPOCHUHM TUTA3Mbl U3 THIPATUPOBAHHBIX MOHOB HA OCHOBE
LETOYHOr0 COCAMHEHHUSI KIIACTEPOB, MPaB U IEMOYHBIE CO-
©IMHEHHST COCTOST TOJIBKO W3 THPATOB OKCOHUEBBIX U IIE-
MOYHBIX CTPYKTYP MOJIEJICH HOHHBIX KIIACTEPOB, U (HOPMYJIIbI
HOHOB, €CTECTBEHHO, JODKHEI mucathest B Buze HzO'(H,0),
u OH (H,0);. IIpu 5TOM TOYEYHBIH 3a- P KaXKI0r0 HOHA
JIOJDKEH Oy/IeT OCYIIECTBISITh MOTEHIMAIBHYIO YHEPTHIO
CBSI3U Yepe3 TOCPEJCTBO IIEMOYHON HAMPSHKEHHOCTH JIH-
TIONTEHBIX MOMEHTOB MOJICKYT BOIBI ¢ 14-Thio, a He ¢ 7-10,
Kak ormoouno mpemonaraer W.IT. Craxanos [2, ¢. 191,
a03. 2], TMApaTMPOBAHHBIMH HMOHAMH TPOTHBOIIOJIOKHOTO
3HAaKa, TO €CTh OYJET OCYIIECTBISATH PACCPEIOTOUCHHOES
JICHCTBUE DHEPTHH HAPSHKEHHOCTH AIEKTPOCTATHYECKON
WHAYKIUY THAPATUPOBAHHOrO MOHA B 14-TH 00BEMHO KpYy-
TOBBIX HampaBieHusx. HO Torga KUHETHYECKas JHEeprus
Ppa3pyIIeHUs CBSA3H, PEAKIIMU PEKOMOMHAIMH, TOMKHA Oyjier
pachpeseNsaThCsl U3 pacuera TOJMbKO OJHOTO HAIpaBIICHHUS,
CYILECTBYIOIIETO MEKIY JABYMS THAPATUPOBAHHBIMU HOHA-
MH, YTO B YKCJIOBOM BBIp@XECHHH monydaercs B 14 pa3
MEHBIIIE BEIMYHMHbI MOTEHIMAIBHON DHEPrUU CBSI3U JIH-
MOJIBHBIMA MOMEHTaMHU 14-T MOJEKys BOJbI, THIPATHPY-
IOIMX M JJIEKTPUUYECKH 3allUINAIONMX HOH. be3ycnoBHO,
NP TAKOM COOTHOIICHHH BETMYUH SHEPreTUUECKUX TOJIEH,
MPEOJIONETh, MPOOUTH TUAIEKTPHICCKYIO MPOHHUIAEMOCTh
MOJIEKYJIbI BOJIbI PA3HOCTHIO MOTEHIMAIA TOYEYHOrO 3apsijia
THIPATAPOBAHHOIO HMOHA B 14 pa3 MeHbIIEH BEIUYUHBI
ANEKTPUYECKON TMPOYHOCTH MOJICKYJIbI BOJIbI, HE MPE/CTAB-
JSIETCSL BO3MOXKHBIM. BEpOsTHO, B CBSI3U C HEOMPE/ICIICHHO-
CTBIO PACUCTHBIX BBIKJIAJIOK M Bo3HUKaeT y CraxaHoBa M.IL.
BOIIPOC, a "MOXKET JM KIacTepHasi 000I0uKa MOMEIIaTh pe-
KOMOWHAITNH MOHOB B Ta30BOi cpeme?” W cam ke ydeHbIH
JTaeT OTBET, Ha ITOCTABIICHHBIN Bompoc: ''Ham npencTasisier-
st 9TO OECIIOPHBIM, KOTJ[d SHEPTHs THUIPATALUN TIPEBOCXO-
JIAT SHEPTHUIO, BBIIEIHIOITYIOCSA TPU UX pekoMOuHauu'" [2,
c. 190. a63.3]. 3arem: "Hrak, B ra30Boi (ase, Kazaaoch Obl,
MOT'YT BO3HHMKHYTh YCJIOBHS, KOTJIAa PEKOMOMHAIMS HOHOB
SHEPreTHYECKH HEBBITOIHA, KAK 3TO CIy4aeTCsl B PaCTBOpax
AneKTponuToB. OTHAKO CYTh THITOTE3bI, KOTOPYIO MbI CEii-
yac 00Cy)KIaeM, COCTOMT He B 3ToM. B paccmartpuBaemMoM
BBIIIIE CITy4ae CHCTEMa THIPATHPOBAHHBIX MOHOB OKa3bIBa-
€TCsl SHEPreTHYECKH YCTOMUMBOW: OHA HE MOXKET CIYXKHTh
HCTOYHUKOM SHepruu. Hac WHTepecyloT ycIioBus, KOraa
PpEeKOMOMHAIWS, HECMOTPSI Ha TO, YTO OHA BCE EIIIE TIPOUCXO-
JWT C BBIICIICHUEM SHEPTUH, 3aTOPMOXKEHA, T.€. CIIy4au Me-
TACTaOUIBHOTO, HEPABHOBECHOIO COCTOSHHUS chcTeMbl. K
COXKAJICHUIO, JKCIIEPUMEHTAIIBHOTO TTOJATBEPXKICHUST ITOrO
(hakTa moka orcyrctByroT" [2, ¢. 181, a63.3].

[Mpomomkast 00CyXIeHKE, TOMYIICHHBIX MPEAIONOKE-
HUi, O BO3MOXXHOCTH CTPYKTYPHBIX IOCTPOEHUH T'MIpaTH-
POBaHHBIMU MOHAMHU Ha OCHOBE OKCOHMEBOW Mojienu Ooree
CIIOXKHBIX KJIACTEPOB, MPU ITOM HEOOXOMMO MPU3HATH, YTO
B HACTOSIIEE BpeMsi OOHAPYKHUBAIOTCS YCTONYMBBIC CTPYK-
Typhl, Tak HasbiBaemble Kaatpatsl (H,0')z, cocrosmme u3
21 wmomekynbl Bomsl u mpotona [Holland and Castelman,
1980] [2, c. 195]. Ommako J0GOE TPEAIIONOKEHHE HITH
CCBUTKA HA IKCIIEPUMEHTAIIbHBIC TAHHBIE JOJDKHBI 00OCHO-
BBIBATHCSI YKA3aHMEM MPHYMHBI, KOTOpas CIOCOOCTBYET
BO3HMKHOBEHHUIO CTPYKTYPBI TOCTPOCHHSI THAPATHPOBAHHBIX
HWOHOB, B KakoM OBI TO HM OBUIO BHIE, JIMOO OKCOHMEBOM
H;O" u HyO," Momenn, mubo B Kakoif Apyroi cTpykKType
TIOCTPOEHMs] MOJIENH, K TpUMepY, B KoblieBoit HsO,' mwm
npoToHoneHTpuposanHoii H;0s" u HyOy'.

IIpu oTcyTCTBMM OOBSICHEHHS! IPUYMHBI, TPUXOIUTCS
HEI0yMEBaTh, IIOYEMY B TAaKOM 3aMEYATEIbHOM, C HAyIHOH
TOUKH 3peHus], (PyHIAMEHTAIBHOM TpPYZAE HET CaMoro IJIaB-
HOT'O, OCHOBOIIOJIATafoIIEro NMpu3HaKa, HET MBICIH O 3aKO-
HOMEPHOCTH, O0YCIIOBIHMBAIOIIEH 00pa30BaHUE THAPATAITIN
MOHA Ha OCHOBE KaKOro-In0o (PM3UYECKOro 3aKoHa, PUYH-
Hbl WIN YCIIOBHS, KOTOPBIC MOTYT YIIPAaBJIATH IHPOIIECCOM
CTPYKTYPHOTO TIOCTPOEHHSI THAPATUPOBAHHBIX MOHOB. Ecin
OBl CTPYKTYpHOE TOCTPOEHHE MOJENN THAPATHPOBAHHBIX
WMOHOB HAaXOAWJIOCH TIOJ YIIPaBIEHHEM KaKoro-imoo (usm-
YECKOr0 3aKOHA, TO PE3YAbTaT CTPYKTYPHOTO IOCTPOEHHS
MOJICNI MOHA, €CTECTBEHHO, ObLI OBl MPOrHO3HPYEMBIM, U
CraxanoB W.II. He cran ObI OTBIEKATHCS HA PACCMOTPEHUE
HEHY)KHBIX CTPYKTYp MOJIENEH KJIacTepoB, 3HEPIeTHUECKUE
XapaKTEPUCTUKN KOTOPBIX HECKOIBKO YCTYIAIOT OKCOHHE-
BBIM MozieisiM. [la 1 mpocTpaHCTBEHHOE 00BbEMHOE TIOCTPO-
€Hre TUIa3Mbl ObUTO OBl 3HAYMTENBFHO YIpoIieHo. Bo3mox-
HO, 3aJlyMKa THMIIOTE3bl KJIACTEPHOM MOHHOM TUIpaTaLluu
YaCTHI] CIIOXKIIIACh IpH o3HakoMiteHnu Craxanoemm MLIT. ¢
MCXOIHBIMU MaTepHallaMH HCCIIEIOBAHNH, IMPOBEACHHBIMU
10 M3y4eHHIo XMMHH D-ci10st nHoHOCEphI U BEPXHUX CIIOEB
3eMHOM aTMOCephl, B pe3yabTaTe KOTOPBIX OBUIO 0OHapy-
JKEHO OOIBbIIOE KOIUYECTBO O0pa30BAHUM THIPATHBIX 000-
JIOYEK MOHOB M TIOCKOJIBKY CUMTAETCS, YTO HCCIEIOBAHUS
001a1a10T OOJBIIION TOCTOBEPHOCTHIO, TO OHH Kak OB y)Ke U
HE TOTpeOOBaIM [OMOMHUTENIBHOM NPOBEPKH M JOKa3a-
TenbeTB? Mpest KiacTepHOW HOHHOW THIPATAIMH YaCTHIL
Mapa Ha OCHOBE MOHM30BAHHOrO O0OJaka KaHaja paspsaa
JIMHENHOW MOJIHMM Ka3ajach YK OYEHb 3aMaHuyMBOM, 10
abcyplia HAacTONBbKO IIPOCTOM, YTO HAlpallMBajach cama
co0oif: a Tak Kak arMocgepa 3eMJIHM PacronaraeT OONbIIHNM
KOJIMYECTBOM THIPATHPOBAHHBIX MOHOB, TO TOYEMY OBl 3TH
TU/IPAaTUPOBAHHBIE MOHBI HE CTPYNIIUPOBATh U TaK CO3/aTh
wia3my? Terepb MOHATHO MOYEMy, HA OCHOBE pa3psza Ju-
HEWHHOW MOJIHMM C TIPOIIECCOM O0Opa30BaHUs KaHala paspsi-
Jla, aKIIEHTOM PacCMOTPEHUS IOCTYKWIO, UMEHHO BO3HH-
Karolllee BOKPYr KaHala paspsia, MOHW30BAHHOE OOJIAKO
mamerpoM 1M, xKoTopoe mo mpeamonoxeHuio CTaxaHOBa
WN.II. u crmocobcTByeT MOHM3ALMM Pa3HO3APSDKEHHBIX Ya-
cruil, a 3ateM B Teuenue 0,2 CeKyHJIbI OCYIIECTBISIET TH/Ipa-
TAlMI0 MOHOB HEWTPaJIbHBIMM MOJIEKYJIaMU TIapoB BOJIbI,
XOTSI TPOLIECC KAK-TO OOBSACHAETCS OOBIIEHHO Mayo, HeT
3aBEPLUEHHON 3aKOHOMepHOCTH. Ho, BEpOsATHO, HA TOT MO-
MEHT BCE Ka3aJloch €CTECTBEHHBIM, KaK 3TO CYIIECTBYET B
caMO¥H TpuUpoIie, a Ha JieNe IIPUBENIO aBTopa K OMIMOKE, BbI-
OpaHHOrO MM HAIpaBJICHUs TMIIOTE3bl HOHHOW TMApaTalliH.
Ommbka i 310? omyctuM, uto Het. CraxanoB H.I1. Obut
NIEPBBIM Y UCTOKOB 110 co3nanuio I1IM ecrecTBeHHOro Ipo-
UCXOXKIICHHS. ¥ CBOMM TPYAOM Jajl TOJIHOE O0OCHOBAHHOE
npencrasieHue o ceoiictee 1M, kak 0 HU3KOTEMIIEpaTyp-
HOM IIa3MEHHOM PEAKTOpE, YEro J0 HEro HUKTO C/eaTh He
cMor. VIMEHHO OH i)l HAy4HOE NOSCHEHUE CYILECTBYIOLIEH
pasHuiie Mexay (as3oil raza, uueaNbHOW W HeWAeaIbHOU
mwasmoid. U1 gerko, kak oOpesa, mpemocTeperaroe 3asiBui
MHOTOYHCIIEHHBIM HCKAaTe/sIM ILIAPOBBIX MOJHUM, J10Ka3bl-
BAIOIIMX CBOE IPaBO  IIEPBOOTKPBIBATENSL  MOJIEIU
[IIM:"O005104KH C OYECHDb CIIOXKHOM U PA3BUTOM CTPYKTYPOit
MOTYT CYIIECTBOBAaTh TOJBKO IPH HU3KOH TeMIiepaType U
BBICOKOW IUIOTHOCTH, W 9TO MOXKET OBbITh IPUYUHON TOTO,
YTO 3TO BEIIECTBO HE YJAeTCs MONYYUTh B OOBIYHOM Ia3o-
BoM paspsine” [2, ¢. 199].
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T'UITOTE3A KJIACTEPHOM JAUTIOJIBHO-

MOJIEKYJISIPHOM IIIAPOBOM MOJIHUH

3amava, KOTOpas MMOCTABJICHA, PEIIACTCS TEM CIIOCO-
0oM, 49TO B ToMCKax moctpoeHus mozenu M momxHO
OBITh TIPUHATO KAYECTBEHHO HOBOC OIPEHACICHUE W OHO
3axnmrogaercss B ToM, 9To IIIM — 3TO ecTrecTBeHHOE IIpH-
poaHOe 00pa3oBaHue eaUHOE C POIHUA 0Opa30BaHHUIO TPO-
30BOr0 00JIaka, KOTOPOE B COOTBETCTBHUH C ONPEICTICHIEM
akamemuka B.M. BepHaickoro mMeeT CBOM OCOOCHHBIC
TPaHUIEI aHOMAJBHOTO aTMOC(HEPHOTO SBICHUS C CIH-
HBIM 3aKOHOM IIPOUCXOXKICHUS, U CYIIECTBYET B CBOCH
cpezie, Hepa3phIBHO C HEW CBA3aHHOW, COXPAHSICH 33 CUET
JMUHAMUYECKOTO PABHOBECHS BHEIIHMX W BHYTPEHHUX
MIPOIIECCOB, W SIBISCTCS JIOTMYSCKH 3aMKHYTOH TPUPOJI-
HOU CHCTEMOM, KOPPEIHPYIOMIEH ¢ OOMHUMHU CBOHCTBAMH
MEXaHN3Ma BO3HHUKHOBEHHUS U cymectBoBanus M. Cu-
CTeMOi#l ¢ JHepruell BO30YKIICHHBIX aTOMOB M MOICKYI
BEIIECTBA, CYMIECTBYIOMIEIO TAKXKE 3a CUET SHEPTHH, BEI-
CBOOOXKTaeMOW TPH PEKOMOWHAIIMK KIIACTEPOB CHCTEMBI
mwiasMenHoii moxenu. Croco0 cosmanmst moxenn 1M,
OCHOBaH Ha (PM3MUYECKOM 3aKOHE IHEPreTHYECKOTO JeH-
CTBHSL Ha BOJASHOW Map MarHUTHBIM IMOJIEM 3€MHOTO TIPO-
Iecca, MPEeBPAIIAOIINA BOLY C OOBIMHBIM (HU3UIECKUM
CBOWMCTBOM B BOZY C (DM3UIECKHM CETHETOICKTPUICCKUM
cBoiictBoM. Kak yxke OBIIO OTMEUEHO BEIIIE Hambolee
BEPOSITHBIM MeCTOM BO3HHKHOBeHms L[IM sBisiercst mpo-
CTpaHCTBO BO3JIC KaHaJla pa3psa JIHHEHHOW MomHnn. Kak
BCSAKAN TIPOBOMHUK, KAaHAT Pa3psaa, HAXOMSIIHHACS IO
BBICOKUM JSHEPTHYECKUM TIOTCHIIMAIOM pa3psia JIHHEH-
HOW MOJHHH, OKPYXECH HE TOIBKO HOHM30BAHHBIM KO-
POHHBIM O0JIaKOM, HO W IMUPOKOW 0OIacThio He MeHee 1
MeTpa B IHaMETPEe MAarHUTHEIM ITOJIeM, KOTOPBIM BO Bpe-
M pa3psaa JTUHESHHON MOJHUU TPOU3BOIMTCS SHEPTETH-
YecKoe JCHCTBUE Ha BOMSHOU map, 00pa30BaHHOTO TEM-
[epaTypor MCTOYAIOMIET0 Pa3psiAoM JIMHEHHOW MOJIHUU.
B Omm3m 3emim HaWTH BOAY HE COCTABISIET OOJBIIOTO
Tpyna. OHa MOXKET COIEPKaThCs B OONBIINX KOTMIECTBAX
B BO3IyXe, B BHUIEC THAPAaTUPOBAHHBIX WOHOB W HA IIO-
BEPXHOCTH 3E€MJIM, Ha JIUCTHAX U HA IPYTHX MpeaMeTax B
BUJIE POCHL. 3a BpeMs paspsiga MoiaHuH, 3a Bpems 0,2 ce-
KYHIIBI, BOJAa HCHAPSAETCS ¥ 3alONHSICT 3HAYATEIHHBIN
MIPOCTPAHCTBEHHBI 00BEM, T/Ie BOAAa pacIpenciicHa B
Bujie yacTuIl mapa [2]. TemmepaTypa mpocTpaHCTBa BO3JIE
KaHaja paspsjaa, Te BO3HHKaeT obiako mapa IIIM, Bo
MHOTO pa3 HIDKE TEMIIePAaTyphl KaHaa pa3psaa MOIHIH U
€Ba T TIPEBBIIIACT, OCOOCHHO B TepH(epHIecKux da-
CTSIX TIPOCTPAHCTBA, HECKOJIBKO COTEH TpaaycoB. B Teue-
nue 0,1-0,2 cexyHmpl obnako mapa OBICTPO OCTBIBAET U
IIPY OCTHIBAHWU COCTOSIHUE TIapa, HAXOIAIIETOCS IO
BO3JICIICTBUEM MArHUTHOI'O MOJISl KaHala paspsijia JUHEH-
HOW MOJIHMH, KOTOPBIM TAK)K€, KAK U CHIKEHHUE TEMIIepa-
TYpHl TIapa, CHIKAeT WHTCHCUBHOCTh HAIPSDKEHHS Mar-
HUTHOTO TIOJISA, YTO TPUBOIUT K CTEUYCHHUIO YCIIOBUSI, KO-
I71a TeMmIeparypa MapoBOoro objaka W HaANPsHKEHHOCTh
MarHuTHOTO MOJs JOCTUraroT ycnoBHid 3akoHa Kropw,
SKCIEPUMEHTAJIBHO YCTaHOBJIEHHOM KOHCTaHThl Kropw,
P KOTOPOH COOTHOIICHHE HANPSHKEHHOCTH MAarHUTHOTO
MoJIsL ¥ TeMIiepaTyphl napa Benuuunoi +10 °C craHoBHT-
Cs1 paBHOM:

HI(T+ AT,) = -0,79 [3], (1)

YTO €CTh KOHCTAHTa HAMarHMYE€HHOCTH BOJBI.

Ha puc. 1 rpaduyeckn mpencraBieH mporiecc
HAaMarHWYMBaHMS IIAPOBOTO O00JaKa, HPOUCXOIAIINN B
COOTBETCTBUU C ycioBueM 3akoHa Kiopu, rune H — Hanps-
JKEHHOCTh MarHuTHoro moias B A/M, T — aOcomroTHas
Temmeparypa, T, — TemreparypHas touka Kropu, E (I, U,
B) — omexrpudeckas HANpsUKCHHOCTh KaHala paspsiaa
JIMHEMHON MOJIHUHU.

Puc. 1

Tak, XaoTHYECKH HAIMPABICHHOTO PACIOIOXKCHHUS
JIMIIONGHBIX MOMEHTOB, B pe3yiibTaTe M3MEHeHus (CKad-
KOM) (ha30BOM TPOYHOCTH CTPYKTYPHI TIOCTPOEHUS Mapa
BCe, JI0 3TOTO JCHUCTBYIONIVE, KYJIOHOBCKAE W BaH-JCP-
BaJIbCOBBIC BOJIOPOJHBIC CBSI3M WCYC3AIOT W JHITOIHHBIC
MOMEHTHI MOJICKYIT TOBOPAYHBAIOT CBOU OCH, OPUCHTUPYS
WX BIOJb W TIPOTUB HATIPABIICHUS JICHCTBUS CHIOBBIX JIH-
HUN SHEPreTUYECKHUX MOoJIEH U HEYCTOMYUBOE COCTOSTHUE
aHU30TPOINHH, B TPOIECCE PA3YIIOPSIOUCHHUS TUTTOTBHBIX
MOMEHTOB TIapa, CMEHSCTCS Ha COCTOSHHE, KOTJa BCe
MOJICKYJTBl BOJOpPONAa W KHCIOPOAa OOpETAroT IONHYIO
cBOOOIy TepeMenIeHrsA. DHTPONUS pachana CTPYKTYPHI
COTIPOBOXKIAETCS BBIACIICHIEM YHEPTUH, KOTOpas TYT JKe
MOTPEOIIIETCSI Ha TIPOILECC YIOPSIOYSHUs, YTOOBI Bce
JIUTIONBHBIE MOMEHTHI, BBICBOOOUMBIINXCS OT TE€TEPOIIO-
JIIPHBIX BOJOPOIHBIX CBSI3€H MOJEKYJ, IepeMeInas ux, B
3aBUCHMOCTH OT TEMIIepaTyphl Imapa objaka, CO CKOpO-
creio ot 107 0 107 [2, c. 202] B cexynay, m3MeHMmIH
cTpykTypy [2, c. 190-194, 208] BHYTpEHHETO IOCTPOCHUS
KPHUCTAIUTNYECKUX pemeTok Mozaenu noHos (H,O), Bomb!
C Xa0THYECKOH JTUTIONBHON HAIPABIEHHOCTHIO MOJICKYI U
BBICTPOWJIM MX B LETIOYHBIA BU] Hs0,", H;05" u HyO,"
mozenei nonoB. Ilo neficTBEM MarHUTHOTO IIOJII M3BHE
BCE JUITONIEHBIC MOMEHTHI KJIIACTEPOB OOPETAlOT OpPUEHTA-
U0 HATPABICHHOCTH BIIOJb CTOPOHBI EHCTBHSA CHIIO-
BBIX JIMHUHA HANPsHDKCHHOCTH MArHUTHOTO TIOJS, W TpH
ATOM IWIIONU TIEPECTPAUBAIOTCA B ITOCIEIOBATEIHFHO I1a-
payenpHbIe COCAWHEHUS KIACTEPOB LEMOYHONH MOJIEIH
suga H,0;" u HgO,", Tme Ha ocHOBe rerepomomspHOi
CBS3M TIPOUCXOMUT TIPHCOCAMHCHHE TIOJOXKUATEIHHOTO
3HaKa IMIOTEHNHANTa HANPSHKCHHOCTH [UIONS HIKHETO
KJlactepa K OTPHIATEIHFHOMY 3HAKy IOTEHIMAalla HaIps-
JKEHHOCTH BEPXHETO TUTIONSA, PSIOM CTOSIIEro, KiacTepa
(Taxke, KaK 3TO COOTBETCTBYET COCOMHEHHUIO XHMUYE-
CKMX DJJIEMEHTOB B 0aTapero), 4T0 COCTABHT CyMMY
HATIPSHKEHHOCTH JTATIONBHBIX MOMEHTOB KIIACTEPOB B Iie-
IMOYHOM COCIUHEHUHN

EZ:E1+E2+...+En, (2)
rIe CyMMapHas COCTaBIIIOIAsS, SBISSICH HAIPSDKEHHO-
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CTBIO UIEKTPUYECKOTO TOJIS, TaKKe HaXOANUT OTPakKEHHE
B anreOpaMyeckoil TeopuH CIOXKEHHS KOJUIMHEAPHBIX
BEKTOPHBIX BEJIMYHMH HAIMPSHKEHHOCTH JUIONBHBIX MO-
MEHTOB KJIacTepOB IapoBOro otsaka, u rae "'n" ompene-
JISIET KOJIMYECTBO KJIACTEPOB B IIOCIEIOBATEIBHOM Iie-
MIOYHOM COEIMHEHUH, JJIMHA KOTOPOTO paBHa CpemHei
BBICOTE ITaPOBOTO 00JIaKa, a CaMU BEPTHKAJIbHBIE ITOCIIE-
JIOBaTEIbHO IOCTPOCHHBIC IICTIOYHBIC COEAWHEHHS Kia-
CTEPOB, ITIYTEM BOJOPOJHOH CBS3W, COCIUHSIOTCS B Ta-
pauIenbHble COSAMHEHNS MEKTPUIECKUX IeNel mapoBo-
ro obJaKka M ye NpeACTaBJISIOT co0oi OombIIoe IIa3-
MEHHOE 00JIaKO COENMHEHUS, YTO SIBISIETCS IPOIECCOM
mepexofa BOABI C OOBIYHBIM (PU3NYECKHM CBOMCTBOM,
CBOMCTBOM JMAJIEKTPHKA BTOPOTO Ki1acca, B BOLy ¢ hHU3H-
YECKHM CETHETO3NIEKTPHIECKIM CBOMCTBOM, Korza oopa-
3yercsl ycioBHe COOTBETCTBUs 3akoHa Kyona [2, c. 216]
U B MapoBOM OOJaKe BO3ZHHUKAET 3JIEKTPOIPOBOIUMOCTE.
ITpn 3TOM Ha OBEPXHOCTSIX OOJIaKa CO3JAaeTCsl Pa3sHOCTh
MIOTEHIMaja B BHAE JIEKTPOCTATHUECKOTO HAIPSIKESHUS
BBICOKOTO TOTEHIMAaja, PaBHOTO CYMMAapHOH BEIMYHHE
HAIPSDKEHHOCTH KaXKAOT'0 JIMIONBHOIO MOMEHTa BCEX
KJIaCTEpPOB IapOBOT0 00JIaka, COSANHEHHBIX B MOCIIEI0BA-
TeIbHBIE LETTOYKH C CYMMapHO! pe3ylbTUPYIOIICH

n
Es =) A @)
i1
1 EMKOCTBIO 3apdaa
K
Q=2n-) f(p;)ANjm, (4),
i1

r7ie N — YMCII0 AUNOJIEH KiIacTepoB B IUIOMIAIH MoIepey-
HOTO CEYCHUs 00JaKa, p — HNEKTPUIECKUH MOMEHT eau-
HUIBI 00beMa U M = (| — 2JMEKTPUYECKUN TUITONBHBIMA
MOMEHT, 4TO B BbIpaxkeHHH DJ[C 35eKTpocTaTHdecKoro
HaINpsDKeHUs U1 1o1a3Monaa pasmepom 20 cM B 1uamer-
pe cocrasut 6omee 30 kB [2, c. 201, a63.2].

ITockonbKy, B COOTBETCTBHM C (DM3MUYECKUM 3aKO-
HoM, BemecTBO 11IM oGnazgaeT moBEpXHOCTHBIM HATsIKe-
HHEM, TO, IIPY IIEPEXO0JIC BOJBI B COCTOSHIE CETHETOIIIEK-
TPUYECKOTO O0JIaKa, OHO HMEET TCHICHIMIO I0J00HO
pacTAHYTOH yHpyroi IJIeHKe cOOMpaThCsl B OAHOM MECTE
u obecrieunBaeT npeBpalieHue, u3 nepponavaisHoro 0,5
M® 0GbeMa MapoBOro 06Iaka ¢ OOBIYHBIM CBOHCTBOM BO-
IIbI, B c(heprveckoe mIa3MEeHHOE, SHEPreTHIeCKoe 00JIaKo
pasmepom 20 cM B quamerpe [2, c¢. 206-207]. Ilpu mosiB-
JICHUH Ha TIOBEPXHOCTSAX CETHETOIEKTPUIECKOro olaka
OJIC ¢ BBICOKAM 3JICKTPOCTATHYCCKAM TIOTCHIIMAIIOM,
IUTA3MOU/T HAUMHAET B3aMMOJICHCTBOBATh C OKPY)KAIOIIN-
MH €r0 MOHAMH BO3]IyXa, YTO MPOSBILIETCS 3(PPEeKTOM
CBETSIIEro BOKPYT IUIa3MOMIA 3JIEKTPUIECKOI0 KOPOHH-
pOBaHMs, KOTOPOE O3HAYAET BOSHHUKHOBEHHE 3JIEKTPHUC-
CKOTO TOKa M, €CTECTBEHHO, BO3HUKHOBEHHE CBOET0 CO0-
CTBEHHOTO y IUTa3MOMJA MAarHUTHOTO IIOJsI, KOTOpOE
YIEpKUBAET IUIA3MOWA OT HCIAPEHUs W 3TO IO3BOJSET
TONYYHTh XOJNOAHYIO (C TeMIepaTypoil OKpyKaroreit
Cpeasl), W3 Mapoodpa3HOi IUTa3Mbl, SHEPIETHUESCKH CBE-
TAMIYIOCS W OOOCOOJIEHHYIO OT BHEIIHEr0 JHepreTHde-
cKoro uctoyHuka, I1IM ecTecTBEHHOTO MPOUCX OKACHHUS.

BeiBoa. Tak kak NPUHLMI CO3/IaHUS U JUIUTENBHOE
cymectBoBanue mozenu LM, HecmMoTpss Ha BCHO He-
OOBIYHOCTP 3TOTO (paKTa, OH OCHOBAH Ha HAYIHO OOOCHO-
BaHHOM (DYHIAMECHTAJILHOM 3aKOHE (DPM3UKH, H3BECTHOM B
Hacrosiiiee BpeMs [3], ¥ KOTOpBIH He MPOTHBOPEYUT CIIO-
co0y ero mpoW3BOICTBA H MPEACTABISIET COO0M YHUKAIb-
HBIA KJIACTEPHBIN TUIOJIBHO-MOJIEKYPSPHBIH I1a3MEHHBIN
peakTop, pabOTAIOIMI MPH OTHOCHUTEIBHO HHU3KHX TEM-
nepatrypax, U KOTOpPBIi MOXXHO HMCKYCCTBEHHO CMOJEINH-
poBaTh, mpou3Boas ero B naGoparopusix ycmoBmsix (Ila-
TeHT Ha KopucHy moxenb Ne 68032 Bixm 12.03.2012 —
Crioci6 ozepskanHs KyboBoi GickaBku). Kak HamgeroTcs
I'epmanckue ¢puznkn n3 MHCTHTYTA (DU3UKH TUIA3MBI FIM.
Makca Ilnanka u bepauHckoro yHueepcutera UM. I'ym-
0onmbToa, YTO WCKYCCTBEHHBIE OOBEKTHI, HA3BIBAEMBIC
IIaPOBBIMH MOJIHUSIMH WJIH TUIA3MOWAAMH, B TIEPCIIEKTHUBE
MO3BOJIAT Pa3paboTaTh TeHEPATOPHI IDIa3MBI, HEOOXOIH-
MOH [UIS TOAZEPKaHNS PEAKLIH TEPMOSIIEPHOI0 CHHTE3a.
B cBoMX mOmNBITKaX NPUPYUIHUTH MIAPOBYIO MOJHMIO yde-
ueie IlerepOyprekoro mHCTHTYTA simepHON ¢Gu3uku PAH,
TI0 UX K€ 3asBJICHHIO, TAKXKE TIOJIy4aT BO3MOXKHOCTD IIPH-
OnMM3UTBCS K TO3HAHWIO SIBICHWH, CBA3AHHBIX C CyIIe-
creoBanueM HJIO.

CIIUCOK JIMTEPATYPBI
1. Paruc IOJL EctectBo3HaHHe. DKOHOMHKA. YIIpaBJCHUE.
C6. Hayu. Tpynos. Crerr. Boimyck. Camapa, CI'AY. — 2003.
2. CraxanoB W.II. O ¢u3nudeckoii mpupoae mapoBoil MOIHHH.
M.: HoBbtit mup, 1996.
3. TIeep Kriopu. N36pannbie Tpyabl. MarHUTHOE CBOMCTBO TEIl.
W3n. Hayka, 1966.

Bibliography (transliterated): 1. Ratis Yu.L. Estestvoznanie.
"Ekonomika. Upravlenie. Sb. nauch. trudov. Spec. vypusk. Samara,
SGAU. - 2003. 2. Stahanov |.P. O fizicheskoj prirode sharovoj molnii.
M.: Novyj mir, 1996. 3. P'er Kyuri. Izbrannye trudy. Magnitnoe svojstvo
tel. 1zd. Nauka, 1966.

Hocmynuna 25.11.2012
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Savich E.V.

Secret of a ball lightning.

A ball lightning is a natural phenomenon that occurs at a streak
lightning stroke with its action by thermal and magnetic energy
releasing around the streak lightning channel and transforming,
in the end, the surrounding air into a steam cloud that transits
into ferroelectric state under the magnetic field action.

Key words — ball lightning, streak lightning stroke, magnetic
field action, steam cloud transition, ferroelectric state.
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YETBEPTOE COCTOSHHUE BO/bI

Yemeepmuii cman 600U — ye 600AHA NAPA NiO eHEPZEMUUHOIO OI€0 HANPYyHCeHOCMI MAZHIMHKO20 noaa 6 mouuyi Kwopu, y mo-
MeHm MAazHimnozo haz06020 nepexody 3Hax00UMs 61ACMUGICIY CEZHEMOEIEKMPIYHOT NAAZMU, AKA € OCHOBOI) YMEOPEHb Ma-
KUX RpUpoOHUX AUy, AK 2P0306a XMapa i Ky1eeUOHa ONUCKABKA, 30aAMHUX 3d NEGHUX MO8 UOINAMU OIUCKABKOSI PO3pAdU |
npu euGyxy 6e1uKy KilbKicnb menioeoi enepeii, wjo xapakmepHuii 0ia HU3bKOMeMNePpamypHozo peaKmopa.

Yemeepmoe cocmosanue 600bl — INO 00ANHOI NAP NOO IHEPLEMUYECKUM 8030€UCIMEUEM HANPAINCEHHOCU MAZHUMHO20 NONA 8
mouke Krwopu, 6 momenm maznumnozo pazo02o nepexooa oopemaenm CeOUCHEO CEZHEMOINEKMPUUECKOI NAA3Mbl, KOMOpas
ecms 0CHO8a 00PA306AHUIL MAKUX NPUPOOHBIX ABIEHUIL, KAK 2P03060¢e 0011aK0 U WaApoeds MOJIHUA, CHOCOOHBIX NPU OnPedeleH-
HBIX YCN08UAX BbLOCTAMb MOTHUIIHBIE PA3PAOBL U NPU 63DblEe DOIbUIOE KOTUYECIEO MENI0680 IHEPIUU, YMO XAPAKMEPHO 0N

HU3KOMeMNepamypHozo peakmopa.

Iean cTaTbu 3aKII04aeTcss B 0OOCHOBAHHOM OIIpe-
JICIICHUH MOHATUS. YETBEPTOE arperaTHOE COCTOSHHE BO-
I6l. B Hacrosimee BpeMsi M3BECTHBI TOJBKO TPH arperat-
HBIX COCTOSIHUH — 3TO BOJa B HJKOM BHE, B BHJE JIb/A
n napa. Ecimm KoMy-TO HEM3BECTHO, TO JUCTHIMPOBAHHAS
BOZA MO KJIACCHYECKOMY OIPEHENCHHUIO — 3TO MOISPHBIN
JUAIIEKTPUK CO CBOMCTBOM JUAIEKTPUKA BTOPOrO KIIacca,
Yy KOTOPOrO MHpH OTCYTCTBHHM BO3JIEHCTBUS BHEIIHETO
IJEKTPUYIECKOrO MOJSA BCE IUIIOIBHBIE MOMEHTHI B IIPO-
CTPAaHCTBE COPUEHTUPOBAHBI XaOTUYECKH, U BCIEICTBHE
9TOr0 PE3yIbTUPYIOUIEE MOJI€ BOKPYT MOISIPHOTO TUAJIEK-
TpUKa paBHO Hymt0. Ilox nelicTBUEM e BHEIIHErO dMeK-
TPOMArHUTHOTO TIOJSI MOJIEKYJIBI BOJBI, & CTalo OBITh, U
ee JIUMOJIbHBIE MOMEHTHI, ITOBOPAYMBAIOTCS Ha BCTPEUyY
JIEWCTBHS 3JIEKTPOMATHUTHOTO TIOJIT M OCH JTUITOJIBHBIX
MOMEHTOB OPHEHTHPYIOTCSl MPOTHB BHemHero momst. C
YCTPaHEHUEM BHEIIHETO AJIEKTPOMATHUTHOIO MOJIS OIS~
pu3anus IU3JIEKTpUKa, T.€. BOABI, ncuesaer. Takum odpa-
30M, HONSPU3AIMSA BOABI HPEICTABIAET CO0O0H, Kak OBl
YOPYroe CMELEHUE NIEKTPUIECKUX 3apsiOB B BEIECTBE
JIMAJIEKTPUKA, T.€. BHEIIHEE OJJIEKTPOMArHUTHOE IIOie
[PEOI0JIeBAET COMPOTUBIICHHE, CYILECTBYIONIMX CHIT (CHUT
BaH-J[eP-BaIbCOBOr0 MPHUTDKEHHUS) BONOPOIHBIX CBSI3ei
BOJIBI, YASP>KUBAIOIINX paBHOBECHOE ¢usnko-
XMUMHYECKOe cocTosgHuE. IIpn HEKOTOpOH ompeneneHHon
BEIMYNHE HANPSDKEHHOCTH 3JIEKTPOMArHUTHOTO  ITOJIS
CMeEIIECHNE 3aps/IoB, a BEpHEE, N3MEHEHHE YIIa TOBOPOTa
ocell QUMONel MOJIEKYN BOJIbI, JOCTUTAET MpeeiIbHOH,
KPUTHUYECKON BEIMYUHBI, IOCIE Yero IMPOMCXOAUT pas-
PYIICHHE TeTepO-TIOJSIPHBIX CBS3CH W HacTymaeT mpoOoid
JIMAIIEKTPUKA, B PE3YIIbTaTe KOTOPOTO JUIIEKTPUK TEPSIET
CBOM M30JIMPYIOIIME ¥ MarHUTHBIE CBOWCTBA M CTAHOBHT-
¢st ToKompoBoasmuM BemectoM [1]. st Bomsl mpoGoit
O3HA4YaeT W3MEHEHHE XUMHKO-(DU3UUECKHX CBOMCTB
BHYTPEHHEH CTPYKTYPhl TOCTPOCHHUS KPHCTAJUIMIECKUX
pELIETOK BOBI, PE3YIBTATOM HM3MEHEHHS KOTOPBIX HpO-
HCXOZNT XUMHUUYECKas PEAKIHs C BBIICICHHEM BOJOpPOJA
H, rpynme! ruapokcuabHbIX ocHoBanuit OH 1 3mekTpo-
Ha e . DIEeKTpU4YecKuil mpoOoi BOIBI M, CBA3aHHBIH C
9TUM SIBJICHHEM, MOSBICHHE B BOJAE T'MAPATHPOBAHHOTO
9JIEKTPOHA, BBI3BIBAIOIIETO Y BO/BI TOSBIICHHUE IOIy0OBa-
TOr0 OTTEHKA, Y MHOTHX HCCIIEAOBATENEH acCOLMUpPyeTCs
C IEPEXO0M BOIBI B CETHETOAIEKTPUYECKOE COCTOSHHUE,
qyro sBisiercst omuOkod. ITo cTpykType XaoTHueckoro
JUMNONBHO-MONEKYISIPHOTO  BHYTPEHHETO  MOCTPOCHUS
BOJIBI, C €€ MEKMOJIEKYISIPHBIMHU T'€TEPOIIOIAPHBIMU CBS-

35IMH CHUT TIPUTSDKCHUS U OTTAJIKUBAHUSA, TIE PACCTOSTHUS
MEXIy MOJICKYJIaMU >KUIKOW BOABI Majo U, YTOOBI Ipe-
OIIONICTH CHIIBI TIPUTSDKEHUSI, C IENBI0 TIOBEPHYTH BCE M-
TIOJTM MOJICKYJ B OJHY CTOPOHY W TIPOTHB HATpaBICHUS
SHEPTETUYECKOTO EHCTBUS 3ICKTPOMATHUTHOTO TOJS, Y
JKUIKOH BOZIBI HET TaKOW BO3MOXKHOCTH W TIPH OIIpe[ie-
JICHHOHM BENWYHWHE 3JICKTPOMATHUTHOTO TIOJS CHJIBI TIPH-
TSOKCHUS Pa3pyIIaloTCs, W HACTYIMACT AIICKTPUICCKHUHA
npoOoii. Bo3HMKaeT Bormpoc, a MOXKHO JIM CO3/1aTh YCTOM-
yrBoe (YHOpAIOYEHHOE) HaMarHHIUBaHHE KUIKON BOIbI
1 9TO K€ Takoe map Boabl? VM3BecTHO, map — 3TO COCTOS-
HHUE BOJBI B BUE T'a3a, COCTOAIIECTO U3 YACTHII Mapa, TIe
OTCYTCTBYIOT  CWJIBHBIC KYJIOHOBCKHE ¥  BaH-JIEp-
BalIbCOBBIC B3aMMOJCUCTBHS MEXKIY IHUITONEHBIMH MO-
MeHTaMH. YacThIla e mapa 3TO BEIMYHHA, OMPENEIIo-
Iasi B CBOEM COCTaBe OJHY FUTH HEOONBIIYIO TPYIITY KPH-
CTAJUTMIECKHUX PEIICTOK BOJIBI, PACCTOSHUE MEXKIY MOJe-
KyJIaMU KOTOPBIX OKa3bIBACTCS YBEIMUEHHBIM ¥, HA OCHO-
BaHUH (PU3MUYECKOTO 3aKOHA, BEITMYMHA CHJI COMPOTHUBIIC-
Hus (IPUTSOKEHNS) TETEPOTIONAPHBIX CBA3CH yMEHbIIAeT-
csl TIPOIOPIIMOHANFHO KBAAPATy PACCTOSHUS MEXKIY MO-
JIEKyJTaMH TIapa W CTaOMIBHO CYIICCTBYIOT B HAIIa30HE
TEeMIepaTypbl BHYTPUCTPYKTYPHOTO [ABJICHHUS, B COOT-
BETCTBHEM C JTHM HCIBITHIBAIOT MAarHUTHBIC (Da3oBBIC
MIEPEXOMbl, YTO MPUBOAUT K YCIIOBHIO, KOTZIA, TIPH OTIpe-
JISIICHHOM COOTHOIIICHUH BEIWYHMH TEMIICpaTyphl Mapa H
SHEPreTUUSCKOTO BHEITHETO ACUCTBHSA JIICKTPOMATHUT-
HOTO TIOJIA, Tap HAMAaTHUYHBACTCS, MPU STOM OCIabJIeH-
HBIC TETEPOTIOIIPHBIC CBA3M Mapa UCUE3al0T U MOJICKYIIBI,
a TakKe B IIETIOM W YaCTHIBI Tapa, OOpETaloT IMOJIHYIO
cB06OY (pa3ymopsmoueHne) TIepeMeIIeHns B Ha OCHOBa-
HUM 3aKoHa (U3WKH, CBOOOJHO TIepeMeImaromuecs u
HaXOMAIIMEeCsS TOHA JeHCTBHEM BHEITHETO AJIEKTpOMAr-
HUTHOTO TIOJIS, MOJICKYIIBI M YaCTHUIIBI TIapa TPEKPAIaroT
CBOE Xa0THYECKOE TEpEMEIeHNE W CTaOMIFHO YCTaHAB-
JMUBAIOTCS OPHCHTAIMEH MONAPHBIMH OCSIMA CBOWX JIH-
MTOJBFHBIX MOMEHTOB BIIOJIb HATIPABIICHUS ACHCTBHS CHIIO-
BbIX JIMHUWA 3JIEKTPOMAarHUTHOro mojis. VMIMEeHHO Takoe
OTIPEeNICIIEHHOE COOTHOIICHNE BEIMYWH HATPSKCHHOCTH
MarHATHOTO TIOJISI M TEMITEPATyphl, TIPH KOTOPOM TIPOHC-
XOIUT HaMarHUYMBaHUE IHMAMArHUTHBIX BEIIECTB, B TOM
YHCIIe W BOABI, HEKOTZAa AKCIEPHUMEHTAIBFHO OIPEHCITHII
I1. Kropy, u TeM cambIM, YCTaHOBWJI 3aKOH HaMarHM4KBa-
HUS BEUIECTB, MPOXOMSIINX IPH HATPEBAHHUW M OXJIa-
JKaeHun depe3 Touky Kiopu. OmHaKo ClieayeT 3aMeTHTh,
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9TO BO Bpems dkcriepumenTa, [1. Kropu mpoBoamn orpe-
JieeHue Kod(QQUIMEeHTa HAMAarHAYHBAaHUSA, M B YaCTHO-
CTH BOJIBI, UCIIONB3Ys UCKIIOYUTEIHLHO TOJNBKO BOMY, a HE
map. VcmeiTyemas B 3KCIIEpUMEHTE BOJAa HAXOIWIACH B
3ammassHHON aMITyje, T.. B 3aMKHYTOM, HAIIOTHEHHOM BO-
Joil o0BeMe, a Tak Kak BOJA, B OTIMYHE OT JAPYTUX Be-
IIECTB, NP HATPEBaHHWW HE PACIIMPSCTCS, HO, CTECHsIe-
Masi CBOMM BHYTPCHHUM JaBIICHHEM, BOJIa HE MOTIJIa Tie-
peXomuTh B cocTosHUE mapa, u [1. Kropwu, B akcriepuMenTe
[0 OTIpeNeNeHII0 KO PUINICHTa HAMAarHHIEHHOCTH Be-
IIeCTBA, HE YCTAHABJIHMBAN (PaKT MArHUTHOTO (ha30BOTO
mepexoa BOABl B (PM3UUECKOE CBOWCTBO CETHETOINIEKT-
puka [2], a ocraHOoBWiICS IMIIL Ha ()aKTe CBOWCTBA
HAMarHUYECHHOCTH BEIICCTBA.

OmHako, mpu onpeaencHun Kod(hGUIeHTa HaMar-
HUYEHHOCTH BEIECTBA, KOTJ]a MAaKCHMYM HaMarHHYCHHO-
CTH BellecTBa HAXOIUTCS Ha TPAHUIIC MAarHUTHOTO Iiepe-
xoma, B Touke Kropu, Hayka BIIOCTICICTBHH CTanxa CYH-
TaTh, ONPENCISIONIUM (aKTOPOM MATHUTHOTO (ha30BOTO
mepexo/a BEMIeCTBa, IEPEXOJ W3 OIHOTO (PU3UKO-
XIMHYECKOTO COCTOSIHHS B JAPYTOE.

OCOBEHHOCTHU 3AKOHA KIOPU

CoBceM 1O Apyromy OOCTOMT AENO C Kyd4eBBIM Ma-
POBBIM 06JIaKOM CBOGOIHO MapsiiuM B atMocdepe, KOTo-
poe CHHU3Y MOJOTPEBACTCST BOCXOMUIIIUMU TEIUTBIME [OTO-
KaMmu, a CBepxy oborpeBaercsi conHueM. Pazorperoe ma-
poBoe 001aKo, Oymaydn MOA IEHCTBHEM DHEPreTUYCCKOM
HANPSDKCHHOCTH CUIIOBBIX TOJICH: aTMOC(EPHOro 3IIeK-
TPUYECKOTO TOJST U HAMPSDKEHHOCTH 36MHOIO MarHeTH3-
Ma; Ha OCHOBAHMH MAarHUTHOro (a30BOrO Mepexoja Mpu
OIpPE/ICICHHBIX YCIOBUSX COOTBETCTBHUs 3akoHa Kropu

[2], xorma BBITIONHSIETCST COOTHOIIICHHE
HPI(T+At) = -0,79, (1)
JOEHCTBYIOIIMX HA MApPOBOE OOJAKO BENMYMH HATIPSDKCH-
HOCTH MArHUTHOTO 1ot H u Temmeparypsl o0Oiaka
t = +5°C, (rne H — B eqununax usmepenuit A/m, u T —
abcomoTHas Temmepatypa B K), 4to cootBeTcTBYeT 3Ha-
YeHUI0 CONSt HAMAarHWYUBaHWS BOIBL. Tak, XaOTHYCCKH
HAIPABJICHHOTO PACIIONIOKSHHUS TUIIONBHBIX MOMEHTOB, B
pe3yaprare m3MeHeHus (CkaukoM) (ha3oBO MPOYHOCTH
CTPYKTYpBI ITOCTPOCHHS Iapa BCe, IO ITOTO NCHCTBYIO-
e, KYJIOHOBCKAC W BaH-IEP-BAbCOBBIC BOIOPOIHBIC
CBSI3M HCYE3AI0T U IUIIONBHBIC MOMEHTBI MOJIEKYII TTOBO-
pavMBaIOT CBOM OCH, OPHCHTUPYS UX BJIOJb, HO MPOTHB
HANPABJICHUS NCHCTBUSI CIJIOBBIX JIMHUM YHEPreTHYECKHIX
MoJIe U HEYCTOMYMBOE COCTOSIHUE aHW3O0TPOIIUH, B MPO-
[ecce Pas3ymopsIOYCHHs AWIOJBHBIX MOMEHTOB Iapa,
CMEHSIETCSl HA COCTOSTHUE, KOTJIa BCE MOJICKYJIBI BOJOPOAA
1 KHCIOpOAa 00pEeTaroT MONHYI0 CBOOOTY TIEpEMEIICHHS.
DHTponus pacmana CTPYKTYPHI COMPOBOXKIAETCS BBIIC-
JICHHEM DHEPTHH, KOTOpas TYT XK€ HOTpedisieTcss Ha mpo-
[ECC YIMOPSIOYCHUs, 4TOOBI BCE MUIONBHBIC MOMEHTHI,
BBICBOOOIMBILKXCSI OT TETEPOIOSIPHBIX BOIOPOIHBIX
CBSI3€H MOJICKYJI, [IePEMEILAs UX, B 3aBUCHMOCTH OT TeM-
TiepaTypsI iapa obmaxa, co ckopocthio ot 107 10 1078 [3,
c. 196] B cexymmy, m3meHmIH CTPYKTYpy [3, c. 190-194]
BHYTPCHHETO IIOCTPOCHHS KPHCTAUTMYECKUX PEIIETOK
mozenu noHoB (HyO), BOABI M BBICTPOMIM HX B IIEMOY-
weiii Bun HsO,', H;03" u HyO4" momeneit nonos. B pe-
3ynbTaTe MOA NCHCTBHEM MATHUTHOIO IIOJSI TUITOJIBHBIC

MOMEHTHI LIENOYHON CTPYKTYpPhl MOJAEIEN U YacTULl Iapa
BOJBI BBICTPAMBAIOTCSI B IIOCIIEIOBATEIBHBIC IIETTOYKH
COEMHEHUS, T/I€, Ha OCHOBE 3aKOHA (PU3UKH, POUCXOJHUT
MPUCOCINHEHNE TIOJIOXKUTEIBHOTO 3HAaKa IOTEHIHaIa
HaNpsDKEHHOCTH UIOJIBHOTO MOMEHTA, HIDKECTOSIIIETO,
Kiacrepa (CTPyKTYpHO M3 MOJEKYJ MTOCTPOCHHOM, KpH-
CTAUTHYECKON PEIIeTKH OKCOHMEBOM MOJENHN) K OTPHUIIA-
TEIPHOMY 3HAaKy ITOTCHIMANa, BBEPXY CTOSIIErO, IH-
HOJBHOrO MOMEHTa KiacTepa (Takke, Kak 3TO COOTBET-
CTBYET COEIMHEHUIO XMMHWYECKUX TaJbBAHHUYECKHUX 3JIe-
MEHTOB B 0aTapero), 4TO COCTABISIET CYyMMY HAIPSDKCH-
HOCTH JUIIOJIBHBIX MOMEHTOB KJIACTEpOB B IIEIIOYHOM
COETMHEHUH

E21:E1+E2+...+En, (2)
KOTOpasl, SIBISSICE HANPSDKEHHOCTBIO  AJIEKTPHUYECKOTO
MOMS LEHNOYKH IUMONIEH M, KaKk BEKTOpHAsl BEIMYMHA,
TaKXKe O0TOOpa)kaeTcsi B alreOpandeckoil TEOpHH CIOXKe-
HUA KOJUIMHEAPHBIX BEKTOPHBIX BEIMYNH HAIPSHKEHHOCTH
JMIIOIBHBIX MOMEHTOB KJIACTEPOB MAapOBOro obmaka B
BHZIE IOTEHIMANBbHOH 3Hepruu DJ]C; MHOrOMUIITHOHHON
BEJIMYMHBI HANPSKEHHOCTH 3JIEKTPOCTATUYECKOTO TO-
TeHnmana, rae 'N" ompenenser KOIMYECTBO KIACTEPOB B
TMIOCIIE/I0BATENIbHOM IIETIOYHOM COEIMHEHMH, JUITMHA KOTO-
poro paBHa CpenHEH BBICOTE MapoOBOTO O0JIaka, a CaMH
BEPTHKAJbHBIE IOCIEJOBATEIBHO IIOCTPOCHHBIE LETOY-
HBIE COCIWHEHUS KJIACTEPOB, IIyTE€M TETEpONOISIPHOI
CBSI3M, COCIIMHAIOTCS B MapaUICbHBIE COEINHEHUS JIIEK-
TPUYECKHX IIeNel MapoBOro odsiaka M yKe MpeaCcTaBiIsioT
coboii OospIIoe MeTacTaOMiIbHOE IUIa3MEHHOE OO0JIaKo
COEIMHEHUs KJIAcTepOB, YTO SBISIETCS mporeccoM (azo-
BOTO Iepexofa BOAbl C OOBIYHBIM (PH3NYECKUM CBOK-
CTBOM AMAJIEKTPHKA BTOPOrO KJjlacca, B BOAY ¢ (pusnde-
CKMM CBOHCTBOM CETHETOJJIEKTPHKA, Korza obpa3yercs
yCIIOBHE COOTBETCTBHA 3aKoHY KyinoHa u B mapoBom 00-
JIaKke BO3HMKACT YCIIOBHE 3JEKTPONPOBOIUMOCTH. B pe-
3yIbTaTe Ha MPOTHBOIOJIOXKHBIX IMOBEPXHOCTAX OOJIaKa
COCpPE/IOTAuMBAETCSl COBOKYNHBIH MHOTOMHJUIMOHHBIHN
aJeKTpocTaTudaeckuil morennuan JJ[C,; HampssKeHHOCTH
JUIOJBHBIX MOMEHTOB, PaBHOM CyMMapHON BEIMYMHE
HANpsDKEHHOCTH  Ka)KZI0rO JUIOJIBHOIO MOMEHTa BCeX
KJIacTepoB 00JlaKa, COCAMHEHHBIX B IOCIEHOBATEIbHBIC
LENOYKU C CYMMAapHOW Pe3yabTHPYIOLIEH:

n
Es1 =) AE; ®)
i1
1 €EMKOCTBIO 3apsiaa

k
Q=2n-) f(p;)AN;m, @)
i=1
rae N — YuCio AMIOJeH B IUIOMAIN IOIEePEedHOro cede-
HUS 00J1aKa, p — YNEKTPUIECKHII MOMEHT €JMHHUIIbI 00be-
Ma. Takast opueHTaIus HaNpsDKEHHOCTH TUMOIBHBIX MO-
MEHTOB KJIACTEpOB OO0JIaka, TNle BEPXHAA 4YacTh OONaka
HAMEET TMOJOKUTEIbHBIA MOTEHIMAM, a HIKHAS 4acThb OT-
pULATENbHBIN.

O6mnako mox AeMCTBUEM TEIUIA WIH PE3KUX ITOPHIBOB
(bpOHTAITLHBIX BETPOBBIX XOJIOIHBIX U TEIIOBBIX MOTOKOB
TMO/IBEPraeTcss MEXaHUUECKUM J1e()OPMHUPYIOIIMM BO3ZICH-
CTBHSIM CHJI CIIBUTA, CXKaTHA W PACTKEHHUS, YTO MOXKET
MPUBECTH 3TO OTPOMHOE CErHETOINEKTPHUYECKOe ILIa3-
MEHHOE MapoBoe 00JIAKO K PEKOMOMHAIIMH KaXKAOTO KIa-
crepa o0beMa MeTacTaOMIbHOW TUIa3Mbl, COCTOSIICH W3

20 ISSN 2074-272X. Enexmpomexnika i Enekmpomexanika. 2013. No2



LETIOYHOM CTPYKTYPHI MIOCTPOSHHS TapooOpa3Horo odIa-
Ka, 9TO BBIICISICT HAa MPOTHBOMOIOKHBIX TTOBEPXHOCTSIX
o0raka JOMONHUTEIBHYI0 KUHeTHIecKyo dHepruto DJ1C,
B BHJIC AIEKTPOCTATHYECKOTO HATIPSHKCHUS

Exp = f(mi)AE; , (5)
i1

[pomecc pexoMOMHAIMK, BBINISANT ITOXOOHO sIBIIE-
HUIO IThE303JICKTPUIECKOr0o (P PeKTa, 9TO CIIOCOOCTBYET
cymMMapHoMY Bblenenuto sHepruu J/1C; + 3J1C,, Benu-
YMHA, HANPSOKEHHOCTH KOTOPOW E1+Ey, MPEBBICUT BEIH-
YUHY JUIJIEKTPUYECKON IPOHMIIAEMOCTH BO3IYIIHOTO
MIPOCTPAaHCTBa M NPOU3BEAET Ha COCEJHEE O0JaKo MOI-
HUWHBIA paspsiz, m1a3Ma KOTOPOTo IOBEPTHETCS TeMIIe-
paTypHOMY BO3ICHCTBHIO, YTO BBI30BET MIHOBEHHYIO
JIABHHOOOPa3HYIO IETHYI0 PEaKIHI0 PeKOMONHAINN BCEH
IUIA3MBI CTPYKTYPHOTO TIOCTPOEHHS CETrHETOINIEKTpHYe-
CKoro o0siaka, KOTopoe (paKTHIECKH MPEACTABISET COO0H
JIUITONIBHO-MOJIEKYJISIPHBIN  HU3KOTEMITEpaTypHBIH peak-
Top [3, ¢. 202], u mporecc HemovHO# peakuun pekoMou-
HallM¥ MeTacTaOWIFHON IUIA3MBl PEaKTOpa IPOMCXOINT
Ha aTOMHO-MOJICKYJISIPHOM yPOBHE, YTO COOTBETCTBEHHO
BBIPa3HUTCsSl aKTHBU3AIMEl peakTopa C BBIOPOCOM 3IIEK-
TPUYECKOTO MOJTHUIHOTO pa3psiia W BBIACIECHHEM OOJb-
IIOT0 KOJIMYECTBA TEIUIa B3PHIBHOTO XapaKTepa, a Takke
W3JTy4eHNEM HOHHO-PAJNAIIMOHHON 3HEPrHH, KOTOPYIO
uccnenosatensd llpaiic m3 M3pamns wabmioman B Me30-
coepe B Buze Crpaiitos, J[xeroB u DIbd.

SABJIEHUE IMTPUPO/bI — T'PO3A

VMeHHO TPOWCXOXKICHHUE JIABHHOOOPAa3HO MTHO-
BEHHBIX IICMIOYHBIX PEAKIMA PEKOMOMHAIMOHHBIX IIPO-
IIECCOB CETHETOIJICKTPUICCKAX METACTAaOMIBHBIX IIa3M
obraka HaOMOMAI0TCA B aTMOocdepe, U B KaXKIOM OTIEIb-
HOM CITy9ae MPOUCXOIUT B3PHIB (hparMeHTapHON MOISPH-
30BaHHOM 00JauHOM Macchl [3, ¢. 189], uro compoBoska-
€TCS MOIIIHBIM B3PBIBHBIM TUHAMHYCCKAM XJIOIKOM, T.€.
rpomMoM. Kak yTBep»maloT MHOTHE HCCICIOBATENH, MPH
ATOM HaONIOJAIOTCA B aTMOC(epe W paauanydoHHBIC W3-
mydenus. Eme Craxanos M.II. B cBoem tpyzne "O ¢usu-
YEeCKOH MpHUpOoJIe MAPOBOW MOTHHH' OTMETHII, YTO OBLIN
CBE/ICHUS OT HECKOIBKUX YeIOBEK, COOOUMBIINX EMY,
9TO eIIe 10 YepPHOOBUTECKUX COOBITHH OHHW CIIydaiHO
TIOTIAJIA TI0J] TPO30BOM JIMBEHB, B PE3YIIETATE YErO IMOIY-
YHTU paTUaloOHHBIC OONydeHHs. B MOMEHT mpoxokie-
HUS MTHOBEHHOU IICTTHOW peakInd PEeKOMOWHAIINU TPO-
30BOro obiaka, T.. MOMEHT B3pBIBa O0JaKa, COMPOBOXK-
JTAeTCsl BBIICTICHHEM OTPOMHOTO KOJHMYECTBA TEIUIA, TIOX
JIECTBHEM KOTOPOTO B OONIaKe TPOUCXOMWUT AaTOMHBIN
pacraj ¢ BHIIEIECHUEM PaIualliOHHOTO M3IydeHus [3, c.
188], xoTOpOEe HEKOTOpPBIEC MCCIIEMIOBATEN HAOIIONAIHA B
Me3ocepe B BHIE CBETOBOTO MOHHBIX W3ITyYCHUH, HA3bI-
BaeMbIx Cripaiitamu u Dnb(amu. Korma CibIITHbl 0¢H 3a
JIPYTUM pacKaTel TPOMa, TO B aTMocdepe B JaHHBIA MO-
MEHT MIPOMCXOIUT HENPEphIBHAS YepPeia B3PHIBOB H OIISATh
K€ 3TO B3PBIBHI ()parMeHTAPHBIX 00IaYHBIX Macc. B3phIB,
MIPOUCXOJAIINI B aTMocdepe BCIEICTBHE MTHOBEHHOMN
LEMHON peakni peKOMOWHAIIMKA METacTaOMIHHOHN ILIas3-
MBI TIapoBOTO 0ONaKa, Mogo0eH aTOMHOMY B3pPEHIBY, HO C
MeHee MOIIHBIM BBIICJIEHHEM B3PBIBHOM SHepruu [3, c.
186], Tak Kak pacmaj IJIa3MBbl, T.€. BBIICIEHHE SHEPTUH
pactaga TeTeponoIspHONA CBS3H CTPYKTYPHOT'O MOCTpPOE-

HUS TUTIONIBHO LETIOYHBIX COCIMHEHNH KPUCTAIUTNYECKUX
PEIIEeTOK MEeTACTa0MIBHOW CETHETORIEKTPUIECKOM IDIa3-
MBI 00J1aKa, TPOMCXOANT HE HA YPOBHE PEAKIUH PacIIeIl-
JICHUs. aToMa, a Ha YPOBHE aTOMHO-MOJIEKYJSIPHOTO pac-
majga CTPYKTYpBI JHUITOIBHO MOJICKYISIPHOTO IOCTPOSHHS
BelecTBa. JInHelHas e MOJHUS 110 IPUPOJIE CBOEH €CTh
MPEIBECTHHK B3PBIBA M Pa3psDKACTCsl MEHEe IIyMHO, OO
JNEKTpUYECKasi SHEPI U JINHEWHON MOJIHUM, COCKOJIb3HYB
c obmaka W TIPEONOJIEB IUAIIEKTPUUECKYIO IPOYHOCTD
BO3yXa, IPU IPOXOXKAECHUH OT obiaka K 00beKTy, Oy-
JIydu 3JIEKTPUIECKUM TOKOM OTPOMHON MOIIHOCTH pa3-
psina, pacrpeaensercs Mo BCeH JUIMHE JTMHUM KaHaa pas-
psna, TAe B KaHAJe pas3psiia MPUCYTCTBYET HEKHH (HU3H-
YECKUI ONpeleNIUTENb IPOBOJAHMKA, HA3bIBAEMbI OMUYE-
CKHM CONPOTHBICHHUEM NPOBOJHUKA, TO €CTh CONPOTHB-
JICHHEM BO31yXa, B pE3YIbTAaTE YEro, 3JIEKTPUIECKOE
HaIPSDKEHUE JIMHEHHOW MOJHHUU PaccpeNOTOYMBAETCSA MO
LIETTH COTIPOTUBIICHUS Pa3psaHOro KaHasa, YTo HE IMO3BO-
JIIET MOJIHMM MTHOBEHHO, CO BCEH MOIIBI0 MOJIHHHHOIO
paspsizma, oOpymIMThCSA ymapoM Mo oOBeKTy. Yaap Mo-
HUHHOTO pa3psizia eIie He B3pbIB, @ BCETO JIMIIb 3JIEKTPHU-
YEeCKUU paspsj, HenpousBoAAlmi myM. KoHBEKTHBHBIE,
TypOyJE€HTHBIE U BHXPEBBIE BETPOBBIE MOTOKH B TPO30-
BBIX 00JaKax MEXaHWYECKH BO3JACHCTBYIOT M U3MCHSIOT
CTPYKTYPHO CHMMETPHYHOE IOCTPOCHHE KPHUCTaJIHIE-
CKHUX PEIIETOK YacTHIl 1apa, 4To, B CIydae He JJaBHHOOO-
pa3zHOro mporecca pPeKOMOMHAIMHM KJacTepoB obiaka,
MPUBOAUT K JIOTIOJIHUTEIBHOMY, HO ITOCTEIIEHHOMY BBIJIE-
JICHUIO, Ha MOBEPXHOCTSIX OOJaKa, HaNpsHXKEHHOCTH KHHE-
tnaeckoit 3/1C,, KoTopasi HAMHOTO TPEBHIIIAET MEPBHY-
HYI0 BEIHYMHY HANPsHKEHHOCTH moTeHImaibHOi DC,,
TaKXX€ pPacloNOKEHHOM Ha MOBEPXHOCTSIX IMOJSIPHU30BaH-
HOTO MapoBOro obmaka, rae o0e BETWIUHBI PHEPTUU
O1C; u DJC,, cymmupyrores B O/ICy. Benmunna cym-
MapHoit D/[Cy HampsHKEHHOCTH HHEPIUH, BHOCHUT AncOa-
JJAHC MEXKIY BEIMYMHON JUAIEKTPUUECKON NPOHULAEMO-
CTH BO3AYLIHBIX HPOCTPAHCTB, OTAENAIOIINX IOJSPH30-
BaHHOE O0JIAaKO OT OMKalImMX OOBLEKTOB, W BEIWUYNHOMN
IEKTPUUECKON HAIPSHKEHHOCTHU MOJISIPH30BaHHOrO 0071a-
ka. Benencteue 3HauntensHoro yeemmuenus JJCs Bo3-
HUKaeT WOHM3ALMs BO3AYIIHOTO aTMOC(EepHOro Mpo-
CTPAHCTBA, OKPYXAIOIIEro 00JIaKo |, IO 00pa30BaBIIEHCS
HMOHHOU KOPOHE, 3apsi COCKab3bIBaeT ¢ o0iraka, oopa3ys
MOJIHUMHBIA 3JIEKTPUUECKU pa3psia. MOMEHT COCKallb-
3BIBAHMS AJICKTPUIECKOTO 3apsiia ¢ 00aKa, Kak MpaBwIIo,
COTPOBOXKAAETCS OSCIIyMHBIM HPOOIECKOM MOJIHHHHOTO
paspsima. OnmHako, He cienyeT 3a0bIBaTh, YTO PEKOMOH-
HHUpyeMasl IUla3Ma [apoBOro o0jaka, CTaB HEHTPabHBIM
005IakOM C OOBIYHBIM (PM3MYECKUM CBOMCTBOM BOJBI M
TaKoe 00JIaKo, ellie HeycIeBIIee BEINAcTh PaJHalliOHHBIM
JOKAEM, IMOJ BO3LACUCTBHEM BHEIIHMX YCIOBUM MOMKET
BHOBb M TP 3TOM HEOAHOKPATHO MOJSIPH30BAThCS, U
MOMEHTAJIbHO TPeoOpa30BaBIINCh B CETHETOICKTPHYE-
CKO€ I'p030BO€ 00JIaKo, CO BCEMH BBITEKAIOIIUMH U3 3TO-
TO MOCJEICTBUSIMU, MOXKET OIISITh B3PBIBATHCS.

DA3BI POPMHNPOBAHN S I'PO3bI
I'po3oBoe siBenne umeeT 1Be ¢asbl oOpazopanus. da-
3a 3apOXK/ICHKS TPO3bI HAYMHACTCS C YACTHMYHOM HOJsIpH3a-
MM Ky4eBBIX 00JIaKOB, KOT/a Ky4eBble o0JaKa pac- TyT KaK
B BEPTUKAIBLHOM, TaK U B TOPU30HTAILHOM Ha- MPABJICHUH,
TIPU 3TOM BOCXOJISIIIIME TIOTOKM COCTOSIT M3 YaCTHUI] ITapa, T7e
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KakK/1ast 4acTHIa mapa o0pa3yloTcsl N3 OMHOM Wi HEOOIb-
IIOH TPYIIBI KPUCTAUTMYECKUX PEIICTOK, a KpPHUCTaUInye-
CKHE pCIIEeTKH (OPMHUPYIOTCS Ha OCHOBE OIPEICICHHOTO
KOJIMYEeCTBa MOJIEKYII, KOTOpBIE TTOf BO3JICHCTBHEM HaIIps-
JKEHHOCTH BHEIIHEr0 MarHWTHOTO MOJISI CTPEMSTCS TI0BEp-
HYTb CBOW JMIIOJbHBIC MOMEHTHI, OPHEHTHPYS UX, IPOTHB
HampasJIeHust JielcTBrsl MarHuTHoro monst. [Iporece momns-
pH3amiy Ky9eBbIX 00JIaKOB MPOUCXOJUT Ha YPOBHE 00paso-
BaHUS IIOCIIEIOBATENBHO-TIAPAJUIENFHOTO COSIMHEHHS Ca-
MHX YaCTHII ITapa ¥ MX KPUCTANINYECKHUX PEIIETOK Ha OCHO-
BE€ TETEPONOSIPHBIX CBSI3€H B IEMIOYHBIE COEMUHEHUS I10-
JIOOHO COEZIMHEHHNIO TAJTbBAHNYECKHX 3JIEMEHTOB B OaTapero,
HO TaK KaK B COEIMHEHHSIX yJacCTBYIOT TOJBKO JIUITONH MO-
JIEKYJT CTOSIIMX IO KpasiM YacCTHII TTapa M UX KPHUCTaJUIAIe-
CKHX DEIIETOK, TO W3-32 OTCYTCTBHSI BHYTPHCHCTEMHOI'O
B3aMMOJIEHCTBHS YacTHI[ oOJlaka mapa, He JeHCTBYeT 3aKOH
Ky- 5moHa TOKOMpOBOAMMOCTH TApOBOro oOfaka W TOTOMY
00J1aK0 OKa3bIBAETCsSl MOJSIPU30BAHHBIM, HO B IIEJIOM C 3a-
pstioM paBHBIM Hymo. OJHaKo BO BTOPOH TIOJOBHHE JTHS
YaCTHYHO TTOJIIPU30BaHHOE O0JIAKO, TIPH HEKOTOPOM TIOHH-
JKEHWH TEMIIepaTyphl aTMOC(EpHOro BO3IyXa, YTO HPHUBO-
JAT OOJIAKO K YCIIOBHSIM TIOHOM HOJSIPU3ALlNH, TO €CTh K
YCIIOBHIO TEMIIEPAaTYpHOTO IMepexosa Iapa dYepe3 TOUKY
Kropn. Ha cramm >xe 3penoctn B oOnmake OTHOBPEMEHHO
TIPHCYTCTBYIOT BOCXOASINKE, W HHUCXOJSIIME BO3IYIIHbBIC
noroku. Ecnu st nepexona ¢assl 3apoxknenus k ¢aze nei-
CTBHS TPO3BI HET JIOCTATOYHBIX YCIIOBHH, TO IepBas (hasa He
NepeieT K BRITOIHEHNIO BTOpoi ¢asel. [Ipu 3ToM 0b6ako
MOXXET HadaTh CBOIO auccumaiwo. IlocteneHHo wcmapsis
YJaCTHIIBI TTapa CO BCEX CBOMX OOKOB, OONAKO, TaK CKa3arh,
pacTBopsieTcst B aTMOC(EpHOM IPOCTPAHCTBE, TIEPEMENBasT
TIOJISIPU30BaHHbIC YaCTHIBI TIapa, C HAXOAAIMMHCS B aTMO-
cdepe HEMOMAPU30BaHHBIMK dYacTHIaMH mapa. CKOpOCTh
pacTBopeHus obnaka B atMocdepe OymeT 3aBHCETh OT WH-
TEHCHBHOCTH TOCTYIUICHHSI B OOJNAKO YaCTHIl Pa3orpeToro
TOJISIPU30BAHHOTO TIapa, YTO M ONPEEUT JIUTEIBHOCTh BO
BpPEMEHH CYIIECTBOBAHUS MOIIPU30BaHHOrO obnaka. daza
K€ TPOSIBIICHHSI TPO3BI BO3HUKAET TOJBKO C 00Opa3oBaHHEM
(DpOHTAPHBIX WM IMKIOHNYECKAX aTMOC(EPHBIX XOIOA-
HBIX BETPOBBIX ITOTOKOB. Pe3Kme MOphIBBI BETPOBBIX IOTO-
KOB M M3MEHEHHE WX HAlpaBJICHHUS MEXaHWYECKH BO3IEH-
CTBYIOT U JIeOPMHPYIOT 0ONAKO, YTO MPHBOIUT K ITOSIBIIE-
HHIO PEKOMOMHAIIMOHHOTO 3(p(heKTa CerHeTodIeKTPIIECKO-
TO METacTabMIBHOrO IUIA3MEHHOTO MAapoBOro O0NaKa W K
MOJIHUEBOMY pazpsiny. Da3a mposBiIeHUs Tpo3bl IOPOM co-
MPOBOJK/IAETCS MOIIHBIMU  BPAIIAIOIIMMH  BOCXOJISIIIMHU
MOTOKAaMH M CO37[aeT SKCTPEMAJIbHBIE IO CHIIE IOTOIHbIE
SIBJICHUS, TaKWe, KaK [IKBAIBHBIN BETEp M CHJIBHBIC paspy-
LHUTENbHbIE cMepyYd. KOHBEKTHBHOCTh M HEYCTOWYHMBOCTh
BO3/IyXa MPHBOIAWT K W3MEHEHHIO MOCTPOCHUS 0OmIei
CTPYKTYpBI 00JlaKa, YTO TIPOSIBISIETCS Pa3phIBOM M (par-
MEHTapHOCTBIO OTJENBHBIX YacTell oOmaka, KOTOpbIE TpH
3TOM HE TEpSIOT CErHETOIEKTPUIECKOTO CBOWCTBA, HAXO-
JUICh B Pa3pbIBE U PACIIONArasch BHYTPH OCHOBHOTO OOJIaKa.
B pesynprare Habmomaercs kak ObI MO3aMYHOCTh I MHOTO-
CITOMHOCTH TIOCTPOCHHS 00J1aKa, a Taroke Kak OBl Mpearona-
raeMoe pacrpesieieHne 1o 001aKy Pa3HOMMEHHBIX 3apsiIoB.
Tam, rie HaOmIOAAeTCS MHOTOCIOWHOCTD 3apsiia, (pakTude-
CKH CYIIECTBYET MEXaHWYECKUHA PA3pPhIB, U €CTh BO3MYIIHAS
aTMocepHas Tpociolika. Tak, Mo 00e CTOPOHBI pa3phIBa
COCEJICTBYIOT MOJIOKUTENBHBIE W OTPHLATENBHBIC TPYIIIHI
3apsiIoB, KOTOPBIE MHOTMMH HCCIIEIOBATENSIMU TIPHHHMA-

IOTCSI 32 TPOIIECC Pa3/eICHMsI 3apsfoB. A Ha caMOM JIele,
(hakTigeckn 3TO 1Ba W Oonee (parMeHTapHBIE OONaKa ¢
CETHETORIEKTPUUECKIMH  CBOWCTBAMM, HO MEXAaHMYECKU
pasZeneHHbIe  BOAYIIHBIMU pa3pbIBaMH, 3aIOJHEHHBIMU
JWIEKTPUKaMH, TaK Ha3bIBACMBIMH, 3alPETHBIMH 30HAMH,
T.€. Bo3IyxoM. Takoe pasneneHre pparMeHTapHBIX 001aKOB
MOXKET OIISITh BOCCOEAMHHTHCS W, CIPYIIHPOBABIINCH, CO-
3[aTh €IUHOE OO0IAaKO, KOTOPOE, YK€ HMOMYMHSICH 3aKOHY
KyroHa, He OCyIIIeCcTBIISIET YCIOBHE IEKTPOIPOBOIMMOCTH.

BbiBon. PesynpraToM yriayOJIeHHOTO MO3HAHUS Taii-
HBl TIPUPOJHOrO SIBJICHUs, TPO30BOE OONAKO MPEACTAIIO,
KaK OTKpPBITHE HOBOTO (DPM3MYECKOTO CErHETOEKTpUYe-
CKOro cBOHCTBa BOIbL. OCHOBBIBAasCh Ha (hyHIaMEHTallb-
HBIX HAYYHbBIX IOCTIDKCHUSX, ONPEACIUBIINX IPUPOLY
00pa30BaHMUs YETBEPTOrO COCTOSHUSA BOBI, YTO TIO3BOJIIIIO
OCYIIECTBUTH Pa3pabOTKy NMPUHIUIINAIBHO COBEPIIEHHOTO
U OYeHb MPOCTOrO crocoda MPOM3BOACTBA SHEPIHU HETIO-
CPEIICTBEHHO W3 BOJpI, M TaK CMOEINPOBATH MPUPOIHOE
SIBIICHHUE CerHeTodnekTpraeckoro obnaka (I[lateHt Ha Ko-
pucHy Mozenb Ne 67462 Bun 27.02.2012 — "Crioci6 poboTu
TIa3MOBOTO eJeKTporeHeparopa”). Momenb CerHeTossek-
TPUYECKOTO OOJIaKa CO37aeTcsl Ha OCHOBE ITapa BBICOKOTO
JTaBIICHHS, KOTOPBIA TIOCIE PACKPYTKH TMApPOBOW TypOMHBI
TETIORIEKTPOCTAHIIMH YK€ CTAHOBHUTCS HEHYKHBIM JUIS
JIATTbHEHIIIEr0 €ro WCIOJIb30BAaHMS B TEXHOIOTHYECKOM
npouecce. OHAKO C IPUMEHEHHEM TIa3MEHHOTO JIEKTPO-
TeHepaTopa Map €Iie MOXKHO IOBTOPHO YHOTPEOWTH UIs
IIPOM3BO/ICTBA JOIOJIHU- TEIBHOM IEUIEBOM 3JIEKTPO3HEP-
T'MU ¥ TaKUM 00pa3oM CHHM3UTH YIEJIbHBIE PacXOAbl Ha J0-
ObIuy 3JIEKTPO’HEPIHH, W, KaK CJIEACTBHE, 3HAYUTEIBHO
YICILIEBUTH CE0ECTOMMOCTbD AIIEKTPOIHEPIHH.
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Casuu Ddyapo Braoumuposuy,

neHcuoHep, 10 1994 r. — 3aBeayrowIMiA OTIETOM
3Bb0THedpTeras HUITMACY Tpancras

61004, XapbkoB, yi1. Mapmrana Konesa, 16.
ten. (057) 62-92-75

Savich E.V.

The fourth state of water.

The fourth state of water is aqueous vapor which, under power
action of magnetic-field strength at Curie point at the moment of
magnetic phase transition, acquires properties of ferroelectric
plasma. The latter is the basis of origination of such natural phe-
nomena as a thunderstorm cloud and a ball lightning capable of
releasing, under certain conditions, lightning strokes and, during
explosion, plenty of thermal energy, which is typical of a low-
temperature reactor.

Key words — state of water, aqueous vapor, ferroelectric
plasma, lightning origination.
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EnekmpuyHi MawuHuU ma anapamu

VK 621.313.333: 621.314.54: 621.316.765
K.M. Bacuiis

AHAJII3 ITPOLECIB ABTOHOMHOI'O TEHEPATOPA

3 BEBKOHTAKTHUM KACKAJHUM TPUDPAZHUM MOJAYJIbOBAHUM
3bYIZKYBAYEM 3A CXEMOIO B OJHY 3IPKY I CIIIVIbHUM 3’€ITHAHHSAM ®A3
MOAYJATOPA I YAC POBOTH HA BY30J1 ACUHXPOHHUX /IBUT'YHIB

Memoodom mamemamuunozo eKCnepumMeHmy 6UKOHAHO 00CIIOHCEHHA e1eKMPOMAZHIMHUX | e1eKMPOMEXAHIYHUX NPOYecis, AKI
6i00y8arOmovca 6 A6MOHOMHIL cUCHeEMI eIeKIMPONHCUGTIEHHA HA 0a3i ACUHXPOHI306AHO20 2eHEPAMOpPa 3 MPuU@aA3IHUM MOOY1b06A-
Hum 30y0xcysauem. Ilposedeno ananiz npouecie Ha npeomem pooOMONPUOAMHOCHIE CUCIEMU HCUBIEHHA RiO Yac IT pooomu Ha
6y30]1 ACUHXPOHHUX 08uZyHie. Bcmanoeneno zaxonomipnocmi nepeodizy enekKmpomazHimHuX i e1eKmpomMexaniuHux npouecie
3aN1eHCHO 610 6eTUYUHU HABAHMANCEHHA MA RAPAMEMPIE CLUCIeMU KePY8ARHA KOMYMAMOPOM.

Memooom mamemamuuecKkozo IKCREPUMEHMA 6bINOTIHEHO UCCTIC006AHUE IIEKIMPOMAZHUNHBIX U I]1EKMPOMEXAHUYECKUX NPoyec-
€08, NPOUCXOOAWUX 6 ABHMOHOMHOI CUCHEMe IIEKMPONUMAHUA HA Oa3e ACUHXPOHUZUPOBAHHO20 2€HEPAMOPA ¢ MPexdazHbim
MOOynuposanuvim 6030youmenem. Ilpousseden ananus npoveccoe Ha npeomem papomocnocodHOCmU CUCINEMbl NUMAHUA NPU ee
padome na y3en aCUHXPOHHBIX 08uzameneii. YCmMaHoe1eHo 3aKOHOMEPHOCHU NPOMEKARUA IIEKMPOMAZHUMHBIX U JTeKmpomexa-
HUYECKUX NPOYECCO8 8 3A6UCUMOCU O 6eTUYUHBL HAZPY3KU U RADAMEMPOE CUCIEMbL YRPAGIEHUA KOMMYHIAM OPOM.

ITOCTAHOBKA TTPOBJIEMHA

AstoHoMHI cuctemu enexrpoxusneHns (ACEX) na
6a3i acuuxponizoBanoro reaeparopa (ACT) 3 6e3koHTaK-
THAM KacKaJHAM MOAyIboBaHuM 30ymkyBauem (BKM3)
HaJISKaTh JI0 MEPCHEKTUBHUX 0O BOHU XapaKTEpPH3YIOThb-
Cs1 BUCOKMM PIBHMM HaiHHOCTI B pOOOTi i BUCOKUM piB-
HeM CTa0iNi3yBaHHS YacTOTH HANpPYr'W TeHepaTopa 3a
YMOB 3MiHHOI IIBUIKOCTI 0OEpTaHHS PyIIis.

Ha croronHi BXXe BUKOHAaHO Ay)K€ BasKIMBHHA 00CST
po0iT, TOB's3aHUI 3 PO3POOKOIO KOHIIETIIIi CHCTEM eJeK-
tpoxxusieHHs Ha 6a3i ACI' 3 BKM3. Tak, B [7] 3amouar-
KOBAaHO TEOPETHYHY KOHIEMIII0 TeHEepaTopiB CTabiIbHOL
gacroru Ha 0a3i ACI' 3 BKM3. JloBeneHo, mo cradimizy-
BaHHS YacCTOTH HAIPYTH TeHepaTopa Ha MiJICTaBi SBHINIA
MOZY/ISIii HAanpyrd OE3KOHTAKTHOro 30ymwKyBada Jae
3MOTr'y OTPUMATH 1/€a/lbHy SKiCTh HAaIPYIH 3a KPHTEpieM
TapMOHIYHOTO CIIEKTpa Hampyrd TeHepaTopa 3aBAsKd
JKHBJICHHIO OOMOTKH 30y/UKEHHS CTPYMOM YacTOTH KOB-
3aHHS, 10 B TAKUX CHCTEMax 3abe3redye cTabijbHY IIBH-
JIKICTh 00€pTaHHS MarHiTHOTO IIOJISI CTOCOBHO OOMOTKH
CTaTopa TeHepaTopa, a Ie, CBOEI0 Yeproro, i1eaqbHo CTa-
O1IbHY YacTOTY HApyTr'W TeHepaTopa.

CaMOOUeBHIHNM € T€, 110 Ha MiJCTaBi caMHX Teope-
THUYHHX 3aca]] IPUHIMIIOBO HEMOXKIMBO OTPHUMATH JOCTAT-
HBOI 3 IIONISTY NIPAKTHYHUX MOTPeO iHdopMaLLi CTOCOBHO
nepediry eIeKTPOMArHITHUX 1 eeKTPOMEXaHIYHHX MpOLie-
CiB SIK B SIKICHOMY, TaK, THM Iade, B KlJ'ILKlCHOMy eKBiBa-
nenTi. Tomy, 17 BUBYCHHS 3aKOHOMIpHOCTEH Iepeliry
CJIIEKTPOMATHITHAX 1 EIEKTPOMEXaHIYHUX TIPOIECIB, sKi
BiIOYBafOTHCA B TaKWX CHCTEMaxX, BUKOHAHO BEJHMKHH 00-
cr p061T 3 PO3POOKHU METOLIB, MATEMATHIHUX MOJICIIeH Ta
Ha iX MiJICTaBi aJrOpPUTMIB I IPOrPAMHUX KOMIUIEKCIB, SIKi
3a JIONIOMOTOK0 Cy4acCHHX IH(OPMALIHUX TEXHOIOTIH Ma-
0T 3MOTY NPOBOJXMTH BCEOIYHI IOCIIKCHHS 3 METOIH
OITHMI3yBaHHs [aPaMEIPIB CTPYKTYPHHX KOMIIOHCHTIB
takux CEX. (10 uux KOMIIOHEHTIB Hale)KaTh: MAIIMHH
MOJYJISITOpa, CaM ACHHXPOHI30BaHWII TeHepaTop, KoMyTa-
TOp IMKJIOKOHBEPTOPHOTO THITY), & TAKOXK [AapaMeTPU CHC-
temu kepyBaumst (CK) komyTaTopoM i mapamerpu cucteMu
apromarmanoro kepysauus (CAK), 3okpema, crabimi3y-
BaHHS aMIUTITYJW HaIpyrH aCHHXPOHI30BAHOTO T'€HEpaTo-
pa. Ll macmTabHa poboTa BimoOpaskeHa B HU3III HAYKOBUX
nparipb [1-6], cepen sikux [4], B siKiii HalOLIBII TIOBHO CHC-
TEMaTH30BaHO OTPUMAHI PE3yNIbTATH.

EnexTpomarHiTHi 1 eleKTpoMexaHiuHi MpoIecH, sKi
BiOYBAaIOTBCS B TaKMX CHCTEMaX CJICKTPOXKUBIICHHS Ha-
JeXaTh 10 OCOONMBO CKJIAQAHUX 3 TOTIBITY XapakTepy
BHU3HAYAIPHUX KOOPJAMHAT Ta iX (QYHKOIHHHX B3ae-
MO3B’s13KiB. Lle 3yMOBJIEHO IOBOJI CKIATHOI OYyIOBOIO

IIUX CHCTEM eNeKTpokuBieHHs. CKiIagHicTh OymoBH Ta-
KX CHCTEM €JIEKTPOXKMBIICHHS B ITOEAHAHHI 31 CKJIaIHiC-
TIO XapakTepy Mepediry elIeKTpOMAarHiTHHX 1 eJIeKTpoMe-
XaHIYHUX TIPOIECIB, SKi BiOYBalOTHCS B IMX CHCTEMAaXx,
OJHO3HAYHO BKa3ye Ha Te, IO Oe3mocepenHs po3podka
CHCTEM JKHMBIICHHS TaKOTO THITy Mae€ IPYHTYBaTHCA Ha
BCEOIYHUX pEeTENIFHUX TEOPETHYHMX Ta NMPAKTUYHHUX HAy-
KOBHX JIOCII/DKEHHSIX SK CTOCOBHO CXEMHHX pillleHb CH-
JIOBOTO ENIEKTPHIHOTO KO, TaK 1 CTOCOBHO 3aKOHOMIp-
HOCTEll Mepeliry eIeKTPOMArHITHHX 1 eleKTpOMexaHiy-
HUX MPOLECIB 3 BPaXyBAaHHAM HPUPOIH CIOKHBAYIB erle-
KTpoeHeprii. Pe3ympTaTé OmHOrO 3 TaKMX JOCIIIKEHB,
SKE€ CTOCYIOThCS BHMBYEHHS 3aKOHOMipHOCTEH Iepediry
€JIEKTPOMATHITHUX 1 ENEeKTPOMEXaHIYHHUX IIPOIIECiB Ta 1X
BIUIUBY Ha (DYHKIIIIOBaHHS aBTOHOMHOI CHCTEMH EJIEKT-
pPOXXKMBIIEHHS Ha 0a3i acCHHXPOHI30BAaHOTO TEHEpaTopa 3
OC3KOHTAKTHHM KaCKaJIHUM MOJIyIIbOBAHUM 36y,u>KyBa-
deM (32 CXEMOI0 MOJYIATOPA 31 CHUIBHUM 3’€JIHAHHIM
(a3HHUX TIIOK POTOPIB MAIIMH MOAYISTOPA) I Yac po-
00TH reHepaTopa Ha BY30JI ACHHXPOHHHX JBHIYHIB 1 CTa-
HOBJIATH NTPEAMET i€l CTATTI.

AHAJII3 OCTAHHIX JOCJIIXEHD 1 HYBJ’IIKAL[IfI

BaxnmuBo 3a3Ha4YMTH, MO pPE3yABTATH TOCHIIKCHB,
SIKi TYT TONAKOTECS, IPYHTYIOThCS Ha Pe3ylbTaTax IIore-
pe,qux ,uocmzmcem, SIKi TICHO TIOB’s13aHi SIK 3 PO3POOKOIO0
MeroniB 1 MateMaTnuHux moneired ACEXK na 6a31 ACT 3
BKM3, Tak i (meBHOI MipoI0) 3 pe3yibTaTaMu, OTpHMa-
HUMH 3 0Oe3MmocepeTHhOr0 aHalli3y MpOoIeciB, AKi BimOy-
BafOTHCS B IiH XKE CHCTEMi EICKTPOXXHUBICHHS [ 9ac ii
poOOTH Ha aKTHBHO-1HYKTHBHE JKHBJICHHS [5 6]

[Meprmi MaTemMaTHyHi MozAeTi HI,H,HOCJ'III[HOI CHCTEMH
CIICKTPOXKHBIICHHS, SKI BIJ3HAYAIUCS JIOBOJII BHCOKHM
plBHeM aI[eKBaTHOCTl (,uaBam/I 3MOTY MOJIE/IIOBATH JHHA-
MiUHI €JEeKTPOMATHITHI 1 eJeKTpOMEXaHiuHi IPOIECH)
Oynu omy6mikosasi B [1, 2]. XapakrepHOH OCOGIHBICTIO
IIMX MaTeMAaTHYHUX MOJEJEH € Te, M0 B HUX He Tependa-
YEHO HASBHOCTI PYIIis poTopa resepatopa, IIo 1CTOTHO
00MexXye X MOXKIIMBOCTI B TUIaHI I[OCJ'III[)KCHHH r[epeﬁlry
CJIEKTPOMATHITHHUX 1 eJ‘IeKTpOMexaHl‘lHI/IX r[pouecna cuc-
TeMH. be3yMOBHO, 110 Taki 0OMEKEHHS CTaHOBIIIH iCTOT-
HUH HEOJNIK MaTeMaTHYHUX Mojeneii. ToMy, Ha HacTyI-
HOMY eTami Oynmu po3poOJieHi MaTeMaTHIHI MOJENi, sKi
JTAIOTh 3MOTY MOJENIOBATH JMHAMIYHI E€IIeKTPOMAarHITHI
Ta eJeKTPOMEXaHIYHI TPOIECH 3 BpaXyBaHHAM HAasBHOCTI
B MOJIENi py1isi potopa rexeparopa [3, 4].
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3AJAUI JOCIIIKEHb

3 Teopii cucreM reHepyBaHHS Ha 0a3i aCMHXpOHI30-
BaHoro reneparopa 3 bBKM3 [7] Bimomo, mio 1i cuctemu
MOXYTb (hOopMyBaTHCS 32 HU3KOIO CIMEHCTB CXEM CHIIOBOTO
EJIEKTPUYHOTO KOJIa, SIKi OTHO3HAYHO MalOTh NPHHIMIIOBHN
BIUIMB Ha XapakTep Mepediry eJIeKTpOMarHiTHUX 1 eIeKT-
pomexaHiyHHX mporeciB. OYEeBUIHNM TaKOX € Te, IO Ha
nepebir MpoIeciB BIUTMBAE BUJ HABAHTAKEHHs (TOOTO THIT
CIIOXKMBAYiB) Ta 1X pexxuMu poboru. Tomy 3aBIaHHS T0C-
JIJDKEHHS! TAaKUX CHCTEM 3arajoM IOJIsiTac B BUBYCHHI 3a-
KOHOMIPHOCTEH 1epediry eJIeKTpOMarHiTHHX 1 eJleKTpoMe-
XaHIYHHUX MPOLIECIB ISl KOXKHOI 3 MOXKJIMBHX CXEM CHIIOBO-
rO EJNEeKTPUYHOro Koiia (MOAYISITOpa, TeHepaTopa i KoMy-
TAaTopa), a TAKOK ISt KOXXHOTO 3 BUJIB CIIOKHMBAUIB €/ICKT-
KoHTeKCTi B [5, 6] mpoBemeHO AOCIiHKESHHS q)yHKlmoBaH-
HS1 aBTOHOMHOI CHCTEMH EJICKTPO>KUBJICHHS Ha 0a3i acHHX-
POHI30BaHOTO TeHepaTopa 3 OE3KOHTAKTHMM KacKaIHHM
MOJIYJIbOBaHMM 30y/IKyBaueM 3a CXEMOIO B OIHY 3ipKy i
CIUTFHAM Ta KOMOIHOBaHWM, BiIIOBiHO, 3’€THAHHAM (a-
3HUX TUIOK MaIlIMH MOJYJISITOpa Tifl 4ac poOOTH Ha aKTHB-
HO-IHIyKTHBHE HaBaHTaxeHHs. Y [5, 6] mokasano, mio
CX€Ma CHJIOBOTO EJIEKTPHYHOTO KOJIa MOJYJISITOpa Mae ic-
TOTHHH BIUIMB Ha Iepelir Mpomecis, a 3HAUYUTh Ha (HyHK-
LilffHI MOMUIMBOCTI CHCTEMH T€HEpyBaHHsS 3araioM. Pe-
3YJIBTATH JIOCIPKEHb, OTPUMaHI B IHX JBOX ITyOIiKAaIlisx
BKa3YIOTh Ha Te, IO OUTBIN CTiKy poOOTy cucteMm 3abe3-
Ieyye cxemMa MOJIYJIsiTopa 3 KOMOIHOBaHUM 3’€IHAHHIM
(ha3HMX TiIOK pOTOpa MAILIMH MOIYJISATOPA.

[inkoM JIOTIYHMM € 3alWTaHHSA. YM MAaTHMYTh Micle
AHAJIOTIYHI TEHJEHIi (a, AKIIO Tak, TO SKAM YHHOM BOHM
OpOSIBISITUMYThCST) T yac poboru miei :x CEX Ha By3on
ACMHXPOHHMX JBUTYHIB. ToMy, B IHi CTaTTi CTAaBUThCS 3a
METy OTpUMATH KBaTi(DiKOBaHy 1 HAYKOBO OOTPYHTOBaHY BiJl-
TIOBi/Ib HA TIOCTaBJICHE AKTyaIbHE 3alMTAHHSI. A OTPUMAEMO
HOro NIUISIXOM aHAJIi3y eJIEKTPOMATHITHUX 1 €IeKTpOMEXaHiy-
HUIX TIPOLIEC], sIKi BiOYBaIOTHCSI B ABTOHOMHIH CHCTEMI eJeK-
TPOXUBJICHHSI Ha 0a3i aCHHXPOHI30BAaHOTO reHeparopa 3 0e3-
KOHTaKTHMM KacKaJHHM MOJIYJIbOBAaHUM 30YyIDKyBadeM 3a
CXEMOI0 MOJYIISITOpa B OAHY 3IPKY i 4ac poOOTH CHCTEMHU
€JICKTPOXKUBJICHHS Ha By30JI aCHHXPOHHHX JIBUTYHIB.

TakuM YMHOM, Ha MiACTaBl BUKJIAJAECHOTO BHIIE,
KOHCTaTyeMO, III0 3ajaya JOCHTIPKEHHS B Lill cTaTTi Io-
JSira€ B aHalli31 eJIEKTPOMArHITHHUX 1 €JIEKTPOMEXaHIYHUX
MIPOLIECiB aBTOHOMHOI CHCTEMH ENIEKTPOXHUBJICHHS Ha 0a3i
ACHHXPOHI30BaHOT0 TreHeparopa 3 TpHupasHO-TprpazHUM
OE3KOHTAKTHUM KacKaHUM MOJIYJIbOBaHUM 30yIDKyBa-
4eM 31 CIIJIBHUM 3’ €IHaHHAM (pa3 MoayssiTopa 3a CXeMOI0
reHeparopa B OHY 3ipKy ITii yac poOOTH CHCTEMH €JIeKT-
POKMBIICHHS HAa BY30JI aCHHXPOHHHX JIBUTYHIB.

BUKIIAJL OCHOBHOI'O MATEPIAJTY

OTKe, BpaxOBYIOUH Te, [0 00’€KTOM aHaJi3y Mpo-
LIECiB CHCTEMH EIEKTPOXKMBJICHHS Ha 0a3l aCHHXPOHI30-
BaHOTO TeHepaTopa 3 Tpu]a3sHUM OE3KOHTAKTHHM KackKa-
JTHAM MOIynboBaHNM 30ymxyBaueM € ACEX 3a cxemoro
31 CHUTBHUM 3’€THAHHSIM (ha3 pOTOPIB MAIIMH MOJIYJISTO-
pa, cxemMa CHJIOBOTO ENeKTPHUYHOTO KOJIa IiLIOCHiIHOI
CHCTEMH €JIEKTPOXKUBIICHHS Ma€ BUIJIS, 300pakeHni Ha
pucyHKy 1. 3 1IbOr0 PHCYHKY BHAHO, L0 CTPYKTYPHHMH
€JIEMEHTaMHU CXEMH CIYTyIOTh. Bl aCHHXPOHHI MaIlMHU
AM1 ta AM2; nBa mxepena >xuBieHHS X mamH E1 ta
E2 BimnoBigHO; Oe3mocepenHiii THPUCTOPHUIA TEPETBO-
proBau yacroru (BTIIY); remepatop A, skum ciyrye
aCMHXpOHHa MamnHa, (asdy OOMOTKH poTopa SKOI

3’enHaHi B 31pKy. Jlo CHCTEMU eNeKTPOKHUBICHHS TAKOX
BXOIATh TpU croxuBadi (acuuxponHi asurymm): AJl1,
AJ12, A13. Kimroui Ky, Ky, K3 nmpu3HadeHi ans BMUKaHHS
Ta BIIMHUKAHHS ACHHXPOHHUX JIBUTYHIB.

Pemra mosHayenp Ha cxemi puc. 1 MaroTh Takui
smict. Jlitepamu 0,1 , E mosHauero: nmoteHmiami, cIpymu
Ta enexTpopymiiHi cumu. Jlitepamu F, G, D B HIKHIX
iHAEeKcaX BIAMOBITHO MO3HAYEHO HAJICKHICTh KOOPIMHAT
JI0 MOAYJSTOpa, TeHEpaTopa, Ta aCHHXPOHHUX JIBUTYHIB.
J'[iTepaMI/I S, R B HIWKHIX IHIEKCAaX ITO3HAYEHO HAJIEXK-
HICTP BIANOBIIHUX BEJIWYUH IO craTopa 1 poTopa eJeKT-
praHEX MaiH. Lupamu B HIDKHIX IHIEKCAX MO3HAYCHI
HOMEpPH eJIEKTPUYHHX TUIOK Y MeXaxX KOXKHOrO i3 CTpyK-
TYpHHUX €JIEeMEeHTIB, a u¢poro "0" B HIDKHbOMY 1HIEKCI —
BY3IH 3 HyIhOBMM moTeHmianoMm. Iluppamu B Kpyrmux
JyKKax (1) 1 T. I. y BEpXHbOMY iHJIEKCi TIO3HAYEHO HAaJe-
JKHICTB BiHOBiAHUX BenwmduH 10 AM1, AM2 Tta mxepen
skuBneHHs Moxynsatopa E1 1 E2, a Takox acHMHXpOHHHX
meuryniB A1, AJ12, AJ13.

3i CXeMH CHIIOBOTO EJEKTPHYHOTO KOJNA CHCTEMH
JKUBJICHHS puC. 1 BUIHO, 10 KOXHA 3 (ha3 00MOTOK pOTO-
piB AM1 ta AM2 pozaineni Ha TpH TUIKH, 5IKi 3 OOKY BH-
xony 3 AM2 i Bxoxny no AM1 3’ennani M co0or0 1moc-
Ji0BHO 3 mepexpemmeHHsM (a3. Came Take CIOTYyYCHHS
AM1 ta AM2 yTBOpIOE (GYHKIIIHUA CTPYKTYpHHUH ere-
MEHT, SIKMH 3a0e3redye MOYISIII0 HANpyrd i TOMy Ha-
3UBAETHCS MOLYISITOPOM [7].

CyTb IOCIIDKEHHS TIOJATAE B PO3PAXYHKY EIEKTpOMa-
THITHUX Ta EJINEKTPOMEXaHIYHUX IIPOLECIB, PE3yIbTaTOM
SIKOTO € OTPUMAHHS PO3PaxXyHKOBUX (DYHKIIHHNX 3aI€KHO-
CTel MWTTEBHX 3HAUCHb BCIX BH3HAYAJBHUX KOOPJMHAT:
CTpyMIB, MOTEHIIIANIIB Ta HATIPYT, & TAKOXK MIBUIKOCTI 00ep-
TaHHS POTOpa T€HEpaTopa, MAIlMH MOAYIATOpa. BaxmBy
iHdopMaITifo 3 MOy pOOOTONPUIATHACTI CHCTEMH €JIeK-
TPOXKMBJICHHS MAlOTh TAKOX KOOPAWHATH ACHHXPOHHHX
JIBUTYHIB. IIBHIKOCTI 0OEpTaHHS, €MEKTPOMATHITHI MOMEH-
TH, CTPYMH, a TAKO)K aKTHBHI ITOTY>KHOCTI.

JlocmimkeHHss aBTOHOMHIM CHCTEMi E€IEKTpPOKHB-
JIeHHS TIPOBEJEMO JUIS ACHHXPOHI30BAHOTO TeHepaTopa
notyxHicTio 100 kBt. MojemoBaHHS TIpOIIeciB BHKOHA-
€MO JUIA PEKUMY, B SKOMY 3a/[aHe KOB3AHHA POTOpa re-
HepaTopa € MTOCTIMHUM 1 TakuM, III0 BiJIIOBiA€E CHHXPOH-
Hi mIBHAKOCTI, TOOTO HOpiBHIOE HyneBi. Ha modaTkoBii
cranii pobouoro mukiny ACEX BMmukaerscs pymii Ta
BUKOHYETHCS pO3TiH poTopa rerepatopa. Ilpu nocsraeHHi
MIBUAKOCTI 00EpTaHHA poTOpa OJM3BKOI 0 CHHXPOHHOI
BMHUKA€THCA HAIpyra >XHWBICHHS MAIIUH MOZYJSITOpa,
TOOTO BMHKA€ThCs 30ymkeHHd. Ha HactymHii cranii po-
0604Oro MUKy CHUCTEMH BHKOHYETHCS ITOUYEPTOBE BMH-
KaHHS TPhOX acHHXPOHHUX ABUTYHIB AJl1, AJI2, AJI3, a
Ha OCTaHHHOMY €Talli BHKOHYETHCS IOYEProBE BiliMK-
HEHHS B 3BOPOTHIH IIOCIIIOBHOCTI paHilIe BBIKHEHHX
meuryHiB: A13, AJ12, AJI1.

Jly1s1 MOJIeITIOBaHHS €JIEKTPOMArHITHHX 1 €JIeKTpoMe-
XaHIYHUX TPOIECiB, sKi BiAOYBAIOTHCA B IIiIOCIITHIN
CHCTEMI eJIEKTPOXKMBIIEHHS IS 33JaHOTO PEXUMY po0Oo-
YOro MWKy CIIOXMBAa4aMHM MifiOpaHi TPH acHHXPOHHI
JBUTYHH TIOTYXXKHICTIO TI0 8 KBT. BBa)kaeTbcsi Takox, mIo
BUKOHABYl MEXaHI3MH ACHHXPOHHHX JBUTYHIB MaroTh
IIGHTUYHI BEHTWIATOPHI MeXaHIuHI XapaKTEPUCTHKH.
3a3Ha4nMMO, 110 MPOTATOM IIJIOr0 pod0Yoro UKy (GyH-
KI[IOHYIOTh CHCTEMa aBTOMATHYHOTO KepyBaHHS I CTa-
OinmizyBaHHA MIBHAKOCTI 00EpPTaHHS pOTOpa Ta CHUCTEMa
ABTOMATHYHOTO CTaOUIi3yBaHHA aMILNTyad (a3sHHX Ha-
Npyr aCHHXPOHI30BAHOT' O TeHepaTopa.
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Puc. 1. Cxema cumnoBoro enekrpuanoro kona ACEX

IIpo sIKICTB eIeKTpOCHEprii 3a HaiBa)KIHBILIMMU
KpHTEpisiMH ii OLIHKHA (mo sSIKMX OKpIM YacTOTH BiJHECEMO
CTabUIbHICTh aMIUNTYIM HAIPYrd TeHEpaTopa), a TaKOX
PO poOOTONPHUIATHICTE CUCTEMH T'€HEPYBaHHS IIOTO KIIa-
Cy 3arajoM MO)KHa pOOWTH BHCHOBOK Ha IIiJICTaBi aHalli3y
XapaKkTepy PO3PaxyHKOBHX 3aIeKHOCTCH TaKUX IHTErpa-
JIBHAX KOOPJMHAT SIK MOZYII 300paXyBalbHIX BEKTOPIB
(amrutiTyn) ¢GasHux Hampyr i CIpYMIB CTATOpa Ta MOZYIIs
300pa)KyBaJIbHOTO BEKTOpa CTPyMiB (a3 poTopa IeHeparo-
pa Ugg, Igg,
TPOMEXaHIYHUX MPOLECIB PO3MOYHEMO caMe 3 O3Sy
IUX BOXKJIMBUX KOOpAMHAT. 3a pe3yJIbTaTaMH MO/ICIIOBAH-
Hs TOOYI0BaHI PO3PAaXyYHKOBI 3aJIC)KHOCTI 3a3HAYCHUX BHU-

v v v
111e KOopAuHAT UGS , IGS | P
XapaxkTrep KpHBUX IMX KOOpDAWMHAT BinoOpaka€ ITOBHHN
pobounii ki ACEX 3a okpemmmnu #oro eramamu. Ha
neprromy eTari (3a ac Bint = 0 go t = 3 ¢) pymmiit poskpy-
Yye poOTOp IeHepaTopa A0 CHHXPOHHOI MIBUIKOCTI. B Mo-
MeHT 4Jacy t = 3 ¢ BMHUKaeTbCsl 30y/uKkeHHs. Tomy, Ha Ha-
CTYITHOMY BIATHHKY CIIOCTEPITa€ThCS 1MOSBA 1 3POCTAHHS
CIpyMy 30yIDKCHHS (ctpymy B 00MOTKax poropa reHepa-
TOpA) 1, IK HACI/IOK, [OSIBA Ta 3POCTAHHSI HAIIPYTH CTaTopa
rereparopa. I'enepaTop mpaimioe B pexuMi HEpoOOYOro
X0y Ha IpoMiKKy Bigt =3 o t =5 c. Jlo momeHTy yacy t
=5 ¢ ammityan ¢da3HHX Hampyr JOCSIIIN 33/aHOrO 3Ha-
yeHHs, sike nopiBHIOE 311 B. TlounHaroun 3 MOMEHTY 4acy
t = 5 ¢, mOCeKyHIM BMUKAIOThCS ACHHXPOHHI JIBUI'YHH B
Takiit mocmimoBHOCcT: AJI1, AJ12, AJ13. Ha mpoMikKy dacy
Bimt =7 mo t = 9 ¢ reHepaTop Ipalioe Ha BCI TPH CHOXKU-
Badvi. A, mounHaroun 3 t = 9 ¢, MBUTYHU BiJIMUKAIOTHCS B
3BOPOTHIM 110 yBiMKHEHHsS mocmigoBHocTi: A3, AJl2,

AJIL.

v . . .
e TOMy, aHaJI3 CJICKTPOMArHIiTHUX 1 CJICK-

sIKi 300pakeHi Ha puc. 2.

3 ¢opmu KpHBOI MoOmyis 300pa’KyBajbHOIO BEKTOPA
(ha3HOI HaNPyry cTaropa reHeparopa BHAHO, IO aMIUTITyAa
HAIpPYTH € CTA0UIBHO0, a B 00JACTi MEPEXiHUX MPOIIECIB,
CIIPUYMHEHHUX YBIMKHEHHSIM Ta BIIMHKaHHSM aCHHXPOHHHX
JIBUTYHIB, TiepeOdyBae B JOIYCTHMHX CTaHIapTaMH Mexkax
BIZIXWJICHHS BiJ 331aHOTO 3HAYCHHSL. 3 PHC. 2 TAKOXK BUITHO,
II0 CHCTEMa aBTOMATHYHOIO KepyBaHHs BUKOHYE CBOIO (by-
HKIIIO cTabUTi3yBaHHS aMILTITY/IM HAIIPYTH CTaTopa reHepa-
TOpa, a iHIII KOOpAMHATH (CTPyMH Ta HAIpyru) BimoOparxa-
I0Th TTOBE/IIHKY CUCTEMH B MEXaX IOBHOTO pOOOYOro IUKITY
(Hepobo4oro xoiy, MOYEpProBOro BMHKAHHS ACHHXPOHHHX
JIBUTYHIB, X poOOTH B pEeXMMi ITOBHOTO HABAHTaKEHHS Ta
TIOYEProBOro iX BiIMUKAHHS).

BupimaneHy poib y 3abe3nedeHHi HeoOXiIHOro xa-
paKTepa IMX KOOPAMHAT Bilirpae CTiHKicTh poboTH KO-
MyTaropa. A Iie 3aJIeXHTh BiJ 6araTb0X YNHHUKIB, Cepel
SIKHX: IIAPaMETPH MallH MOJYJISTOpa i TeHepaTopa, Iia-
paMeTpH i anroputM (QyHKIIIOBaHHS CHCTEMH KEPYBaHHS
KOMYTaTOpOM Ta CHUCTEMH AaBTOMAaTHYHOTO KEpyBaHHSI
CTalOlTi3yBaHHS BU3HAYCHHX KOOPOMHAT (TYT aMILTITYIH
(ha3HuX Hampyr craTopa reHepaTopa), a TAKOXK BHI, Tla-
paMeTpH Ta PeXHMHU POOOTH CroXuBa4iB. OXHO3HAYHO,
110 Ha CTiKiCTh POOOTH CHCTEMH MAIOTh BEJHMKUI BIUIHB
CXEMH CIIOJTy4eHHS (a3 poropa TeHepaTropa, a TaKoX
CXEMH CIIOJy4YeHHsI MaIllMH MOJYJISATOpa, IO i € Ipeame-
TOM aHaJIi3y MPOLECIB Hi€l mpart.
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Puc. 2. Ugg, I, | 4 Moty 300pakyBaJIbHAX BEKTOPiB

(a3HMUX HANPYT 1 CTpyMIB. cTaTOpa Ta ha3HUX CTPYMIB pOTOpa
reHeparopa

BaxnuBy poib y GyHKIIIOBaHHI cHCTEeMHU 30y KEH-
us 1 ACEX 3aranom Bigirpae nepeOir eneKTpoMarHiTHUX
npoueciB 'y moxpyisitopi. ToMmy mepeiineMo 10 anaizy
HAIPYT Ta CTPYMiB MOIYJIATOPA.

Ha puc. 3 300paxeH0 po3paxyHKOBI 3aJI€XKHOCTI Bij
yacy MUTTEBUX 3HAYCHb CHaJiB HANPYT Ta CTPYMIB cepe-
JHBOI TpynH (ha3HUX TUIOK POTOPIB MAIIMH MOIYISTOPA.
Puc. 3,a imocTpye MUTTEBI 3HA4YECHHS CHAMiB EIEKTPHY-

uFRs ' uFRe
3’e¢HaHNX (ha3HUX TIIKAX POTOPIB MAIIMH MOIYJIATOpA:
BimnosimHo, Ha puc. 3,0 300pakeHi po3paxyHKOBI 3aie-
IV, V, VI da3uux rimox

HUX Hampyr UFR4 , Ha IV, V, VI nocrinosHo

JKHOCTI CTPpYMIB IFR4 , IFRS , IFR6
POTOPIB MaIIH MOYJISITOPA.
Kpusi Ha puc. 3 BupasHo BinoOpakatoTs (i3uKy mpo-
1IECIB, BHACII/IOK SIKUX OTPHMAHO EIEKTPUYHI HAIpPyrd MO-
JIyJIbOBaHOiI ()OpMH 4acTOTH KOB3aHHS. Sk 6aurmo 3 puc. 3,
Ha MPOMDKKY 4Yacy, J¢ KOB3aHH: AopiBHIOE HyieBi (S = 0),
CIIOCTEpiraeMo Hampyru 0e3 MOIYJIAIii YacTOTOK) 3arioB-
HeHHs f; = 150 T'm. Ockinbku (a3Hi HAMPYTH 3CYHYTI MiX
coboto Ha 120°, a posramyxeHi ¢a3Hi risku poropiB AM1 Ta
AM2 quist npyroi Ta Tperhoi (hasHUX IPYI CIIOTYYEHI MiX
co00I0 TIepexpecHo 3i 3CYBOM Ha 120° (nuB. cxemy puc. 1),
TO 33 YAaCTOTOKO MOZYIIALII KOKHA 3 TPbOX TPH(A3HIX CHC-
TEM HANpPYT Ta CIPYMIB TAKOX 3CYHYTI MK COOOKO Ha KyT
120°. AMnmiTy Hampyr 3MIiHIOIOTBCSI 3AJIEXKHO BiJl 3MiHH
ENIEKTPOPYIIIMHNUX CHJI JDKEPEI )KUBJIEHHS, a LI, CBOEIO Yep-
TOI0, TAKMM YMHOM, II00 TTPUMYBATH MTOTPIOHE 3HAUECHHS
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CTpyMy 30YIDKCHHS, aJIeKBaTHO pearyloud Ha BEJIMYHMHY
HABAHTAXXCHHS TeHEpaTopa.

3 puc. 3 BUIHO, IO KPHBi HANPYT MAIOTh MOJYJIBO-
BaHy ()OpMY 3 YacCTOTOI KOB3aHHS 1 YacTOTOIO 3aIlOB-
HEHHS, 3HAYCHHSI SIKOI 3aJIeXKHUTh BiJI MIBUAKOCTI oOepTaH-
HS pOTOpa TeHeparopa i CHiBBiIHOIIEHHS KUIBKOCTI Hap
HOJIOCIB MaluH MoaysiTopa [7].

Urgp,' Urgpsr Urggr B

o
ITTETETTRIERIRT AT IR
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a-— U,:R4 , UFR5 , UFRS — murresi Hanpyru 1V, V, VI
(ha3HUX T'JIOK POTOPIB MAIINH MOYIISATOPA,;
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100 1
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0 i -
-50 1 !
-100 1 ‘ T
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(R iFR4 , iFR5 , iFR5 — murtesi crpymu IV, V, VI da3anx rimok

POTOpiB MAaIlIMH MOIYIISTOPA;

Puc. 3. Po3paxyHKOBI 3aJIe)KHOCTI MUTTEBUX 3HAYCHb HAIPYT Ta
crpymis 1V, V, VI pa3anx rinok poropiB MamyH MOAYISATOPa

3 puc. 3 BUAHO, 110 MOAYJIATOP, 3TiHO 3 TEOPETHY-
HUM TepeadadeHHIMH BUKOHYE CBOIO (DYHKIIIO — YTBO-
PEHHsI Hampyr MOXIYJIbOBaHOI (hOpMH, HEOOXiTHMX UL
(opMyBaHHS IMKIOKOHBEPTOpOM TpHDa3Hoi cucremu
CTPYMIB YacCTOTOIO KOB3aHHS.

Crpykrypsi enemenTd ACEX nepeOyBaroTs y craHi
B3a€MHOTO 3B’513Ky. ToMy, Oynb-siKi 30ypeHHs B OTHOMY 3
HHUX HEMHHYYE BiJIIOBIIHO BIJIMBAIOTh HA TPOIECH B YCIX
IHIMX. Y BHIAJKY [BOTO PEKMMY JDKEPEIIOM TaKuX 30y-
PCHb CIIyrye BMHKAHHsS Ta BIIMHKaHHS ACHHXDOHHHX
JIBUTYHIB, IO MTPU3BOIKUTE 10 3MiHH IIBHIKOCTI 00epTaH-
HS poTopa renepaTtopa. O4eBUIHO, IO HANPYTH Ta CTPY-
MU (a3HUX TUIOK POTOPIB MAaIIMH MOIYJIATOPA TaKOX
TIOBHHHI pearyBaTH Ha 1ii 30ypeHHs. 3 Bi3yaJIbHOrO aHai-
3y (GopMH KpUBHX HAampyr Ta CTPyMiB, 300pakeHHX Ha
puc. 3 BHpa3HO BHHO, IO KPUBiI IIUX HANpyT 3a3HAIOTh
ICTOTHOTO /1e()OPMYBAHHS SIKE, CIPHIUHEHO MEPEXiTHIMHU
IIpoLIeCaMHy, SIKi, CBOEIO YEpror0, BUHUKIIM BHACIIJIOK BBi-
MKHEHHSI Ta BilIMKHEHHSI HABaHTa)KCHHS.

BuznauanpHuii BIUIMB Ha 1epedir MpoLeciB y Takux
cucTeMax Ta iX (yHKLIIOBAaHHS 3arajoM MaroThb HPOLECH
B oOmotui 30ymkeHHS TeHeparopa. Tomy, iHgopmamis
PO XapaKTep eICKTPUYHAX CTPYMIB Ta HANIPYT y 0OMOT-
i poTOpa reHepaTopa Ma€ NPHHIIMIIOBO BaXCIMBE 3HA-
deHHs. [IpoanamizyeMo pO3paxyHKOBI 3aIeKHOCTI (as-
HUX HANpYr Ta CTPYMIB POTOpa IeHepaTopa, siki 300pa-
JKeHi Ha puc. 4 Ta 5 BignoBigHo. 3 puc. 4 BUIHO, IO Xa-
pakTep (ha3HMX Hampyr poTopa TeHeparopa BimoOpaxae
3aKOHOMIPHOCTI €JIeKTPOMAarHiTHUX MPOIEciB, SKi BigOy-
BalOThCS B MOAYJsITOpi. B Hachimok pobotn komyraTopa
B oOMoTIi poropa reHeparopa (opmyeThcst TpHdazHa
crcTeMa Halpyr 4acTOTH KoB3aHHS. Ha nimbHMISAX moc-
TIHHOI HIBUAKOCTI 00epTaHHs POTOpa reHepaTopa 4acTora
HAIpYT IOpiBHIOE HYJEBi, TOOTO MaEMO BHIPSIMIICHY MO~
CTIHHY Hampyry. 3MiHa aMIUNITyAd Hampyrd Ha AiJIbHU-

91X, JIc BOHA 3MiHHA 1 3HAYCHHS HANPYTH Ha JITHHHUIX,
JIe BOHA TOCTii{Ha, BU3HAYAETHCS 3MIHOK aMILTITYH MO-
JIyJTbOBaHUX HAIPYT HA BUXOJI MOAyJsiTopa (quB. puc. 3).

5 UGR1'UGR2'UGR3'B
10 |
5
0
-5
-10
8 10 12 14 16 18 20

o
N
N
[}

2 t,¢

Puc. 4. UGR , UGR , Ug_ — dasui nanpyru poropa AT
1 2

R3

da3Hi Hampyru poTopa TeHepaTopa YacTOTH KOB-
3aHHS JAIOTh MiJCTaBY Ha CHOI[iBaHHS[ oTpuMatu ¢aszHi
CIpyMH pOTOpa reHepaTopa aHanoriHoi ¢popmu. Ha puc.
5 300pakeHi PO3PaxyHKOBI 3aJ©XKHOCTI Bil 4acy (pasHuX
CTpyMIB poTopa TreHepaTopa. XapakTep KpHBUX IHX
CTPYMIB BKa3zye Ha Te, 10 OE3KOHTAaKTHa cucrema 30y-
JOKEHHST Ha 0a3i KacKaJHOro MOAYIATOpa Ja€ 3MOrY
oTpuMaTu CTpyM 30Yy/DKEHHSI T'eHepaTopa 4YacTOTH KOB-
3aHHSI, 10, CBOEIO YEprolo, 3abe3reuye IMOCTIHHY IIBUI-
KicTb 00EpTaHHSI MarHiTHOTO IIOJISl TEHEPaTOpa CTOCOBHO
0OMOTKHM CTaTOpa, a 3HAYNTh 1 MOCTIHHY YacTOTY HaIlpyru
reHepaTropa He 3aJIe)KHO BiJf 4acTOTH oOepTaHHS poTopa
reHeparopa. BogHouac, ¢opma KpuBUX Ha IIbOMY PHCYH-
Ky BHpa3HO BKa3zye Ha Te, IO MOJYJbOBaHWH IEpETBO-
pIOBay YacTOTH JIa€ 3MOT'Y OTPUMAaTH BHCOKOSIKICHI CTpY-
MU 30y/DKEHHS, IO CIYTye HEoOXiIHOI MeperyMOBOO
JUIl OTPUMaHHSI BHCOKOSIKICHOI HAamlpyru reHepaTopa 3a
KpPHUTEpieEM TapMOHIYHOT'O CIIEKTpa.
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i i — ¢asui ctpymu poropa A’
G, ' lg, — tasui crpymu porop

Jliis moBHOTH iH(OpMaIli CTOCOBHO 3aKOHOMipHOC-
Te mepediry eNeKTPOMArHiTHUX 1 eJIeKTpOMEXaHIYHUX
TIPOLIECIB CHCTEMH EJIEKTPOXKUBIICHHS 3arajloM pO3TJIsSTHE-
MO PO3PaXyHKOBI 3aJIE)KHOCTI OCHOBHHX €JIEKTPOMEXaHi-
YHUX KOOP/IMHAT aCHHXPOHHHX JIBUTYHIB.

Ha puc. 6 300paxeHi Taki po3paxyHKOBI 3aJI€)KHOCTI
TPbOX ACHHXPOHHHUX JIBUTYHIB. €JIE€KTPOMAarHiTHUX MOMe-
HTiB (puc. 6,a), yactor obepranHs poropie (puc. 6,0),
300paXyBaJIbHAX BeKTopiB cTpyMiB craropis (puc. 6,8) Ta
AKTHBHOI ITOTY>KHOCTI (pnc 6,r). Xapakrep KpuBHX LHX
(YHKLIHHAX 3aJIeKHOCTEHi € OUIKYBAHKM 1 B SIKICHOMY, 1 B
KiJIbKicHOMY BigHOIeHHi. KpuBi Ha puc. 6 mepeKoHINBO
BKa3ylOTh Ha Te, IO MiJIOCIIHA CHCTEMa EJIEKTPOXKNB-
JeHHst 3a0e3neuye HOpMaibHy poOOTy CHOXXMBAUiB, SKH-
MU CIIYT'yIOTh TPH aCHHXPOHHI JIBUT'YHH.

3 HaBeJICHUX BUIIE PE3Y/IbTAaTiB MOJCIIOBaHHS (pHC.
2-6) BUIHO, IO BCi PO3PaXyHKOBi 3aJIeXKHOCTI € (yHK-
1iifHO MOB’sA3aHi, 10 BKa3ye Ha POOOTONMPHUIATHICTH CHC-
TEMH eJIeKTPOXXUBJICHHs MpUHOUMOBO. pore, mist oTpu-
MaHHS JIOCTOBipHOiI iH(pOpMAIl CTOCOBHO (PYHKIIH HHUX
MOXJTMBOCTEH ITi€] CHCTEMH EIEKTPOXHUBICHHS HEOOXi-
HO TIPOBECTH IIMPOKOMACIITaOHI JOCITI/DKEHHS Ha Tpej-
MeT (QYHKIIHHNX MOXKIMBOCTEH CHUCTEMHM IUISl IIUPOKOTO
Jliara3oHy HaBaHTa)KeHb, & TAKOXK Ha IpEeIMET BIUIMBY Ha
poOOTy CHCTEMHM TaKMX BaKJIMBUX YMHHUKIB, /10 SKUX
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HaJIS)KaTh NTapaMeTpH CUCTEMH KepyBaHHS KOMYTAaTOPOM i
30KpeMa 3HA4eHHsl BCTaBKH 3a cTpymMoM. CriemianbHi 10-
CJIIJDKeHHS TIOKa3aJd, 110 IiJ Yac BHCOKMX JIMHAMIYHHX
HaBaHTa)KCHb NPOSBIAIOTHCS BaJW CXEMH MOAYJSITOpA 31
CHUTBHUM 3’€IHaHHAM (Da3HHUX TiJOK pOTOpiB ioro ma-
mmwH. CyTHICTH IIi€l poOIIeMHU TOJSITaE B TOMY, IO IS
TaKOi CXEMH MOAYJSTOPa B MEXaxX KOXXHOI 3 TPhOX OKpe-
MUX TpU(A3ZHUX TPyH MOXIMBUMH € KOHTYPH, 3aMKHEHI
Ha (ha3Hi UK MAIIUH MOIYJISATOPA Yepe3 3yCTPiuHO Ha-
npasieni Bertwt (muB. puc. 1.). 3a meBHEHX 0GCTaBHH
(BHCOKMX IMHAMIYHMX HABAaHTAXKEHb 1 HECHPHUSITIMBUX
napamerpiB CHCTEMH KEPYBaHHs) BEHTHJII KOMYyTaTopa
MEPEKUIYIOTHCS 1 B YTBOPEHUX (MPAKTUYHO KOPOTKO3aM-
KHEHUX KOHTYpax) MpPOTIKATUMYTh HEHIOIYCTHMO BEJHKI
CTpYMH, IO Oe3NepevyHO HEraTHBHO BIUIMBAaTHME Ha Po-
00Ty SIK MOIYNIATOpA, TaK i CUCTEMH T'€HEpYBaHHS 3ara-
noMm. Ha puc. 7 300pakeni ctpymMun (a3HuX T'iJIOK MalIuH
MOJYIISITOpPA JUIsl IOWHO ONMMCAHOT'0 BHUIAJKY, KOJIU BCTa-
BKa 3a cTpymoM Mae 3HavenHs h = 0,01 A. Xapakrep i
3HAYEHHS CTPYMIB Ha pUC. 7 BKa3ylOTh Ha T€, IO TaKHUH
PEeXHUM € aBapiHHMM, a A Oro YHMKHEHHS! HEOOXiIHO
3aro0irTh  yTBOPEHHIO KOPOTKO3aMKHEHHX KOHTYpIB.
OueBHIHUM € Te, 1[0 OAHUM 3 Haile()eKTHBHIIINX CIOCO-
0iB BupiIIeHHS IIi€i TPoOIeMHU € 3MiHA CXEMH CHIIOBOTO
CJIEKTPUYHOTO KOJIa MOAYJISITOpa OE3KOHTAKTHOI CHCTEMHU
30yKESHHS.
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Puc. 6. Po3paxyHKOBI 3aJIe)KHOCTI OCHOBHHX €JIEKTPOMEXaHi4-
HUX KOOPIMHAT aCHHXPOHHUX JIBUTYHIB
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Puc. 7. Po3paxyHKOBi 3a7e:KHOCTI (ha3HUX CTPYMiB POTOpa
MaIIiH MOIYJIATOPA

Hagenennx Buiie pe3ynbraTiB MaTeMaTHYHOIO MOje-
JIFOBAHHS aBTOHOMHOI CHUCTEMH EJIEKTPOXKHMBIICHHS Ha 0asi
ACHHXPOHI30BaHOTO TeHepaTopa 3 TpH(a3HO-TPU(AHIM
OE3KOHTAKTHUM KacKaJHUM MOJIYJIHOBAaHMM 30y/DKyBadeM
332 CXEMOIO CHJIOBOTO EJIEKTPUYHOrO KOjJa B ONHY 3ipKy i
CIUTBHUM 3’€THaHHAM (Da3HUX TUJIOK POTOPIB MAIlH MOAY-
JSITOpa IUTKOM  JIOCTAaTHBO It (pOpMYITIOBaHHSI BUCHOBKIB
CTOCOBHO 3aKOHOMIPHOCTEH TIepeOdiry eeKTpOMAarHiTHuX i
€JICKTPOMEXaHIYHNX TPOLECIB, SIKI BiOYBAIOTHCS B LIl CHC-
TeMi eJIEKTPOKHMBIICHHSI Ta ii pOOOTONPHIATHOCTI.

BHCHOBKU

1. Anamni3 enekTpOMarHiTHHX Ta EJIEeKTpOMEeXaHid-
HUX TIPOIIECiB, SKi BiIOYBAIOThCA B aBTOHOMHIN CHCTEMi
CJICKTPOXXMBJICHHS Ha 0a3i aCHHXPOHI30BaHOTO reHEepaTo-
pa 3 TpudasHo-TpudasHUM OE3KOHTAKTHUM KacCKaJHUM
MOJYJIOBaHMM 30yIKyBaueM 3a CXEMOIO T'eHepaTopa B
OJTHY 31pKy 31 CITUIBHUM 3’€IHAHHAM (pa3HHUX TiJIOK pOTO-
PHHX OOMOTOK MAaIlIMH MOAYJIATOpa Mix 4Yac ii podoTH Ha
BY30JI aCHHXPOHHHX JIBUTYHIB, TTOKa3Ye€, 110 MPHHIIUIIOBO
ISl CUCTEMa EJIEKTPOXKUBIICHHS € POOOTONPHIATHOIO.

2. Ha criiikicth po00OTH KOMYTaTOpa i CHCTEMH XKH-
BJICHHS 3arajioM iCTOTHHI BIUTMB MalOTh MapaMeTpd Ha-
BaHTAXXCHHS aCHHXPOHHMX JBUTYHIB. 30UIBIICHHS Mexa-
HIYHOTO HAaBAaHTAKCHHS ACHHXPOHHUX IBHT'YHIB IIOHAJ
KPUTHYHE 3HAYCHHS MOPYIIY€E CTIHKICTH poOOTH KOMYyTa-
TOpa 1 CHCTEM €JIEKTPOKUBJICHHS 3arajioM.

3. Criiikicts pobott ACEX iCTOTHO 3aJIeKHTE BiJ| TAKO-
IO BOXJIMBOTO TAapaMeTpa CHUCTEMH KepyBaHHS KOMYTaTOPOM
SIK BCTaBKa 32 CTPYMOM. 3a pe3y/bTaTaMH JOCHI/KEHHS BCTa-
HOBJIEHO, III0 ONTHMaJIbHE 3HAYCHHS BCTABKU 3a CTPYMOM BU-
3Ha4aeThes manazoHoM Big h = 0,02 A noh=0,04 A.

4. Kpurnano mnopymrye criiikicts podbotn ACEX nHa
6a3i ACI' 3 BKM3 3a cxemoro Momynstopa 31 CIIUIBHIM
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3’egHaHHEsIM  (PA3HUX TUIOK POTOpPIB MAallMH MOJIYJATOpa
TIEPEeKUAYBaHHS BEHTWIIB Komyrtaropa. lle mosicHIoeThCs
THM, 110 32 TAKHX OOCTaBHH y CXEMi CHJIOBOT'O €IEKTPHIHO-
TO KOJIa OKpEMHX TpHU(a3HHUX TPy POTOPIB MAIIMH MOIYJIS-
TOpa YTBOPIOIOTHCSI KOPOTKO3aMKHEHI KOHTYpH, SIKI 3aMH-
KaroTbesl yepes3 (hasHi TiIkM poTopiB MAIIMH MOJYJISITOpa Ta
poboui (HOPMAIBHO BIfKPHTI) i HEKOHTPOIBOBAHO BiJKPHTI
(TlepeKnHyYTi) BEHTHII [MKIOKOHBEPTOpPA, OMHUHAIOYH (hasHi
rinku poropa rereparopa (nus. puc. 1). Ile npmsBoauts 10
3pocTanHs (IOHAMMEHIIEe HA TOPSIOK HOPIBHSHO 3 HOMiHA-
JIGHUM 3HAYCHHSIM) CTPyMy y (a3HHX KOHTYpax pOTOpiB
MallH MOIYJISITOPA, IO € HEAOMYCTHMIM, a TaKOX JI0 JIHC-
GasaHcy (azHHUX CTPYMIB pOTOpa reHepaTopa i, SIK HacliIoK,
KOJIMBAHHS MArHITHOTO MOTOKY (3MCHIIICHHS HOro cepe-
HBOTO 3HAYCHHST), 10 HETATUBHO BIUIMBAE HA CTAGUIBHICTH
aMILTITYAN HalpYyTH TeHepaTopa.

5. AnroputMoM (yHKIiIOBaHHSI CHCTEMH KEpyBaHHS
KOMYTaTOpOM Ha OZIHOMY 3 €TaliB poOOTH BEHTUIIIB 3arajloM
riepenOaueHo BIIKPUBAHHA BEHTWIIB y iHBEPTOPHOMY pe-
JKMMI, IO iCTOTHO 30UIbIIye MMOBIPHICTD IEPEKUILyBaHHS
BEHTWIB. Brcoka HMOBIpHICTh INepeKHIyBaHHS BEHTHIIIB
KOMYTaTopa i BUHMKHEHHSI KOPOTKHMX 3aMHKaHb y KOHTYpax
POTOpIB MalIMH MOIYJISITOPA KPUTHYHO 3HIDKYE PIBEHb Ha-
JUIHOCTI (DyHKITIFOBAaHHS aBTOHOMHHUX CHCTEM EJICKTPOXKUB-
JICHHS 32 CXEMOIO Te€Heparopa B OAHY 3IpKy 1 CIUIBHUM
3’eHaHHM (Pa3HMX TJIOK POTOPIB MAIIMH MOJYJISITOpA.

Tomy, Ha mifgcTaBi HaBeJEHUX PE3YIBTATIB aHAII3Y
3aKOHOMIPHOCTEH Iepediry eJeKTpOMAarHiTHHX 1 eJeKT-
pOMEXaHIYHUX MPOLECiB, sKi BiIOYBAaIOTHCSI B aBTOHOM-
Hill cUCcTeMi eNEeKTPOXKUBJICHHS Ha 0a3i acHHXpOHI30Ba-
HOTO TeHeparopa 3a CXEMOI0 B OJAHY 3ipKy i CHUIBHUM
3’eMHaHHAM (Pa3HUX TLIOK POTOPIB MAIMH MOAYJSTOpa
JIOTIYHUM € BHUCHOBOK IIPO HEJOLUIBHICTh 3aCTOCYBaHHS
Ha MPAKTHII TAKUX CXEM MOJYJISTOpA.
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Analysis of processes in an independent generator with

a noncontact cascade three-phase modulated exciter via

a star-connected circuit with a common modulator phase
connection under operation to an induction motors site.

By means of a mathematical experiment, electromagnetic and
electromechanical processes in an independent electric power
supply system based on an asynchronized generator with a
three-phase modulated exciter are investigated. The processes
are analyzed to specify the working capacity of the power sup-
ply system during its operation to an induction motors site. Reg-
ularities of the electromagnetic and electromechanical processes
behavior versus load intensity and the switch control system
parameters are identified.

Key words — asynchronized generator, noncontact modulated
exciter, independent power supply system, commutator,
induction motor, electromagnetic and electromechanical
processes, mathematical experiment.
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TAPMOHUYECKHWIA AHAJIA3 TPOBHBIX OBMOTOK

Hageoeni pezynomamu 0ocnioiicens 1acmugocmeil NOCOHAHII MHONCUHU 0OMOMOK, AKA Micmume 6azamogdazni oomomku 3
yinumu ma OpioHUMU yucIamuU nA3ie Ha noatoc i gaszy. Po3podnenuit anzopumm po3paxynky Koegivicnmie po3nooiny 0omomox
6KA3AHII MHOMCUHU 34 2APMOHIKAMU 008ITbHUX NOPAOKIe. Busnauene ananimuune cnigeioHOUWIEHHA, U0 00380/IA€ GUSHAUUMU
CHPYKMYpPy ROCOHAHOT MHOMCUHU 0OMOMOK Y 8U2NIA0I CYKYHHOCHI 20MOJ102IYHUX KT

Ilpogedennvl pe3ynsmamol Uccied06anus ceoUCHE MHO2OPAINBIX OOMOMOK 00BEOUHEHHO20 MHONMCECEA BKIIOUAIOWL€20 6 CeDs
00MOmMKU C UenviMu u OPOOHBIMU YUCIAMU NA308 Ha nontoc u ga3zy. Ilpeonoscensvt anzopumm pacuema KoIpuyuenmos pac-
npedenenus 0OMOMOK YKA3AHHO20 MHONCECHEA NO 2APMOHUKAM RPOU3BOTbHBIX NOPAOK08. Onpedeneno ananumuyeckoe coom-
HOUleHUe COOMGEMCMEUA 2APMOHUYECKUX COCHIAB06 O0OMOMOK, NO3601AI0U{Ue RPEOCMAsUms CHIPYKMYpy 00beOUHeHH020

MHOdMHCECEa 8 8Ude COBOKYRHOCHU 20MO0/102UHUE€CKUX UCNOUEK.

[Mon npoOHBIMU TIPUHATO MTOHWMATH TaKUE OOMOTKH,
Y KOTOPBIX YHCII0 Ma30B Z Ha TIONEoC P 1 a3y M He paBHO
nernoMy guciry. Takum odpa3zoM

Z Q
gq= ==,
k,mp d
rae Q=Z/(k,m), m — gucno na3oB Ha ¢a3Hyw 30HY, d —
3HaAMEHAaTeNb IPOOHOCTH, K, — KodhduumeHT, paBHbid 1
JUTSE M-30HHBIX U 2 UTS 2M-30HHBIX OOMOTOK.

Cremyer pa3inuyaTh KIIACCHICSCKHE TPOOHBIE OOMOTKH,
XapaKTepU3yIOMHUecsS MaKCUMAIFHO BO3MOKHBIM K03(du-
LUEHTOM pacrpeneneHus Kp, o pabodeii rapMOHHKe V=P, 1
HETPaUIMOHHABIC WX MOIU(MUKAIINH, XapaKTePH3YIOIIHECS
MEHBIINMH BeMIHHaMU Kp, TIPH 3aJaHHOM 4HCIIe 0.

®DopmupoBaHKE KITACCHICCKHIX APOOHBIX OOMOTOK BBI-
TIOJTHSIETCSL C TIPUMEHEHWEM ONHOrO W3 ajroputMoB. Ilep-
BBI M3 HUX OCHOBAaH Ha OIpeelieHn: mara R obxoma ax-
THBHBIX KaTyiieyHblx ctopoH (AKC) ommoit u3 a3 [1],
00€eCIIeYNBAIOIIETO CMEIICHHE COOTBETCTBYIONIMX IOJSIP-
ubix BekropoB DJIC (MJIC) B maciirabe paboueit rapMoHu-
KA Ha Yrol MHHUMAIBGHOTO CIBHTra. BTopod amroputM
MpeTyCMaTPHBACT ITOCTPOCHHE MTOBTOPSFOIICHCS YaCTH YHC-
JIOBOTO psifia OOMOTKH M COOTBETCTBYIOIIEE YeperOBaHHE
KaryeuHsix rpymi [2]. JIroOble OTKIOHEHHS OT pe3yJibTa-
TOB TIPUMEHCHUSI YKa3aHHBIX aJTOPUTMOB MPHBOIAT K TO-
JY9CHUIO HETPAIUIMOHHBIX JPOOHBIX 0OMOTOK, KOTOpPBIC B
HACTOSIIIICH CTaThe HE PACCMATPUBAIOTCS.

BaxHO Takke OTMETHTH, YTO MPH 3aJaHHBIX YHCIC
¢da3z m u koappunmentt k, muoxectBo Wymk, 00MOTOK €
LENBIMA YUCTIaMH 11a30B Ha TONIOC U a3y SIBISICTCS TTOJ-
MHOXECTBOM 00001meHHoro MHOKeCTBa Wymy, Kilaccuye-
CKUX JPOOHBIX 0OMOTOK

Wimkz ©Wamkz -
IIpu sTom pyist MHOXKeCTBa Mmk; U3BECTHO U LLIUPO-
KO UCHOJIb3YETCSl aHATUTHYECKOE BBIPAKEHUE

. [ mv

sinf ——
e = mk, N
Dv — ) ( )

gsin

mkq

TJIe V — OTHOCHTEJIbHBIH TOPST0K TapMOHHKH.

Knaccuueckne npoOHBIE OOMOTKH 10 HACTOSILETro
BPEMEHM HaxXO[AT JIOCTATOYHO IIMPOKOE MPUMEHEHHE B
Pa3IMYHBIX THUIAX IPOMBIIUICHHO BBIITYCKAEMBIX 3JICK-
TPUYECKUX MamuHaX. /luana3oH n3MeHEeHHs IapaMeTpoB
Q 1 d TakuxX OOMOTOK B YKa3aHHBIX MAIIHAX JOCTATOYHO
BenmuK. [Toatomy 3(h)(heKTHBHOCTD BBINTOJHEHUSI TAPMOHH-
yeckoro aHamuza MJIC (3/IC) BO MHOrOM 3aBHCHT OT
TOr0, KaKOil aJlrOpUTM HMCHOJB3YETCs MPH pacyeTe Kodh-
¢bupeHToB pacnpeneneHus Kp, Mo rapMOHHKaM IMpou3-

BOJIBHBIX HOPAAKOB V. OHAKO 70 HACTOSIIEr0 BPEMEHH
0000IEHHOT O BBIpaXKeHUs, mogo0Horo (1), mis 0OMOTOK
MHOXecTBa Wymk, HE co31aHo.

[NombiTKa penmTh 3Ty 3amady aHAIATHUECKH ObLIa
npennpunsata eme P. Puxtepom [1]. B pesysnbrare Obuin
TIPEUIOKEHB! J[BA PACUETHBIX BBIPAKEHMS, IO3BOJISIOIINE
paccunThBaTh KOADPUIMEHTHI Kp, B 3aBUCHMOCTH OT YeT-
HOCTH WJIM HEYETHOCTH 3HaMeHarens ApoOHocTH. OmHaKo
HU Nony4eHHble P. PUXTepoM pe3ynbTaTel, HU yKa3aHHBIA
AQHATMTHYECKUH TTO/IXO0/] B TIOCIIEAYIOIIEM JOJKHOTO Pa3BH-
THS 1 IPAKTHYECKOTO IPHIMEHEHHS HE TTOTy HITH.

Tak, B OHOH M3 CaMBIX aBTOPUTETHBIX COBPEMEHHBIX
MOHOTrpadii 10 TEOpUH 0OMOTOK BOIIPOCAM METOIMKHU Pac-
yera koddurmenta Kp, mocesmieHo donee 30 cTpaHuI TEK-
cra [3, monpaszmensl 5.4-5.7]. Yka3aHHas METOMMKA Xapak-
TepU3yeTcss TOBBIIICHHON TPYAOEMKOCTHIO, T.K. TpeOyer
MOCTPOCHUS MOJSIPHBIX BeKTOpHBIX quarpamm MJIC (3C)
JIPOOHBIX OOMOTOK MO KaXKIOH M3 aHAIM3HPYEMBIX rapMo-
HUK. CBOEOOpa3HbIM TPU3HAHKWEM ITOBBILICHHOW TPYI0EM-
KOCTH YKa3aHHOTO TIOJIXO0/A SIBIISIIOTCS U TAOJNIIBI BENUYHH
k03 puIeHTOB Kp,, MpHBEICHHbIC B NpUIOKeHHH 15 u
cozeprKaliue JaHHbIe 3HaYeHUsI TOIBKO JUIsl pabodumx Trap-
MOHHK U JUT TAPMOHUK HU3IIETO MOpsIIKa.

KoneuHo >xe, camy UJ1eto co3iaHus TabIMIHOTo OaHKa
JIAHHBIX, HETOJIHOTO U TI0 COAEPKaHHIO, U 110 O0JIACTH TIpH-
MEHEHHS TPYIHO TPU3HATH COOTBETCTBYIOIIEH YPOBHIO CO-
BpEMEHHBIX TpeOOBaHMH, a coziepkaHne Talui He odecrie-
YHBAET ITOJHOTY TapMOHMYECKOT0 aHaJIH3a.

3amadell HACTOALIEH CTaTbU SIBISIETCS aHAIU3 MpU-
YMH CO3/IaBLICHCS CUTYyallMy M pa3paboTka 0000IEHHBIX
METOIOB pacuera KOIP(UUHUEHTOB Kp,, KIACCHYECKHX
IpoOHBIX 00MOTOK Wimyk, M 00ECIICUMBAIOIINX WX YHH-
BEPCAILHOCTH M IPOCTOTY MPOrPaMMHOM peann3aryy.

Jlnst penieHnst yKazaHHOW 3a7aud CIEIYET HCIIONB30-
BaTh CIIOCOO MOCTPOEGHHS CHMMETPHYHBIX APOOHBIX 0OMO-
TOK, mnpeyiokeHHbIH P. Puxtepom. Crioco® ocHOBaH Ha
(hopMHUpPOBaHUM YUCIIOBBIX IOCIEN0BATENBHOCTEN Po HOMe-
POB na3oB, B KoTopbIx pazmeriensl AKC oxHoit u3 ¢as. [o-
cienoBatenbHOCTh Po mpencraBisier coboil apudmeruue-
CKYIO IIPOTPECCHUIO, BHIOIHEHHYIO C marom R

R mQn+1

d ()
rae N — TaKoe HATYPaIbHOE YKCIIO, IIPU KOTOpoM R — me-
JI0€ YHCIIO.

D10 00eCIeYnBacT CMEIICHHE COOTBETCTBYIOMIMX
ykazanaeiM AKC BexropoB Ha quarpammax MJIC (31C)
B Macmrabe paboumnx rapmonuk (p=d) Ha yroi oy MUHH-
MaJbHOTO C/BHI'a B MarHHTHOM IIOJIC U, CJIEIOBATEIbHO,
MaKCHMaJIbHO BO3MOXXHOE 3Ha4YeHHe Koddduimenta Kp,.

© B.I'. lérreB
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Yka3zaHHBIH TOIXO MOXKET UCIIOIB30BATHCS KaK IS
TIOCTPOEHMS APOOHBIX OOMOTOK, TaK U ISl NCCIICAOBAHNUS
nx cBoicTB. Kak criocod ¢popMupoBanus IpoOHBIX 00MO-
TOK OH IIMPOKOTO PACIPOCTPaHEHHs HE MOIYYWI, T. K. IO
TPYAOEMKOCTH 3HAYUTENBHO ycTymaer crmocody [2], oc-
HOBAaHHOMY Ha ITOCTPOECHHH YHCIIOBOTO psijia OOMOTKH H
OTJIMYAIOMIETOCs IPOCTOTOH 1 3(h(hEKTUBHOCTHIO.

Ho npu ananm3se cBolictB ooMotok uzest P. Puxrepa
MOXeT OBITh HCIIOJIb30BaHA OYEHb NPOJIYKTHUBHO IO Clie-
IVIOUIUM TIpUYrHAM. Bo-TIepBBIX, TOCICIOBATEIHHOCTH
Po ompenmensior monoxenne MuHEManbHoro uucma (Q)
TIOJSIPHBIX BEKTOPOB, ITO3BOJIIOIIMX ONPENEIUTh KO0d(-
¢unuent Kp, Ha quarpaMmax B Maciirabe rapMOHHK Mpo-
W3BOJIBHBIX IOPSJIKOB. BoO-BTOpBIX, Ha M000# M3 3THX
JarpaMM YIJIOBOE CMELICHHE KakKIoro BEeKTOpa OTHOCH-
TETBHO COCEAHETO OJTMHAKOBO.

WmeHHO TaKkoii moaxo 1 ObII IPUMEHEH aBTOPOM TIPH
BbIBOZIE (OpMYN pacuera KOI(QQHIMEHTOB pacnpejaere-
HHS JPOOHBIX OOMOTOK Kp,, XOTS €IMHOTO BBIPAXKCHUS
Tak 1 He ObUIO ToiydeHo. OMHOW W3 TJIABHBIX TPUYUH
3TOTO SIBJISCTCS BBIOOp B KauecTBE OOBEKTa HCCIIE0Ba-
Hus mepuoga [4]. JloctaToyHO pacmpoCTpaHEHHBIMU
aHaJIOTaMU J3TOTO MOHSITHS SIBISIOTCS JJIeMEeHTAPHAasI
00MoTKa [3] 1 moBTOpsIOIIAsICS YAacTh 0OMOTKH [2].

[MpumenurensHO K TapaMeTpam OO0BEIMHEHHOTO
MHOXKeCcTBa Wy, ONpenenuM mepuon Kak 00MOomKy ¢
3a0aHHBIM YUCI0M NA306 Ha NOIOC u pasy (, 6bIn0J-
HEHHYI0 8 MUHUMATbHOM YUC/IE NA306.

OmHako B ApOOHBIX 2M-30HHBIX OOMOTKAX C YETHBHI-
MU M HEYCTHBIMH 3HaMeHaTelssMu apodHoct d mpu ox-
HOM M TOM >Ke 3HaueHHH Q IepHoJIbl Pa3IMYHBL

[pu 5TOM OHH OTIIMYAIOTCS, KaK pasMepoM ([epHOIb!
TakuX OOMOTOK MpH YeTHhIX ( 3aHUMAKOT BIBOE MEHBIIICE
YHUCITO Na30B), TAK U INIOTHOCTBIO FAPMOHUYECKOTO CIIEKTPA.
JlelicTBUTENBHO, €cii Ha Tepuoae 2M-30HHBIX OOMOTOK ¢
YeTHBIMU 3HaMeHaTesMu 0 MOPSIIKK V HeHYJICBBIX IapMo-
Huk D/1C onpenenstoTcs BBIpaXKeHUeM

v=1,23,4, ..,
T.e. COIepXaT Kak YeTHbIC, TAK U HEYETHHIC TapMOHHKH,
TO MPH HEYETHBIX 3HAMEHATENsIX d OTCYTCTBYIOT BCE Tap-
MOHHWKH YETHBIX MOPSIIKOB

v=1,3,5,7, ...

OueBHIHO, YTO B ITHUX YCIOBHSAX 00OOIIEHHOE BBHI-
paxxeHHe pacyera Kod()GULMEHTOB pacnpeneneHus Kp, U
HE MOIJIO OBITh MOJTYYEHO.

BeixomoM ©3 co3naBHICHCS CHTyallid MOXKET IIO-
CITYXXUTh BBIOOp HOBOHM 0a3bl Uil MOMCKa HEOOXOIUMOM
000011eHHOH (popMyITBI.

Takoii 0a3oif, o0mieii B mpenenax OOBETUHCHHOTO
MHOXkecTBa Wgymk, MHOro(a3HBIX JPOOHBIX OOMOTOK,
MOXET CIYXKUTb OCHO8HAA O00MOMIKQ, TOI KOTOpOU
YCJIOBHMCSI TIOHUMATh O00OMOMKY, YUCIO0 NOMIOCO8 [
KOmopoii pagHo 3Hamenamento Opoonocmu d, évinon-
HEHHYI0 6 MUHUMAILHOM Hucie na3oe Zo=K,mQ.

Kpome Toro, cinemyer BHECTH SICHOCTh B CYIIIHOCTD U
TIOPSZIOK TIPUMEHEHUS! TTOHSATHH: aOCOMOTHBIA V' ¥ OTHO-
CUTEJBHBIIN V TOPSAIKA TAPMOHUK.

[onsitue ommuocumensnozo v TOpsiKa BBEACHO B
NPaKTHKY IIPU MEpexojie OT IMeproaa 0OMOTOK MHOXECTBA
W mk; K MHOTOTIOJTFOCHBIM UX MOAH(MHUKAIAIM, 00pa30BaH-
HBIM 1OoBTOpeHueM nepuoda T pa3 [4, 5]. Tlockonbky me-
PHOJIBI YKa3aHHBIX OOMOTOK BCEra ABYXIOIOCHEIE (p=1),
TO YHCIIO Tap TIOJIOCOB OKA3bIBAETCS PABHBIM UYHCIY TI0-
BropeHuil: p=7. CMbICA 3TOr0 MOHATHUS 3aK/IIOYaeTcs B
TOM, YTO OHO HCIIOJNB3YETCsl B KaUeCTBE PAacYeTHOI0 3Ha-
yeHust B BoipaxkeHnH (1). [TloaToMy pe3ynbTarhl, MOTy4eH-

HBIE B MPOIIECCE MCCIIEIOBAHNS CBOWCTB OOMOTOK HA IIepH-
oJie, CIPaBEIJIMBEI M I OOMOTKH, COCTOSIIEH W3 p TO-
BTOPSIIOIIMXCS [IEPHOJIOB. DTO MO3BOJISIET JIIOOBIE XapaKTe-
PHUCTHKH, TIOJyYeHHBIE Ha IIepHUoZie OOMOTKH, HCIOIB30-
BaTh TPUMEHHUTEIBHO K MHOTOIIOJIOCHOH OOMOTKe.
Hampumep, npu nepexoze K P-HOMIOCHONH 0OMOTKE Jj0CTa-
TOYHO TOJBKO y4eCTh, YTO 3HAYCHHS KOIPPUIMEHTOB Kp,
10 (1) COOTBETCTBYIOT yKe @fconomubim TOPSIKaM V,
OIIPE/ICIISIEMBIM T10 BHIPAYKECHHIO
v'=vp=vT.

Takum oOpazoMm, mist 0OMoTOk MHOkecTBa Winmk,
OTHOCHTEJIFHBIM MOPSJIOK TapMOHUK aJIeKBaTHO OIpejie-
JsieTcs Kak 110 3HaYCHUIO paboydeil TapMOHUKH V=p, TaK 1
0 YMCILY TOBTOpeHUH T mepronoB

v=vp=v'[T.

Ho yxe B cimydae ApoOHBIX OOMOTOK 4HCIa TIEpUO-
noB T u nomocoB p=d oOMOTKH He coBmanalT. Tem He
MEHee, MIMPOKOE PaclpOCTpaHEHHE MONydYdia MPaKTHKa
OIpEe/ICIIeHHs OTHOCHTENBHBIX MOPSIIKOB APOOHBIX 00OMO-
TOK 110 opMmyIIe

v=v'p.

B 3TOM ciydae HEKOTOpbIE M3 OTHOCHTEIBHBIX MO-
PSIIKOB Vv BBIpaXKaloTcsl IPOOHBIMU uuciaaMu. [IpoOHbIe
TIOPSIAKM HE TOJBKO IPOTHBOpEYAT CaMOMY CMBICIY IO-
HSTUSI TADMOHMYECKHX COCTABILSIIOIIMX, HO M HE MOTYT
ObITh 3(PEKTUBHO HCIIOIH30BAHBI B KAYECTBE PACUETHBIX
3HAYEHHUH TP OINpeJIeNICHN OOMOTOYHBIX KOI(QHITHCH-
TOB M MX COCTaBIISIIOIIMX. B crity atoro, monsTHe apoo-
HBIX TIOPSAKOB 11€1€C000pa3HO BOOOIIE HCKIIOYHUTH W3
paccMOTpeHus..

YcnoBuMcs 10 OTHOCHUTEIbHBIM MOPSIIKOM vV
TapMOHHUKH BCIONly JlaJiee NOHHUMATh a0COJIOTHBIE TO-
PSIIKM OCHOBHBIX 00MOTOK, a JUIsl TIPOM3BOIHBIX 00MO-
TOK, TTOJy4aeMBIX NMOBTOPEHHEM OCHOBHBIX, OIPEIEISTh
9TH 3HAYCHHUS 110 BEIPAKCHUIO

v=VIIT,
rze 7— 4uciio HOBTOPEHUH OCHOBHOM OOMOTKH.

3ameTuM, YTO MPH YETHBIX 3HameHarensx d mpowus-
BozHbIe 2M-30HHBIE (K,=2) 0OMOTKH MOTYT OBITH BBIIIOJ-
HEHBI B HEYETHOM 4mciie 1mazoB Z. B atom ciydae ymcio
noBTopeHuid 7 Oyner BBIpaXaThCs JIPOOHBIM YHCIOM CO
3HameHarenem 0=2. Ho omacaTbCs 3TOro He CIIEIyer,
TIOCKOJIBKY OCHOBHAsi OOMOTKa B 3TOM CIIydae COJEPKUT
B CBOEM CIIEKTPE TOJIBKO TapMOHUKH YETHBIX IIOPSIKOB,
TO a0CONIOTHBIE IMOPSIKK V' TapMOHHMK TaKHX OOMOTOK
Bcerzia OyayT BEIpa)KaThCsl B BUIE LIEJIBIX YHCEI.

[Ipexne yeM mepeiTr K BBIBOAY 00OOIIEHHOTO BBIpa-
JKeHusI pacuera Kp,, B Ipe/erax OCHOBHBIX OOMOTOK, HEO0-
XOJIMMO CKOPPEKTHPOBATH MCXOIHOE BhIpaxkeHue (2).

Heno B ToM, 4To pangaM Pg 2M-30HHBIX JPOOHBIX
00MOTOK ¢ HedeTHbIMU O, TONydeHHBIM 1Mo (2), MOTYT
COOTBETCTBOBATh YePEOBaHMS KaK cOrnacHo (mpu der-
HBIX 3HAYEHWsIX N), TaK M BCTPEYHO (IPH HEYCTHBIX N)
BkirodaeMblx AKC. B Takmx ke 00OMOTKax HpH YETHBIX
3HaMenareasix 0 mar R Moxer ObITh LENbIM HHCIOM
TOJBKO TPH HedeTHHIX N. JIims M-¢a3HeIXx 0OMOTOK IO-
CIIEJOBATENBbHOCTh Po 0TOOpaXkaeT paclpeneieHue TONb-
Ko cornacHo BkitogaeMbix AKC.

C y4yeroMm STHX OCOOCHHOCTEH W TOTO OOCTOSITENbh-
CTBa, YTO 3HAKHM IUTIOC WK MUHYC B (2) yKa3bIBaIOT IIpo-
CTO HalpaBJIeHWE OTCYETa YTJIOB, YCJIOBUMCS Jajee Hc-
10JIb30BaTh YKAa3aHHOE BBIPAXKECHHE B BH/IC

R= —ngl = )

rze Ny — Takoe HeYeTHOe HATYpaJhbHOE YHCIIO, IPU KOTO-
poM R — 1iemoe gucio.
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Tornma Ha BEKTOpHOHM AuarpaMme B MacmTade Ipo-
MU3BOJNBHON V-0l TAapMOHHUKH YIOJI CIOBUra O Mexny
€IMHUYHBIMU BEKTOPaMH, COOTBETCTBYIOIUMU COCEIHUM
AKC, coctaBuT

0, =0LVR+E=0L2RV+2—TC=—2TW +E.
k, k, k,mQ Kk,

DTO MO3BOMSET MOMYYUTh 00OOIICHHOE BBIPAKEHUE
pacuera ko duirenta Kp,o IpOOHEIX 0OMOTOK OJJHUM W3
JIBYX M3BECTHBIX CIIOCO0OB. B mpocreiimem ciydae BbI-
BOJ OCYyLIECTBISIETCST 3ameHodl yrima a,=2mv/(mkzQ) B
nsBecTHOM (opmyie (1) mist 0OMOTOK C IENTBIM YHCIIOM
1a30B Ha Nooc U ¢a3y 3HayeHueMm 0,

[ mv . [nmvR  mQ
sin P sin W+k—
m
kpy = = )
. . [ R =w
Qsinf|—— | Qsin| ——+—
mk,Q mk,Q  k;

[MonydeHHOE TakuM 00pa3oM BEIpAKCHUEC B OOJb-
[IMHCTBE CTy4YacB BIIOJIHE MPIMEHUMO Ha MPAaKTHKE, €CIH
3amadell TapMOHUYECKOTO aHAIM3a SIBISCTCS OMpeieie-
HUE a0CONIOTHBIX 3HaueHWH Kod(duumeHTOB pacmpene-
nenust Kp,g. OHAKO, B HEKOTOPBIX Clydasx, mpeHedpe-
JKCHUE 3HAKaMU 3TOT0 KOI(D(MUIIMEHTa MOXKET MTPUBECTH K
HEBEPHBIM pe3yibraTaM. Tak, ucnonb3oBanue (3) Hemo-
ITyCTUMO, HAMpUMep, TPH OmpeleaecHUHd (HOPMBI BBIXOJ-
HOT'O HAaNpsDKCHUS Ha BBIXOJE TCHEpaTopa, T. K. U3MEHe-
HUIO 3HaKa npu Kp,g MPUBOJMT K U3MEHEHUIO (a3bl COOT-
BETCTBYIOIIECH TapPMOHUKH Vo Ha B3aUMHO HHBEPCHYIO.

Bropoii crioco0 3akirovaercst B TOM, YTO IOJISIPHEBIE
Bektopel MJIC (BC) omHoii u3 a3 Ha auarpamme B
Macmrabe TapMOHUKH TOPSIKA Vo PACHONararoTCs CHM-
METPUYHO OTHOCHTEIIBHO OCH, YTO ITO3BOJISICT OmIpeie-
JUTHh PE3YJAbTAT WX TCOMETPHUUYECKOr'O0 CIOXKCHHS, KaK
CYMMY TPOCKINI yKa3aHHBIX BEKTOPOB HAa 3Ty OCb. B
9TOM CITydae U3MCHCHHUS HAIPABICHUS PE3yIbTHUPYIOIIC-
IO BEKTOpa aBTOMATUYCCKH BBI3BIBACT CMCHY 3HAKa IPH
uckomMom kodpurrerte Kp,g.

Omyckast 37ech BBIBOA (DOPMYIBI 3THM CIIOCOOOM,
OTMETHM, YTO TOJYYCHHBIN Pe3ynbTaT OyIeT OTIHIAThCS
oT (3) MOMONMHUTENBHBIM MHOXKUTENEM Mg, PUHAMAIO-
oM 3Hagenus '+1", "-1" u "0" u BRITOTHSAIOIINM POITH
KOPPEKTOpa 3HaKa

M, = cos m(1—v)
k;

Crienyer ormeruts, uto Gopmyist (1) u (3) mpuso-
IAT K HEHYJCBBIM 3Ha4YeHWsM Ko3(bduuueHroB Kp, mpu
JOOBIX LENBIX TOpsIKaX TI'apMOHMYEcKHX. [losTomy, B
CTPOTOM CMBICJIE, OHH CIIPaBEIJIMBBI TOJHKO B OTHOILIE-
HUM M-30HHBIX OCHOBHBIX OOMOTOK, T. K. B CIEKTpax
rapmonndeckux MJIC (3/1C) Takux 0OMOTOK COJepIKat-
s KaK 4eTHbIE, TaK U HEUETHBIC TapMOHHUKH

vo=1,2,34,56,7,...

IMopsiaky GeckoHEYHOro psiia TapMOHMK IOApasJe-

JIM Ha JMaIa30Hbl
1+k,mQ-(n, —1) <v <k,mQ-n,,

roe Np=1, 2, 3, 4,... — IOpsSI0K AUarna3oHa.

MaxkcumanbHoe unciao Nz TapMOHMK, KOTOPBIM CO-
OTBETCTBYIOT HEHYJICBbIC 3HAYCHHS KOIPPUIMEHTOB Kpyo,
B Mpeieniax JII000ro JUana3oHbl ONPEAENsieTcs Mo BhIpa-
JKEHHIO

2N7 =2mQ/k, .

Ha npakTtuke 3amaga rapMOHMYECKOro aHain3a 00-

MOTOK CBOAUTCSA K onpeneneHuio Nz ko durmentos Kp,o

B MIOJIOBHHE TIEPBOTO JAMAIa30Ha, T. K. ISl JIIOOBIX IPYTHX
TIOPSIZIKOB MCIIOJIB3YETCSl CBOWCTBO IEPUOANYHOCTH 00-
MOTOYHBIX KO3()(HUIINEHTOB.

ITpn HeueTHBIX 3HaUeHMSIX Q 3aKOH NMEPUOANTHOCTH
npezcTaer B BuE (31eCh U aliee Vo — MOPSIOK TapMOHH-
KU [IEPBOT'0 IHAIIa30Ha OCHOBHON OOMOTKH)

Kp(k,mQ-n,+vy) = KDv, » 4)
a TIpu 4eTHBIX Q
Kp(2k,mQ-n,+v,) = KDv, - ©)

Jlnist abCconmroTHBIX 3HaYeHHH Kp, IpaBHIIO mepHoIy-
HOCTH HUMEET BHJ|

‘kD(kzmQ-nzivo) =‘vao

OC00EHHOCTH 3aKOHa IEPUOIMYHOCTH KOd(dHIIIEH-
TOB pACIPEICICHHS] B 3aBHCUMOCTH OT YETHOCTH WIH He-
YETHOCTH 4Kcia Q HAIVIAIHO WUTFOCTPUPYIOTCS TpauKamMu
3aBrucHUMOcTei Kpyo=f(Vo), MprBeaeHHbIMU Ha puc. 1.

Ha puc. 1,a npuBeneH rpaduk THIMYHON 3aBUCUMO-
ctu Kp,=f(vq) i 0OMOTOK ¢ HedeTHbIMH 3HAUCHUsIMU Q,
XapaKTePU3YIOIHICS COXPAHCHHEM 3HAYCHHI M 3HAKOB
K03 UIMeHTOB Kp, OTHOCHUTENHFHO IUIOCKOCTH 3€PKalib-
HOIf cUMMeTpHH MM B cOOTBETCTBHUE C (4).

INpu yeTHBIX 3HAYCHUSX Q, KaK ATO creayer u3 puc. 2,0
THITMYHAS 3aBUCUMOCTB Kp,=f(V) XapakTepu3yercss HaIm4u-
eM neHtpa cummerpun C, paclioNararonierocs Ha ropH30H-
TaJBHOM OCH 1O CepelMHE KaKIOro JHarna3oHa W BhI3bIBA-
OIMX MHBEPCHIO 3HAKOB K0d(uieHtoB Kp,. 31ech mioc-
KOCTh 3epKAIBHOH CUMMETPHU MM KpuBoit Kp,=f(vo) BO3HH-
KaeT TOJNBKO Ha MPAHMIAX JMAINa30HOB, YTO OOBSCHSIET I10-
SIBJICHAEC MHOXUTENIS 2 B UHICKCE hopmyisl (5).

Jlnisi aBTOMATHYECKOro OOHYJICHHST OTCYTCTBYIOIIUX
rapMOHHK 2M-30HHBIX OOMOTOK B (opmyisl (1) u (3)
clielyeT BBECTH J100aBOYHBbIC MHOXHTENH M) u Mj cooT-
BETCTBEHHO:

Ml = Sin TCV—O y
2
|\/|3 =|sin M .
Torna nomyunm:
sin o -My
kpy = S (1)
gsin v
mk,
sin ﬁ+7lz£ MVO'Ml'M3
kpy = - ~ (3)
Qsin| ™o T
mk,Q k,

Coueranue popmyn (2', 3', 4,5) cocraBisier OCHOBY
TIEpBOTr0 aJITOPUTMA TaPMOHHYECKOTO aHajii3a OOMOTOK
00beHeHHOT0 MHOXKECTBA Wiz

Bropoii anroputM MOXeT OBITH MOJIYYEH C HCIHOJb-
30BaHHEM H3BECTHOro cBoiicTBa [6-8] oO6MoTOK 06BEmH-
HeHHOro MHOXeCTBA Wynmkz. DTO CBOMCTBO 3aKiiodaeTcst
B TOM, YTO NpH (UKCUPOBAHHOM 3HAYCHUM YHCIIA T1a30B
Ha roiroc ¥ Gazy Q 1 npon3BOILHOM 3HAYEHUH 3HAMEHA-
tenst d Habop u3 Nz kosddunmentos Kp,g ocraercs Hems-
MEHHBIM, HO paclpezieiieHie YKa3aHHbIX Kod(hUIIeHTOB
IIPY K2XKJIOM 3HAYCHUH OCYILIECTBISIETCS 110 TaPMOHHKAM
Pa3IMYHBIX TOPSAKOB.
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Puc. 1. Tunuunsie 3aBucumMocth Kp,=f(vo) st 06MOTOK ¢ He-
wetHpIMHE (@, §=5) 1 deTHbMH (6, (=4) 3HaueHHIME Q=(

3ajava ompeneneHUs 3aKOHA Iepepacpe/IeiCHIsI
3Ha4YeHni KO3(PUIUEHTOB Kp, 110 TapMOHHKAM pa3Jidd-
HBIX TOPSIIKOB Vo B 3aBUCHMOCTH OT 3HAMEHATENs Jp0o0-
HocTH O peraercst CaeayonmuM oopa3oM.

Ha ocHOBaHWMH COMOCTABHTENFHOrO AHAIM3a PACUCTOB
no BeipakeHusiM (1) u (3') ycranosieno, uro dopmymna (1)
aJICKBATHO MPUMCHUAMA K OCHOBHBIM JPOOHBIM OOMOTKAaM,
€CIIM TIOPSIKM V TApDMOHMK B HEM 3aMCHUTH PacYeTHBIM
HOPSIAKOM Vp, OLPEIEIIIEMOrO [0 BBIPKCHUIO

v,=v'lp=vld
OpH YCIOBHH, YTO YKA3aHHOE OTHOLICHUE SIBJIACTCS Ue-
JIBIM YUCAOM B CITydae M-30HHBIX OOMOTOK M — UelbIM
HeuemHbIM YUC10M B cTydae 2M-30HHBIX 0OMOTOK.

Ecnu 1yt ocHOBHBIX 00MOTOK ¢ menbiM  uucio 2Nz
TapMOHHK, Y/IOBJICTBOPSIOLINX 3TOMY YCIOBHIO, obecrie-
YHBACTCS YK B MpeJenax MepBoro AWana3oHa TapMOHH-
YECKOr0 CIEKTpa, TO Ui IPOHM3BOJIBHBIX OCHOBHBIX
JOPOGHBIX OOMOTOK YKA3aHHOE YKCIIO PACYETHBIX TapMo-
HUK V, COIEPXKUTCS He MeHee ueM B d uara3onax.

ITpu 3TOM OKa3BIBAETCS, YTO IPadMKU 3aBHCHMOCTEH
k09 huLIeHTOB Kp, OT PACYCTHBIX 3HAYCHMH V|, IOIHO-
CTBIO HICHTUYHBI KPHBBIM HA PHC. 2 [IPH YCIIOBHU COXpPa-
HEHUS YKCIIa Ta30B Ha (Ba3Hyio 30HY Q.

[MporiuTOCTPUPYEM 3TO CBOMCTBO TpaduKaMu 3aBH-
cumocteit Kp,=f(v,) 1 Kp,=f(vo) mist ocHoBHON 2M-30HHOM
IpoGHON 06MOTKH ¢ HedeTHbIM uuciom Q (q=5/4), npu-
BEICHHBIMU Ha puc. 3.

Kax cienyer u3 pucyHka, nonydentast Kpusas Kp,=f(v,)
pacronaraercsi B uerbipex (d=4) auana3oHax U B TOYHOCTH
HOBTOPSIET aHAJIIOTHYHYIO 3aBUCHMOCTh Kp,=f(v) Ha pmc.l,a
OTHOCHTENIBHO PACUCTHBIX 3HaueHUil v,=v/d HibkHe# IKa-
1bL Ho xaxxnomy 3HaueHuno Kp, o rapMOHHKE V,, I000ro 13
CTapIUX JMAIa30HOB MOXET OBITh ITOCTABJICHO B COOTBET-
CTBHE C 3epPKaJIbHBIM XapaKTepoM HeprommdHocTH (4) pas-
Hoe 3HaueHHe KodbdumenTa Kp, o rapMOHHUKE Vo U3 TIep-
BOTO [IMara3oHa. YKa3aHHOE COOTBETCTBHE MOXKHO HHTEp-
[PETHPOBATh KaK TAPAUICIbHBII TIEPEHOC YIaCTKOB KPUBOM

kpy=f(v}) cTapumx Iuana3’oHOB B 30HY IEPBOTO JUAIa30HA
TaK, KaK 3TO MOKa3aHo Ha pHC. 3.

N I — /

1

Koy,

0957 NI T
7

0,647 |14 1] KZ L

0,200
0,102

4 %2/ 100 108 116
|
9 11 13 15 17 19 21 1B 25 27

Vo=V = Zy:1= vp-d-30-1
Vo=Vp-d-30-2

0,109
0149

0,47

N iy

T

Vp=VJd

Vo=Vp-d-30-3

Vo=V

Puc. 2. 3aBucumoctu Kp,=(v,) 1 Kp,=f(vo) ocHoBHOI1 1pobHO#H
obmotkw (q=5/4)

J1i1si 0OOMOTOK ¢ YEeTHBIMH 3HAYCHHUSAMH YHCIIA TTEPHO-
JIUYHOCTD KO3 PUIUEHTOB Kp, HOCHT UHBEPCHBIN Xapak-
tep. Tloaromy mexanunueckoe (6e3 yuera ykazaHHO# 0co-
OCHHOCTH) MOBTOpPEHHE MPE0OPA30BAHMI, BBITOIHCHHBIX
Ha PHUC. 2, MOXET MPUBECTH K HEBEPHBIM pPE3yNbTaTaM.
[MopsinkoBbIe HOMEpa IUANa30HOB HA JAHHOM pPHUCYHKE
0003HaYeHbl PUMCKUMH LUPPAMHU.

[TprMep HEKOPPEKTHOTO MpeoOpa3oBaHusl MPUBEICH
Ha puc. 3,a. OmmubKa 3aKIroYaeTcs B TOM, 4TO IIEPEHOC
y4acTKOB KpHBOH Kp,=f(V,) BBIIONHEH U3 IEPBBIX ISTH
JIMAIIa30HOB, B TO BPEMs, KaK JOIMYCTHM TaKOi MEpeHoC
TOJIEKO M3 HEYETHBIX THANIA30HOB.

KoppekTHoe npeoOpa3oBaHHe BBINOJIHEHO Ha pHC.
3,6. 31ech BBINOJHEH MEPEHOC YYaCTKOB KPHUBOM Kp,=(V)
TOJNIEKO KaXXJJOr0 HEYeTHOr0 AMANa30Ha, HAYMHAS C Tpe-
TBETO, B 30Hy IIEPBOI'0 U3 HUX, YTO COOTBETCTBYET TpeOo-
Banuio (4). (UerHble Anana3oHbl KCKIFOYEHbL.) B pe3yiib-
TaTe MoJydaeM Pe3yJAbTHPYIOIHUH rpauK 3aBHCHMOCTH
kDV:f(Vo).

CorocraBiienre rpadMKoB IEPBBIX THANa30HOB PHC. 3
HaIVIIHO MOKA3bIBACT, YTO UX OTJIMYME MPOSBISCTCS TOJb-
KO B TeX y4acTKax KpuBbIX Kp,=f(vo), Koropsie Ha puc. 3,a
TIOJTY4YEHBI IIEPEHOCOM M3 YETHBIX JHANa30HOB, U 3aKII0Ya-
€TCS B MHBEPCUM 3HAKOB HEKOTOPBIX KO3 HIIMEHTOB Kp,.

B aHamuTHYeckoM BHIE YCIOBHE PaBEHCTBa KOA(D-
¢unmentos Kp, ONMUCHBaETCS BRIpAYKEHUEM

v=v,-d =2k,mQnz + vy, (6)
OTKy[a CIIeyeT
v. = ZkZan3 +Vvg , (7)
P d
rae N3 — HAUMEHBIIEe HAaTypajibHOE YUCIIO, IIPH KOTOPOM
ISl 2M-30HHBIX 00MOTOK — IIeJI0e HeYeTHOe YHCIIO0, a B
ciiyyae M-30HHBIX 00MOTOK v, — J11000€ 11eJ10e YHUCJI0.

Cosokymaocts Gopmyn (7, 1', 4, 5) cocrasmsier oc-
HOBY BTOpOT'O alropuTMa pacyera Kod((HUIHEHTOB pac-
npezenennss Kp, IPOU3BONBHBIX OOMOTOK MHOXECTBA
Wimkz, 00ECIIEUMBAIOIIETO MPOCTOTY pEANU3aldd M MH-
HUMaJTbHBIC 3aTPAThl BPEMEHU

[pencrapneHHbId MaTepUal MO3BOJISET MPEACTABUTH
MHOXeCTBO Wymk; B BHIIE COBOKYIMHOCTH T'OMOJIOTHYeE-
CKHX DSIOB, IIOCTPOSHHBIX Ha 0a3e IBYXIOJIOCHBIX 00-
MOTOK-OCHOBaHHH, CTPYKTypa KOTOPBIX HM3MEHSETCS IO
OIPENICTICHHOMY 3aKOHY — airoputMy (OpMHUPOBAHUS
JIPOOHBIX OOMOTOK ¢ (PMKCHPOBAHHBIMHU LICIBIMH YHCIAMH
ma3oB Ha nomoc u ¢a3zy q=Q.
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Puc. 3. 3aBucumoctu Kp,=(v,) 1 Kp,=f(vo) ocHoBHOIT 1poOHO#H
obmotkw (q=4/5)

Bo MHOrom xapakrep rOMOJIOTHMYECKHX CBSI3ed I0-
JI00EH MX MPOSBICHHUIO B IPYTUX MHOXECTBaX OOBEKTOB.
Hampumep, B roMosormdyeckux psiaax XMUMHUYECKHX CO-
€/IMHEHU OCHOBHBIE XMMHYECKHE M (PU3NYECKHE CBOW-
CTBa OMpENeSIOTCS (DYHKIMOHAIBHBIME TPYIIAMH, a
CTENEeHb MX TIPOSBICHHUS — YIIEpOAHBIM cKeneToM. Kak
NIPaBUJIO, 10 MEPE YBEIMYCHUS YMCIa aTOMOB yIJIepoja
CBOICTBA COCAMHEHNI YBEINYNBAIOTCS WIIM YMEHBIIAIOT-
Csl C ONPEACIEHHOM 3aKOHOMEpHOCThIO. OmHaKo B psze
CITy4aeB yKa3aHHbIE 3aKOHOMEPHOCTH HE COOII0aroTCs.

B Hamem ciydae BIEeKTpOMarHHUTHBIE CBOMCTBA
IPOOHBIX OOMOTOK (COBOKYITHOCTH TIap: IOPSIOK TapMo-
HUKH V; BennmdnHa koddouimenta pacrpenenerust Kp,)
3aKOHOMEPHO M3MEHSIOTCSI 110 MEpe YBEIWUCHHUS 3HaMe-
Harenst apobHocTr d. CTeneHb MpOsBICHHS STUX CBONCTB
(xonmmaectBo Nz KO3 PUITMEHTOB HA AUATIa30H U yPOBEHb
3Ha4YeHnsT KO3 UIUEHTOB Kp,) oOmpemensercs 4uciom
ma3oB Ha (a3Hyo 30Hy Q.

OTnMYUTENHPHON 4epTOH TOMOJIOTHMH OOMOTOK MHO-
skectBa Wymk, SBIISeTCS TOT (DakT, 9TO 3aKOHOMEPHOCTh
W3MEHEHHS 3JIEKTPOMATHUTHBIX CBOMCTB IO Mepe Iepe-
X0z1a OT 0OMOTKH-OCHOBAHHS K TIPOU3BOIBHBIM 0OMOTKaM
TOMOJIOTHYIECKOT0 PsiJa OJHO3HAYHO OMpENeNseTcs] aHa-
nuTaaecku — popmyioii (7).

C OompIoii 1o7el BEpPOSITHOCTH MOXKHO IPENnono-
JKUTh, YTO NPOSIBICHHE TOMOJIOTHHM TIPH NEpexoie OT
JIBYXITOJIFOCHBIX OOMOTOK K MHOTOITOJIIOCHBIM YIOPSIZIO-
YEHHBIM NPe0oOpa30BaHUEM HX CTPYKTYpHI sBisieTcst QyH-
JAMEHTaJIbHBIM CBOMCTBOM IIPOU3BOJIBHBIX MHOTO(a3HBIX
obMorok. Eciu monarate, yTo B oiiHOM MHOXecTBe Wi,
MHOrO(a3HBIX OOMOTOK CYLISCTBYIOT THIIBI IBYXIIOJOC-

HBIX OOMOTOK, OTJIMYAIOUINXCS OT OOMOTOK C LENBIMH
YHCIIAMH 11a30B Ha MOMIOC U a3y, TO B MpEAenax 3TOro
MHOXECTBA MOXET OBITH CPOPMHPOBAHO OECKOHEYHOE
YHCIIO TOMOJIOTUYECKHX PSJIOB MHOTOIOJNIOCHBIX OOMO-
TOK, NOCTPOCHHBIX Ha 0a3e JAPYrHMX THIIOB OCHOBHBIX
JBYXITOJIFOCHBIX 0OMOTOK-OCHOBAaHHH.
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Fractional windings harmonic analysis.

Investigation results for multiphase windings of a united variety
that includes windings with fractional and integer number of
slots per pole and phase are given. An algorithm of the specified
windings distribution coefficients calculation by random orders
harmonics is introduced. An analytic ratio of the windings har-
monic composition correspondence allowing representing the
structure of the united variety as a set of homologous chains is
determined.
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B.H. Cunopen, A.M. Xepunocekos, 1.B. [lenteros, O.U. Iletpuenko

OCOBEHHOCTH PACILTABJIEHUSA DJIEKTPO/IA TP IYTOBOM CBAPKE CTAJIEA

Jocniosceno 3anexcnocmi wiuOKOCmi po3naiaeieHHs Memany eneKmpooy npu 0y2080My 36apPIOGAHHI 6i0 36api06aIbHOZ0 CMPY-
My. Po3zenanymo eunaoxu 36apiosaibHo20 npoyecy 0e3 6unaposysaHHs Memaiy eieKmpood, 3 URAPOGySaAHHA MemMAy eleKm-
Pooa ma 3 nonepeoHim HazpianHaAMm enekmpoody. Bcmanoeneno, wio eéuxkopucmanua niHilinoi anpokcumauii 3anexcHocmeit
WEUOKOCHI PO3NIAGIICHHA MEMATLY e/1IeKMPOOy 6i0 CmPyMy 0ibit nepcneKmugHe, Hixe UKOPUCHAHHA NPONOPYIIHOT anpoxcu-
Mayii, ocKinbKu NiHilina 0UbW MOYHA Y 6CbOMY 0IANA30HI 36APIOBATILHUX CHIDYMIE.

Hccneoosanwl 3a6ucumocmu CKopocmu pacniaejienuis memaiiia 3Jlel<mp0()a npu 0y208012 CceéapkKe om Ceapo4H020 moKa. Pac-
CMOmMPEHbL Cltyduau ceapovHo2o npoyecca oe3 ucnapenus memaiia 3Jlel<mp01)a, C ucnapeHuem memauia BJleKmleda uc npedsa-
pumeilbHbIiM HA2pesom 3Jlel('mp01)(l. Onpe()eneuo, YMmo UcnoIb308aHue JTUHEHHOU annpokcumayuu 3aeucumocmeii CKopocmu
pacniaaenenus wemaiia 3Jlel<mp00a Om moOKa nepcneKkmuenee, Hem UcCnojib3oeanue nponopuuonaﬂbuoﬁ annpokcumayuu, m.K.

JIUHEeHHAA 0o/1ee MOYHAA 60 6CeM OUANA30HE C8APOUHbBIX MOKOE.

BBEJIEHUE
CKOpOCTh  IUIABJICHHS DJIEKTPOAa CYIIECTBEHHO
BJIMSICT Ha IPOM3BOIUTEIBHOCTh MpoLecca JYroBOi
CBapKH, ¥ ONpemesieT €ro  SHEPreTHYeCKyl |
9KOHOMHUYECKYIO 3 PEKTHBHOCTb. HccnenoBanne
3aBUCHMOCTH CKOPOCTH IUIABJICHHS OT Pa3UYHBIX
apaMeTpoB IMpoLecca SBISETCA aKTyalbHbIM, 0COOCHHO
B HacToOsIlee BpeMs, KOrJa BOIPOCHI pPecypco- u
9HEPTrOoCOCPESIKEHNUS BBILLIN HA IIEPBBIH TUIaH.
CKOpOCTh IDIABJICHUS METaJlIa 3JIEKTPOJa 3aBHUCHT
OT MHOrUX ()akTOpoB (COCTaBa SIIEKTPOXA U MOKPHITHS,
¢umoca, 3alIMTHOTO Ta3a, BENUYMHBI CBApPOYHOIO TOKA,
ero BUIA ¥ MOJSIPHOCTH, JIMHBI BBUIETAa M IHaMeTpa
aNEeKTpoaa U Jp.). VICTOPHYECKH CIOXKUIOCH TaK, HYTO
aNMpPOKCUMAIIMS  JKCIICPHUMEHTAJBHBIX — 3aBHCHMOCTEH
MacCOBOI CKOPOCTH IIABJICHUS Guelt
(IPOM3BOUTENBHOCTH IUIABICHHUSA) OT TOKAa CBapkd |
noJiaranack mpsMo MpOOPIHOHATEHOM:
Grmelt = Otmett! - @
KoaddunuenTy mnponopuuoHaIbHOCTH Gmelr  AAJTH
Ha3BaHue ko3 uneHTa paciuasneHus snekrposa [1-3].
HakoruieHo 0onblioe KOJIMYECTBO JAHHBIX II0  €ro
9KCIICPUMEHTAIFHOMY H3MepeHuto. Ho o3TH jaHHBIE
IIIOXO TOMAAIOTCS CUCTeMAaTW3allK, T.K. KpaiiHe
pa3posHeHbl. Oka3aloch, YTO BENMYMHA KO3((HIHEHTA
PACIUIABIICHHS Olmejt CAMa CJIOKHBIM 00pa3oM 3aBUCUT OT
BEITMYHMHBI CBAPOYHOro TOKa |, ero BHIa U HOJISPHOCTH.
B  pabore [4] momydeHa — ammpoOKCHMAIS
SMIHUPUIECKON 3aBUCUMOCTH, KOTOpasl SIBJISETCS JIMHEHHOM
Gmelt = melt! +Go - )
VHTYUTUBHO TPYIHO MOHATH Hajuuue B (opmyre
(2) urnena, KOTOPBIN HE 3aBUCHUT OT TOKa, BEIb TPH HyJIE
TOKa M CKOPOCTh paciuiaBiieHus Hyneas. Ho B pabore [4]
9KCHEPUMEHTAIFHO JJOKa3aHa aJeKBaTHOCTh (HOPMYJIBI
(2). Uenpto HacTosIIEH pabOThI ABISETCS TEOPETHIECKOE
000CHOBaHHWE  JMHCHHOW  3aBUCHMOCTH  CKOPOCTH
paciiiaBieHHs W BBUIBJICHHIO TpaHHIL oOnactei ee
NPHMEHUMOCTH.

OHEPT'ETUYECKUE XAPAKTEPUCTUKU
[IPUDJIEKTPOHBIX OBJIACTEN
ITo COBPEMEHHBIM [PEACTABICHHUSM c
TIPUBJIEYECHUEM TIPUHIIKIIA IETAILHOTO paBHOBeCHs [5, 6]
MOIIHOCTh P, mocrynaromasi OT CBapOYHOM AYrd B
KaIlTio, paBHA:

P=Ugl, 3)
rie  Ueg — OKBHBQIGHTHOE  HANMpsHKECHHE  HPH
pacruiaBiaeHud ayroi [4] nMeer pasiudHbIA BHI:

3kgT
Ueq=Ua+(P+Mi 4)

20e

3kgT
Ueqzuk_(P_M’ ®)

20e

JUIsL CBapKM Ha OOpaTHOW ¥ MpSAMON MOJSAPHOCTH,
cootBeTcTBeHHO. 3nmeck U, — aHongHoe maneHHe
HanpspkeHus, Uy — KaToIHOe MaJieHue HaNpsHKeHUs, ¢ —
paboTa BEIXOIa 3JEKTPOHA, o — TEMIIEpaTypa IUIa3MEbl
yrH, Kg = 1.38066-10% JIx/K — nocrostHaas boibimana,
0 = 1.6022-10™° Ku1 — 3apsiz snextpoHa.

IMocnenuuii wien B npaBbix gacTsx Gpopmyi (4) u (5)
OpH  CBapKe Ha OOpaTHOH TOJISIPHOCTH YYHTHIBACT

SHEPTUIO, IIepelaBaeMyl0 aHOJy TpH COYAApeHUHU
SNIEKTPOHA C aHOAOM, a MpH CBapke Ha NPSIMOH
NOJIIPHOCTH  —  DHEPTUI0, KOTOPYHD  HEOOXOAUMO

3aTpaTUTh JId pa3roHa 3JICKTPOHA B KaTOHHOI;’I obnactu
0 CKOpOCTeﬁ JJICKTPOHOB B ILTIa3M€.
HpI/I pacyeTrax OBLIN KCIIONB30BaHEI 00Jee HOPOCTBIC

(GopMyIBI, He COMepKallie TaKoro IlapaMerpa, Kak
TeMIiepaTypa ImiasMbl IyTH
Ueq=Ua+(P+%Uii (6)
Ugyg =U —(p—iU- (M
q k 29 i
rae U; — TMOTeHIMan WOHM3AIMK 3JIEMEHTa B COCTaBe

OPOBONOKK (MM OOMa3K{) C HAUMEHBIIUM ITOTCHIHAIOM

nonusarmu. [ToapobHoO Takoii moxox ommican B pabote [7].
O6b14HO 1py 00paTHOM NoNApHOCTH 7,4 B < Ugg < 9,2

B, npu cBapke Ha npsimoii nomsipHocTd 7,1 B < Uy < 8,6 B.

ITIJTABJIEHUE DJIEKTPOJA BE3 YUETA
NCITAPEHUS METAJUJIA

B 3TOM cirydae TEemnoBIOKEHIE B METaIIT JJIEKTPOAA
OT JIyTH, KOTOPOE XapaKTepHU3yeTcs MOIIHOCTBIO P, naer
Ha HAarpeB MeTajula 3JIeKTPOJa, HMOCTYMAIOIIEro B 30HY
IUTaBJICHHUs, OT TEMIIepaTypbl diekTtpoma Ip O
TEMIIEPATyphl KarK Tyrop, U HA TEMJIO, 3aTPAYMBAEMOE Ha
(a3oBbIe TMepexonpl. IJTOT OadaHC MOIIHOCTEH MOXKET
OBITH 3aITFcaH CIEAYIONINM 00pa3oM:
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Tdrop
P =Ueql =Gerr jcp(T)dT+zx , (8)
TO
rae C,(7) — yhenbHas TEIUIOEMKOCTb CTay, XA — CyMMa
yHGJ'H)HI)IX TCILIOT (1)3.30BI>IX HpeBpaHICHI/Iﬁ JKeJie3a.
U3 popmyist (8) 1erko HaiTH BRIpaXKEHHUE LIS CKO-
pOCTI/I paCHJ’IaBJ’IGHI/IH

Ugqgl

e
GmeIt = Tarop d : (9)

[cp(T)dT +22
TO

U3 dopmyisr (9) cieayer, 4To CKOPOCTH PacIliaB-
TeHnsT Gpelt CHITHHO 3aBHUCHT OT TEMITCPATYPHI KaIUIH pac-
IUTaBIICHHOTO METaJlIa.

25

. 3 K
Gelr 10 e

2
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1 1 1 1
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Puc. 1. O6nacth M3MEHEHHsT CKOPOCTH PACIUIABICHHS Gpeye
JUISL CITy4ast, KOTJia HCTIAPEHUEM C TIOBEPXHOCTHU KATUTA MOKHO
npeHeOpeyb U MOIOTPEB AIICKTPOIA OTCYTCTBYET
(obpaTtHas TIOJSPHOCTE)

Ms1 OyzieM onepupoBaTh CO CpeqHEH TeMIepaTypon
Kamin  Tyrop, SABJSIOMIEHCS BAXKHBIM TEXHOJIOTHYECKUM
rapaMeTpoM, BIMSIONMM Ha DIIyOMHY IPOIUIaBICHUS
cBapHoro mBa. Ciemys METOIMKE NPEUIOKEHHON B pa-
6ore [7] Oymem mosarath, 4TO Ha TPAHHIE KAIUTH C JJIEK-
TPOIOM TeMmIlepaTypa Kariiu Oim3ka K TeMIepaType
IUTaBICHUS MeTallla Tmer, @ HA TPAHUIE KaIUIA C JYrod
TeMIiepaTypa Kamuim Onu3ka K TeMmmeparype KureHus 7p
MeTalIa MIEKTPOoa, P 3TOM, OJIaroapst HTEHCUBHOMY
MIEpEMEIIMBAHNIO B CEPEAMHE KaIUId TEMIIepaTypa BbI-
PaBHMBAETCS, U 3Ty TeMIIEpaTypy MbI OyJeM paccMaTpH-
BaTh KaK CPEJHIOI TeMnepatypy Tgrop, KOTOpass B CBOIO
o4epe/Ib 3aBHCUT OT BEITMYHUHBI CBAPOYHOT'O TOKA.

IMoncrasmsst B hopmyiy (9) 3Hauenus Ugq U3 BEIpasKe-
Hust (6) Wit obpaTHOll HOJSIPHOCTU U 3HAYCHUS Tyrp HA
BEpXHEH M HIDKHEH IpaHMIaX 30HbI OOPAaTHON MOJSIPHOCTH
[7], momyunm kpuBBIe Ha pHc. 1, orpaHrUMBarOIHE 00IaCcTh
BO3MOKHBIX 3HAUCHUH Gpeir IPH CBapKe Ha OOpaTHOH TO-
JISIPHOCTH M OTCYTCTBHH HCIIAPEHNS C TIOBEPXHOCTH KaTuIH.

Bocmons3yemcs Tarxoke pe3yabratamu paborsr [7] mo
OTIPEZICTIEHNIO  3aBUCHMOCTEH CpefHeH TeMmmepaTypbl
Kam Tgrop OT CBAPOYHOTO TOKA.

IMoncrasmsst B hopmyity (9) 3Hauenus Ugq U3 BEIpasKe-
Hyst (7) JUns IpSIMOM HOMSIPHOCTH ¥ 3HAYCHHUS Tgrop HA BEPX-
Hell ¥ HIDKHEH TpaHWLax 30HBI 00paTHOM morspHOCTH [7],
MONTy9MM KpHBBIE Ha PUC. 2, OrpaHMYMBAIONINE OOJIacTbh

BO3MOKHBIX 3HaUeHUH Gpeir IPU CBapKe HA MPSIMOI MOJISIP-
HOCTH M OTCYTCTBHH HCIIAPEHUSI C TIOBEPXHOCTU KaIlIH.

25
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Puc. 2. O6macth M3MEHEHHsT CKOPOCTH PACIUIABICHHS Gpeye
JUTSE CITydast, KOT/[a MCTIAPSHIEM C TTOBEPXHOCTH KATUTA MOXKHO
npeHeOpeyb U OIOrPEB AIEKTPO/Ia OTCYTCTBYET
(TIpsIMast TIOISIPHOCTB)

Kak BumHO U3 puc. 1, 3aBHCHMOCTH CKOPOCTH pac-
IUTABJICHUS OT TOKA HOYTH HICATHHO OIMCHIBAIOTCS JTUHEH-
HBIMH 3aBHCUMOCTSIMHE (2), KOTOpBIC H300paXkKEeHbI TOHKIMHE
MYHKTAPHBIME JIMHUSAMHE. [Ipy 3TOM 3HaueHust Ko3(puim-
CHTOB PACIUTABIICHHUS Giey U181 HEDKHEH (3,22-10° kr/(c-A)) 1
Bepxueii (3,18:10° kr/(c'A)) rpamum ouens Gnuskn. OTmm-
Uyie anmpoOKCHMAMKM HIDKHEH TPAHWIBI B 3HAYCHUH CBO-
6oH0ro wiena Go: 1,24-10"* xr/c u 3,60-10™ kr/c.

Just cBapkd Ha OPsAMOM HOMSPHOCTH (CM. pHC.2)
TONIBKO HIDKHSISE TPaHMIIa XOPOIIO AarmpOKCHMHUPYETCS
JIMHEWHOM 3aBUCUMOCTBIO (2). BepxHsisl TpaHWIA 3HAYH-
TEJBHO OTKJIOHSETCSI OT MPSAMOW JIMHUHU (IPHU MAaJbIX TO-
kax o 20 %).

ITJTABJIEHME SJIEKTPOJA C YYHETOM UCITAPEHUA
METAJUIA C ITOBEPXHOCTHU KAIUIN

Heobxomnmo oTMETHTBH, UTO NpeHeOpexeHHue Mpo-
HeccaMy MCHapeHusi MPUBOJUT K MOJTYYSHHIO 3aBBIIICH-
HBIX 3HAYEHHI CKOPOCTH pactiaBieHUsT G

ITosTomy mpu Ooilee YTOYHEHHOM TIOIXOAE YUTEM
BIIMSIHUE WCTIApEHMs] METAJUla C MOBEPXHOCTH Karuid. Tak
KaK Ha INpPaKTHKE MaccoBas CKOPOCTb pPacIUIaBICHUS Geit
M3MepsIeTCs] MacCod YKOPOYEHHMSI JJIEKTpOia B CIIMHHMILY
BPEMEHH, TO Macca HcrapuBIerocs: Merayuia Ge, B €IMHUILY
BpeMeHH yxe comepkuTca B Gpgr. IlycTs ero momst B pac-
IUIaBIeHHOM MeTaiwie Gper coctaBisier & Torma MOXHO
3armcath Ggy = & Gpelt, @ KOMMIESCTBO METAIIIA, OCTABIIETOCS
B PAaCIUIABICHHOM COCTOSIHUH, OyaeT paBHO Ggr (1 — ).

Baxanc MomHOCTEH B 3TOM cilydae MOXKET OBITh 3a-
MIHCAH CIEAYIOIIM 00pa3oM:

Tdrop
Ueql = (@0~&)Gpert jcp(T)dT+zx ...
K (10
TA
.. +E Greit jcp(T)dT+zx+r.
To

3I[CCL BBIDAXKCHUEC B KBAaAPATHBIX CKOOKax npea-
CTaBJLICT TEIUIOCOACPIKAHUE KaIllCib pPacCIUIaBJICHHOI'O
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MeTajia npy Temneparype Tyrop, @ BHIPAXKCHHE B (GUIyp-
HBIX CKOOKax IIPEACTAaBIsIET HEKOTOPOE YCPEAHEHHOE
TEIUIOCOEePKAHNE TapOB Jkeie3a (I — yaenbHas TEeruoTa
napoo0pa3oBaHus Kelle3a) IPU TEMIICPaType IUIa3Mbl
nyru T (mapsl jKene3a MonafarT B CTONO JyrH U BEpX-
HUH TIpeleN MHTETPHPOBAHMS B MHTErpaie B (DUIypHBIX
CKOOKaxX COIJIACHO IPUHIMIA JETaJbHOTO PaBHOBECHSI
JOIDKEH OBITh paBeH Th).

U3 ypasuenwust (10) maiimem Qopmyny st ompezene-
HUSI CKOPOCTH PACIUIaBICHHST Gmet TIPU yUeTE UCIAPEHUS C
MOBEPXHOCTH KaIUT! ¥ OTCYTCTBHH KOPOTKHX 3aMBIKAHHI

Ueal K

G =
melt
Tdrop

(-g)| [cpm)dT+2n|+...

| [CpT)dT+3n+r

Benmuuna & coriacHo uccnenoBanusiM [8] coctas-
nsiet okoso 9..10% u He 3aBHCUT OT BETMYMHBI CBAPOYHO-
ro Toka. BooOme BenmmunHa G, MO CBOEH CyTH JOIDKHA
ObITh 0OpaTHO IPOTOPIMOHATBHA CKPBITOW TEIUIoTe Ia-
pooOpa3oBaHust M TPSIMO HPONOPHHOHANBHA YAETbHON
SHEPIUH, UAYyLIeH Ha paciuiaBieHre Metayuia [9] , moato-
My & OJIM3KO K BEJIMUMHE

Tdrop
[cp(m)dT+22
£= Gey __To
Grelt '
[Cp(T)dT+3a+r
TO

Hampumep, mpu 7, =1808 K, 7y =293 K u 7 = 6266 K,
nomst & ompenenennas o ¢opmyne (12), Gymer paBHa
& = 10%. Ora ¢opmyra mpole M CyLIECTBEHHO OTINYAeTCs
OT MOIOOHOM (HOPMyYIIBI, IPEMTOKEHHOU B padore [9].

B cimydae orcyTcTBHSI TOZOTpeBa IEKTPOA, TOCTaB-
w1 B hopmyny (11) 7o =293 K, & = 10 % u 3naueHmst Ueq 13
BEIpakeHuH (6) Wt 06paTHOH HOMAPHOCTH U 3HAYCHUS Tyrop
Ha BEpXHEH M HIDKHEH IpaHuIax 30HbI 0OpaTHOH MOJSPHO-
cr [7], momyurm KprBbIe Ha puc. 3, OrpaHAYMBAIOIIHE 00-
JIACTh BO3MOXKHBIX 3HAUCHUH Gmgir TIPH CBapKe Ha 0OpaTHOM
TIOJISIPHOCTH TIPY ydeTe MCHapeHHs ¢ MTOBEPXHOCTH KaILIH.
AHaIOTMYHO, MOTYyYNM KpHUBBIE Ha pHC. 4, OrpaHUYNBAIO-
mye 00J1acTh BOSMOXKHBIX 3HaYeHHH Gper TPU CBapke Ha
TIPSIMOI TIOJSIPHOCTH TIPH y4Y€Te MCMApeHus C TIOBEPXHOCTH
KAy IpH OTCYTCTBHH MOIOTPEBA AIEKTPO/IA.

CpaBHeHHE KpUBBIX Ha puc. 3 U 4, MOIY4YEHHBIX C
YYETOM HCIApeHHUs] MeTallla, ¢ KpUBBIMU Ha puc. 1 n 2,
TIOJTYYEHHBIX TIPH OTCYTCTBHHU WCTIAPEHHS MeTaia, IToKa-
3BIBAET, YTO CKOPOCTh pacmiaBieHHst Gper NMpH ydere
WCTIapeHHs C TOBEPXHOCTHU Karuii ymenpimaercsa B 1,4..1,8
pasa. [ToaToMy MOXXHO CZ€NaTh BHIBOA, YTO yUET BIUSHUS
UCTIapeHUs 00sI3aTelNeH.

XoTs BenMuMHA & HEBENMKa, BTOPOE cllaraeMoe B 3Ha-
Menaresne BoipaxkeHmst (11) cpaBHMMO IO BEIMYHHE C Tiep-
BBIM CJIaracMbIM ¥3-3a OOJBIION BETIMYHHBI TEINIOCONepKa-
HUSI TIApOB JKeNe3a, 4To, COOCTBEHHO, U 00YCIIOBIMBAET Cy-
IIECTBEHHOE CHIKCHHUE CKOPOCTH paciUiaBieHUs Gper TPH
y4ere UclapeHus MeTajljla ¢ IOBEPXHOCTH KarulH.

(12)
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Puc. 3. O61acTh M3MEHEHUS CKOPOCTH PACTLIABICHHS Gpeyt
[PH yYeTe UCTIAPEHUS C TOBEPXHOCTH KAIIA U OTCYTCTBUH
mozorpesa ekrpoza (00paTHas HOIPHOCTH)
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Puc. 4. O61acTh M3MEHEHUST CKOPOCTH PACILIABICHHS Gpeyt
[IPU y4eTe UCIAPEHHs C TIOBEPXHOCTH KAIUTH M OTCYTCTBHU
ToZorpeBa d1eKTpoza (psiMast OJPHOCTH)

HecmoTpst Ha pa3iuumst CKOPOCTEeH PaCIUIaBICHHS C
YYETOM HChapeHust u 6e3 TAaKOBOTO, XapaKTep KPHBBIX
HOYTH HE M3MEHSIETCS: OHU JOCTATOYHO XOPOIIO apOK-
CHMHUPYIOTCSI JTMHEHHOM (yHKuueit (2).

ITJTABJIEHUE DJIEKTPOLA C YUHETOM EI'O
[MOJOT'PEBA

OtMmeTnM, YTO TemIlepaTypa 3JIeKTposa, Onm3kas K
Ty =293 K, HabmromaeTcst py IOIBOHOM CBapKe, a TAKKe B
HavaJie CBapKH ITYYHBIM HJIEKTPOIOM NPH PYYIHOH JTyroBOH
cBapke. B KOHIIe CBapKy IITYYHBIM 3JIEKTPOIOM Ha BO3IYXE,
TalKe MPH MEXaHW3MPOBAHHOM CBApKE, OCOOEHHO C JUTHH-
HBIM BBUIETOM, 3JIEKTPOA MOKeT moporpesatbest Ha 400°C
(To =693 K). Ipu stom ypasuenue (12) maer & = 8,5% w,
nepecunthiBas Gopmyiny (11) mpu 3THX HOBBIX 3HAYEHHSX
Ty u &, momyanM 3aBUCUMOCTH JUTST Gl OT TOKA.

I'padmkn 3aBUCHMOCTEl MpPHUBOIUTH He OyneM, HO
OTMeTHM crefytomee. HecMoTpst To, 4TO CKOpoCTH pac-
IUIABJIEHUS C YYETOM TPEABAPUTENBHOTO II0I0TpEeBa
Oomnbine, yeM 0e3 ToorpeBa, XapakTep KPUBBIX HE M3Me-
HSETCS. OHM JOCTaTOYHO XOPOIIO ANNPOKCHMHUPYIOTCS
TMHEHHOM QyHKImeH (2).
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BbIBO/IbI

1. Vicnonp30BaHuE MPOMOPITMOHATEHOTO 3aKOHA IS
anrpoKCUMAalUK 3aBUCUMOCTEH CKOPOCTH pacIulaBlIEHUE
MeTajula 3JEeKTpoJia pU AYroBOW CBapKe HEpalMOHAIb-
HO, T.K. KOO(Q(HUIMEHT MPOMOPIIMOHAIEHOCTH (TaK Ha3bl-
BaeMbIi KOA(DQHIIMEHT pacIIaBiIeHHs 3JIEKTPOa) CIIOK-
HBIM 00pa3oM 3aBHCHUT OT TOKa CBAPKU M JPYIHX I1apa-
METPOB CBapOYHOI0 IMpoLecca.

2. Vcnionp3oBaHUE JIMHEHHOTO 3aKOHA UIS ATIPOK-
CUMalui 3aBUCUMOCTEH CKOPOCTU PACIUIABICHHE METall-
Jla 3JIEKTpoJa NpU YTOBOM CBapKe ONpPaBIAHO TEM, YTO
OH JIa€T BBICOKYIO TOYHOCTh BO BCEM JHMAala3oHE CBApOY-
HBIX TOKOB W JI PA3JIUYHBIX CIy4aeB MPOTEKAHMS CBa-
POYHOTrO TIporiecca: 0e3 MCImapeHus MeTaIa IEKTPosia, C
HCIapEHUEM, a TAKXKE C MpPeIBapUTEIbHBIM MOJOTPEBOM
3NEKTPOa.

3. Bricokass TOYHOCTP JTMHEHHOM aIpOKCHMAIHN
3aBUCUMOCTEN CKOPOCTH pacIUIaBJIEHHUsI MeTaija dJeK-
TpoJa JaeT BO3MOXKHOCTh PELIaTh 3aJaud SHEPro- U pe-
cypcocOepexeHus TS IpoIiecca IyroBOi CBAPKH.

TIOJIIEPY)KKA HAYYHBIX UCCJIEJOBAHUI
Hayunble uccnenoBaHus, pe3ylbTaThl KOTOPHIX W3-
JIO)KEHBI BBIIE, TIPOBEJCHBI IIPH (PUHAHCOBOM IMOIIEPIKKE
"IlepxkaBHOTO (POoHAY (HYHIAMEHTAIPHUX JOCITIIKEHBb
VYkpaiau" B paMKax COBMECTHOTO YKPaWHCKO-POCCHHCKOTO
npoekta JJODJI-PODU-2011 (rpant ©40.7/047).
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Sydorets V.M., Zhernosiekov A.M., Pentegov 1.V., Petriienko O.I.
Features of electrode melting in arc welding of steels.
Dependences of electrode metal melting rate upon welding cur-
rent under arc welding have been investigated. Cases of the
welding process with and without the electrode metal evapora-
tion and with the electrode preliminary heating have been con-
sidered. It is determined that application of linear approximation
of the electrode metal melting rate versus welding current is
more efficient, as compared with proportional approximation,
since it is more accurate within the entire range of welding cur-
rents.

Key words — arc welding, welding current, electrode metal
melting, approximation.
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B.J. YaGan, O.B. Yaban

PIBHAAHHA HECUMETPII BY3JIA )KUBJIEHHS EJJEKTPOMOTOPIB
IIPH ®A3ZHOMY KOPOTKOMY 3AMUKAHHI

3anpononosano Gopmyny oouucieHHA HARPY2U 8Y3/14 HCUBIEHHA eNeKMPUYHUX MOMOPI6 6i0 CHibHO20 MpaHchopmamopa é
Paszi Kopomkozo 3aMuKkauna Qazu 001020 3 momopis. opmyna npusnavena Oa 6UKOPUCIAHHA HA KOHCHOMY 4aACO80MY KPOUi

inmezpyeanns pieHANbL CMANY eeKMPOMEXaHiUnol cucmemu.

Ilpeonosiceno gopmyny evluucienus HAnPANCERUA y31a RUMAHUA IIEKMPUUECKUX dguzameneil om oowezo mpancgopmamopa
6 cllyuae KOPOMKO20 3aMbIKAHUA (azbl 00H020 u3 dsuzameneii. @opmyna npedonasnaiena 0nsa UCHONLIOGANUA HA KAHCOOM 8pe-
MEHHOM Wiaze UHMEeZPUPOBAHUA YPAGHEHUTI COCINOAHUA ITIEKINPOMEXAHUUECKOI CUCHIEMBL.

BCTVII

[lepeBarkHa KiJbKICTh HAYKOBHX IIpamb 3 aHAJI3y
eJICKTPOMEXaHIYHUX CHCTEM, INPHUCBSUCHA aHalli3y iXHIX
cumeTpuuHEX craHiB. Y [1] Hamu 3M0/1eIb0BaHO BUIA 0K
o0puBy (a3 OFHOTO 3 3aAiSTHUX TNPUCTPOIB. Y IaHid
Ipari HaBIAKH TPOIOHYETHCS BHUMAJIOK ii KOPOTKOTO 3a-
MUKaHHS. [|JIs IpUKIIamy po3IiIsIaeThCs B30I KUBICHHS
ACHHXPOHHMUX MOTOPIB BiJl CIIJIBHOIO TpaHchOopMaTopa.
Hecumerprunmii cTaH 3yMOBJIEHUH K. 3. OOMOTKH CTaTo-
pa OHOTrO0 3 3aKHUBJIEHIX MOTOPIB. SIKIIO Take 3aMUKaHHS
BiIOyBA€THCSI OAHOYACHO B JEKUIBKOX MalIWHAX, TO IIe
aX HISIK HE BHOCHTH JOAATKOBUX TEOPETUYHHUX TPYIHO-
miiB. s cripormmieHHs i JOXiJTUBOCTH BHKIAAy Ha puc. 1
MIOKa3aHO CXEMY CHUCTEMH 3 JJBOMA MOTOPaMH, yIIKODKe-
HOT'O ¥ HOpMaJIbHO (PYHKIIIOHYIOYOTO.

AJe crioyaTky pO3TOSHEMO TEOpil0 HEYIIKOHKEHOI
CHCTeMH, SKy 3aTHM y3araJbHHUMO Ha BHUMAIOK (ha3HOTO
KOPOTKOT'O 3aMHKaHHS.

PIBHAHHA CUMETPUYHOI'O CTAHY
PiBHsHHS OyzAp-sIKOi €JIEKTPOMArHeTHOI CHCTEMH
CKJIaTAIOThCS 3 PIBHSAHB 11 €TIEMEHTIB, IO Bi,HO6pa>KaIOTL
iXHIO BHYTPIIIHIO npHpOLLY, i CTPYKTYPHHX plBHSIHL 110
BiZT0OpaXkaroTh crioci0 3’€JHaHHA €NIEMEHTIB MK CO0O0IO.
A-Mozesib Tpancgopmartopa. PiBHsHHS Tpancdopma-
TOpa i€l MOJEII IpecTaBiIeHi B HopMasbHii opmi Ko

di : i

= Pl = i) + Aoy (Up — raip);

‘ @)
dt2 Ao1(Uy — 1) + Ay (Uz —1alp),

Je U, Uy — KOJIOHKHM Harpyr IEepBHHHOI 1 BTOPUHHOI 00-
MOTOK; i1, Ip— KOOHKH CTpyMiB; A1, Az, Az1, Az — MaTpu-
i Koeili€eHTiB, aJrOpUTM OOYHCIICHHS SIKMX MOXKEMO
3HAUTH B JDKEpeNax 3 MaTEeMaTHYHOTO MOJICIOBaHHs [2].
A-MofieJIb AaCHHXPOHHOr0 MoOTOpa. PiBHsAHHA acu-
HXPOHHOI'O MOTOpA i€l MOJENI TEeX 3alHCYIOThCsl B HOP-
ManbHii popmi Komri. Ckopucraemocsi KOCOrOHaIEHOIO
CHCTEMOIO KOOp/MHAT, NpH SIKid CTpyMH W Hampyru oo-
MOTKH CTaToOpa TOTOXKHI BIACHUM (Da3HIM BeTHMYHHAM

%= As (Us —TIsis) + Asr (Qr'YR — IRIR); o
ddL:{= Ags (Us — Isis) + AR (Qr YR — IRIR),

ne Us, Uz — KOJIOHKU HATIPYT CTaTOPHOI 1 pOTOPHOI 00MO-
TOK; Is — KOJIOHKA CTaTOpHUX cTpyMiB; g — KoIlOHKa TI0-
BHUX POTOPHUX MOTOKO3YCIDICHB; (g — MATPHUIII KYTOBOL
mBUIKOCTI; As, Asg, Ars, AR — MaTpuIli koedimieHTiB. AJl-
TOPUTM OOYHMCIICHHS TEPEUYHCICHUX MATPHUIh i KOJIOHOK

TEX MOXKEMO 3HAUTU B JUKEpeNax 3 MaTeMaTHIHOTO MO-
nemtoBaHHst [2]. PiBHSHHS €EKTPOMATrHETHOrO CTAHY CJIi [
JIOTIOBHUTH PIBHAHHSIM MEXaHIYHOTO PyXY

do
i = f(ig,ig,0,t) . (3)
Mmu He KOHKPETH3YEMO JI0 aJlTOPUTMIYHOTO PiBHS piB-
asitb (1)-(3), TUIBKK TOMY, IO TYT e HE € IPUHIIUIOBO.
CTpyKTypHI pIBHSHHS €JIEKTPUYHOrO KOJa BY3Ja
KMBJICHHS 3aIlCYEMO 3a IEpIIUM 1 APYTHM 3aKOHAMH
Kipxroda

n
Zi3i+i2 =0, Ugi =U2,i=1,2,...,n, (4)
i=1

Jie N — YHCIIO 3a)KHUBJICHUX Y BY3J1i MOTOPOIB.

Bupasu (1)-(4) yrBOprorOTh MOBHY CHCTEMY aire6o-
JuepeHnialbHIX PIBHSHD EJIEKTPOMEXAHIYHOIO CTaHy
JOCIIKYBaHOI €IEKTPOMEXaHIYHOI CHCTEMH.

OCKIJIBKY B TaKHX CHCTEMax He IependavyaeThbest Ha-
SIBHICTD HYJIbOBHX ITIPOBITHHUKIB MK HyJTbOBUMH TOYKAMHU
Tpruda3zHux 0oOMOTOK TpaHcopmaropa W MOTOpiB, TO B
(1), (2), (4), Buxoas4u 3 3aKOHY CTPYMIB Kipxroda, omy-
ctiMo 1 ctpymy, 1 Hanpyrn ¢asu C 3amisiHUX OKpeMHX
€JICMEHTIB.

OcHoBHa ITpodJieMa MOAANBIIOTO aHATI3Y MOJIATAE y
BU3HAYCHHI KOJIOHKH HEBiJJOMUX HAIPYT BY3JIa KUBJICHHS
Uy = (Upy, Upp) — HAIIPYT BTOPUHHOI OOMOTKH TpaHC(bOp-
MaTopa. 3Harouu U; Ha JaHOMY 4acoBOMY Kpori 1HTerpy-
BanHs, cucrema 2(N+1) marpuunux pisases (1), (2) i n
3Buyaiiaux (3) po3magarThCs HA OKPEeMi HE3aJIeXkHi piB-
HSHHS, IHTETpyBaHHS SIKAX HE CIPHYUHSIE OyIb-sKHX
TPYAHOIIB.

IMpomitepeHtiiroemMo piBHSIHHS CTpyMiB (4) 3a dacom

n - -
digj di
=St =2 -0, (5)
o dt o dt
Migcrasisitoun B (5) piBHSHHSA BTOPUHHOT OOMOTKH
tpancdopmaropa (1) i piBHAHHs cTaTOPHEX OOMOTOK MO-
TopiB (2), 3 ypaxyBaHHsM Apyroro Bupasy (4) omepxyemMo
MOTPiOHMH BUpa3 AJIsl HAIIPYT By3J1a
u, =AY, (6)
ze
n -1
A= Az + Z ASi )
i=1
Y =—Ag (U —hiy) + ()

n
+ Ag1hip + D (+Asirsi — Asri (Qri i — Trilri))-
i1
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PIBHAHHA HECUMETPUYHOI'O CTAHY
Po3rnsHEeMO MOMIKOKEHY CHCTEMY KOPOTKHM 3a-
MUuKaHHSIM ¢a3u C B OJHOMY 3 MOTOpIB, TSI BU3HAYCHOC-
Ti B IIepIIOMY, SIK IIe TTOKa3aHo Ha puc. 1. 3ayBaxumo, o
BuOIp azu C € HSIPUHIUTIOBUM.

U4 =
Lia Isqi
<

A -

>
I,Smm_l
p— Y Y\
Isci fW\J
A -

»

[ i541

Y Y\

"
isp )

Puc. 1. Cxema eneKTpoMaIInHHOI CHCTEMU

3ammmemo audepeHIiabHl PIBHIHHSI BCIX TPHOX
(a3 cratopa ymkommKeHoro (Mepuioro) MOTopa y BHIIISIL

dWsa1 . dW¥sp .
=Uza —Tsilsan =Uzp —Is1lsB1s
dt dt ®)
—dquCl = Uy — gyl
qr J2c ~fsilscr

ne Wsi = (k = A, B, C) — moBHi moToko3uerieHns ¢as
cTaropa mepuioro MoTopa
Psia = Vit + Laalskas (k=AB,C), (9)
npuaoMy P — ocHOBHI moToko3uerieHss; L, — iHgyKTH-
BHICTh TUCHIIAIN1 OOMOTKH CTaTopa.
Koporke 3amukannst ¢azu C mepmioro Moropa 3y-
MOBJIIOE T€, IO
Uog =Usc (10)
Ie Uy — Hampyra 3MilieHHs HelTpaneld 0OMOTOK TpaHc-
(bopmatopa it epiioro Mmoropa (auB. puc. 1).
SIxmo tenep mincrasuru (9) y (8) i mpocymyBaru yci
TpH piBHAHHS (8) 32 TOTOKHOCTI, 110
va+vg+yc =0, (11)
OJIEPKUMO
Ugg = (Uga +Ugg)/2. (12)
3rigao 3 rpadiunoro mobymoBoro (puc. 1) maemo
OYEBHIHI 3aIEKHOCTI
Usar = Uz —Ugo; Usgy =Ugg —Uzo; Usc1 =0. (13)
Ha mincrasi (12), (13) dpopmyemo MaTpudse piBHIHHS

usy =Cquy, (14)
P (&
111 |-1
Ci== . 15
=511 (15)

Mincrasmsiroun (15) y (6), omepxyemo mrykaHy Ko-
peKiio repioro Bupasy (7) Ha BHIIAJOK KOPOTKOTO 3a-
MukaHHS Qazu C meproro Moropa

n -1
A= Az +Z ASi + ASlCl
i=2
Perurra Bupasis y (6), (7) 3anumarorsest 6e3 3MiHM.
V BUMAIKy HAsABHOCTI Cepell 3aKHMBJICHHMX MOTOpIB

(16)

CHHXPOHHHMX METOJ aHaji3y 3aJIMIIAETHCS HE3MIHHUM. Y
TAKOMY pa3i 3a3HAIOTH BiJIIOBIHOI KOpEKIii JuIe piB-
usans (2), a sinrak (7), (16).

SIKmo ctpymu i Hampyry 3aIisiHUX MOTOpPIiB OyayTh
MIPE/ICTaBIeHI B 001acTi KOOPAWHATHHX IEPETBOPEHB,
HANPHUKIIA, ¥ OCsX X, Y un d, ( , TO CTPYKTYPHI PiBHSHHSI
(4) memro yekmamHATHCS

n
> ity +ip =0; Miugi =uy, i=12,...,n, (17)
i=1

e I1 ;1— o0epHeHI MaTpuIli KOOPIMHATHHX IIEPETBOPEHD

0 (pa3HUX BEIMYMH SK CILTHHOTO KOOMUPATHOTO 0Oaswca.
Aste ocKkibKM 3amuc IudepeHmiabHIX PiBHAHD €IeKTPO-
MOTOpIB 5K €JIEMEHTIB CHCTEMH B TIGPETBOPECHUX KOOP,IITHA-
TaX OOMOTOK CTaTropa HENOIUIGHWH, TO MU BiIIOBITHIX
npuMiTEBHEX Kopekii popmyi (7), (16) ae pobutmmemo.

BHCHOBOK

3anporoHOBaHNI METO OOYHCIIEHHS HAmpyr BY3ja
KUBJICHHS E€JICKTPOMOTOPIB, 3@KWBJICHHX Bil CIIJIBHOTO
TpanchopMaropa B pa3i KOPOTKOTO 3aMUKaHHS OftHi€l 3 a3
cTaTropa TOro YM IHIIOTO €IeKTPOMOTOpa, A€ MOXKIMBICTH
Ha KO)KHOMY YacOBOMY KpOLll iHTErpyBaHHS PiBHSHb CTaHy
€JIEKTPOMEXaHIYHOI CHCTEMH 3BECTH /IO IHTETpYyBaHHS 3a-
3[aJIeTib NPECTaBICHNX Y HOpMatbHIKA ¢opmi Ko pis-
HSHb CTaHy OKPEMHX 3aIiTHIX IPHUCTPOIB.
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Tchaban V.Y., Tchaban O.V.

Equations of electric motor power supply unit dissymmetry
under phase short-circuit fault.

In the paper, a formula is introduced for calculating electric
motor supply unit voltage under feeding by a common trans-
former in the condition of a phase short-circuit in one of the
motors. The formula is used in every time step of electrome-
chanical state equations integration.

Key words — power supply unit, transformer, electric motor
phase short-circuit.
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Cusiosa esleKmpoHika

YJIK 621.314

I''T". XKemepos, JI.B. Tyraii, I.I'. Turapenxo

MOAEJIMPOBAHMUE 2JIEKTPOIIPUBOJA IEPEMEHHOI'O TOKA
C KACKAJIJHBIM MHOTI'OYPOBHEBBIM UHBEPTOPOM HAIIPAKEHUSA

3anpononosana memoouka nooy008u KOMN’1OMeEPHOI MoOeni eNeKmponpueooa 3MiHHO20 CIPyMy 3 KACKAOHUM DazamopieHesum
ineepmopom nanpyzu. Ha ocnogi pospoonenoi memoouxu cmeopena Matlab-wodens uacmomno-pezynvosanozo enexmponpueo-
0a, w0 30amua npayeeamu y Keazicmauux i nepexioHux pexcumax.

IIpeonoscena memoouka ROCMPOEHUs KOMIBIOMEPHOU MOOETU INEKMPORPUBOOA NEPEMEHHO20 MOKA C KACKAOHBIM MHOZ0YPO6-
neevm uneepmopom nanpsicenusn. Ha ocnose paspaéomannoit memoouxu cozoana Matlab-modens uacmomno-pezynupyemozo
INEKMPOnPUBoda, CnoCoGNan pasomams é KA3UyCMAHOGUGUIUXCA C HEPEXOOHBIX PENHCUMAX.

BBEJIEHUE

Bce gamie B MOIIHBIX PEryJIMpPYEMBIX JICKTPOIPH-
BOJIaX MEPEMEHHOT0 TOKa MPUMEHSIOTCSl peodpas3oBaTe-
JM YacTOThl HAa OCHOBE MHOTOYPOBHEBBIX HHBEPTOPOB
(MYUITY). Dt mpeoGpa3zoBaTeld XOPOIIO 3apeKOMEH-
JIoBaJIN ce0sl B yCTAaHOBKAx OOBIYM HETH U ras3a, B CH-
cTeMax 3JIEKTPOCHAOKEHHUS M paclpeneNeHus 3JIeKTpo-
SHEPrud, HAa BOXHOM M JKEJIE3HOJOPOXXHOM TpPAHCIIOPTE,
Ha KOMMYHAJBHBIX HPEINPUATUSAX M JIPYIHX OOBEKTaXx,
TZIe 9KCIUTyaTHPYETCsl MOIIHBIE 3JIEKTPOIPUBOIBI CPETHE-
ro Hanpspkenus [1, 2].

MHoro4ncieHHble TTyOJIMKAUH HECKOJIBKUX I10-
CJIETHUX JIET, TIOCBAIIEHHbIE MHOTOYPOBHEBBIM HMHBEPTO-
pam (MU), mOaYEepKHBAIOT HEMPEKPAIIAIONMIUICS HHTEPEC
CHELHUATIMCTOB CHIIOBOH IEKTPOHHUKH K 3TOMY THILY TIpe-
obpazosareneii [1-9]. Ha ceromusiHuii JeHb TOOIOTHS
MHOTOYPOBHEBBIX IIpeoOpa3oBaTeneldl BKIIOYAET B ceOA
TPU OCHOBHBIX CXEMHBIX ITO/IXO/Ia. MHOTOYpPOBHEBBIE MH-
BepTOpHI ¢ (ukcanueil HelTpamu (MK ¢ eMKOCTHBIM [ie-
JUTENeM HANPSDKEHWS — TOMOJOTHS TpeoOpa3oBaHMs
NPC), MHOrOypOBHEBBIE HHBEPTOPHI C IUIABAIOIINM KOH-
nercaropoM (FC) u kackajHbIe MHOTOYPOBHEBBIC HHBEP-
topsl (CHB) [6]. B cooTBeTCTBHH CO CXEMOTEX HUYCCKH-
MU OTJIMYUSIMHA KXKIBIH W3 TEPEYNCICHHBIX TUIIOB IIpe-
oOpazoBaTeniel HalIea CBOIO IKCIUTYyaTAOHHYIO U KOM-
MEpPYECKYI0 HHUIIy Ha pBIHKE IPeoOpa30BaTEIbHBIX
YCTPOWCTB JUIsl SJIEKTPOTIPUBO/IA.

OTHOCHUTEIBHON NMPOCTOTONW BEHTHIIBHOW CXEMbI 00-
Jafal0T  MHOTOYPOBHEBBIE  KAcKaJHBIE  HWHBEPTOPHI
HampspkeHus. briaronapsi OJHOTUITHOM MHOTOSYEUCTOM
CTPYKTYpE, MO3BOJISIONICH TOOUBATHCS BHICOKHX YPOBHEH
BBIXOZHOT'O HANpsDKEHUs], KacKagHble WHBEPTOPHI ITOITY-
YIIIM PACTIPOCTPAHEHNE B CUCTEMAaX JIEKTPOCHAOKEHHS 1
PETyIINPYEMOM 3IIEKTPONPHUBOAE TEPEMEHHOTO TOKAa HO-
MHUHAJIbHON MOIIHOCTBIO 10 30 MW mpu HanpsuKkeHun 10
13.8 kV [9]. BropsIM TpeUMyIIIECTBOM MOIYIBHOTO IT0-
CTPOCHUS CHJIOBOHM CXEMBI SIBIISIETCS YIOOCTBO OOCITYXKH-
BaHUS W OBICTPBI PEMOHT TpeoOpa3oBaTels, ITyTeM 3a-
MEHBI BBILIEIIEN U3 CTPOS NHBEPTOPHOU STUEHKH.

Ilepen MPOMBINUICHHBIM H3TOTOBIEHHEM ONBITHOIO
0o0pas1ma MOoNXYIPOBOIHUKOBOTO TPeoOpa3oBaTessl OIXHUM
13 TPOMEKYTOYHBIX 3TAIOB SBISETCS 3TAI ITOCTPOCHUS
KOMITBPIOTEPHOI Mozenu Bcel mpeoOpa3oBaTeNbHON CH-
crembl. [lo00GHBIE MOMIENN TTO3BOJISIIOT TPOBECTH KOJH-
YECTBEHHYIO W KaYECTBEHHYIO OIEHKY paboTHI mpeobpa-
30BaTENbHOM CHCTEMBI, a B PSAIE CIydaeB, COMOCTaBUTh
pe3yNbTaThl MOJCTMPOBAHNS C JAHHBIMH, MOTYdE€HHBIMU
Ha CYIIECTBYIOMHUX oOpa3lax albTepHATHBHBIX Ipeodpa-

30BaTENbHBIX CHCTEM. YPOBCHb PA3BUTHS CPEIACTB KOM-
MBIOTEPHOTO MOJEIMPOBAHMS ITO3BOJIIET CO37aBaTh MO-
JIpOOHBIE BUPTYaJIbHBIC MOJEIH, HUMHTHPYIOIINAE C BBICO-
KOW CTENEeHBI0 TOYHOCTH IIPOMBIIUICHHBIE (U3HYECKHE
00pa3mpl  mpeodpa3oBaTENbHBIX CHCTEM, W CIIOCOOHBIC
paboTaTh Kak B CTaTHYECKHX, TaK M AWHAMHYIECKHX pe-
JKMMax B 3aIaHHOM MacIiTa0e peagbHOr0 BPEMEHH.

B nawHO# cTaThe ommcaHa pa3pa0OTaHHAsT KOMIIBIO-
Tepuas Matlab-mozens snekTponpuBOga TIEPEMEHHOTO
TOKA C KacKaJHbIM MHOTOYpPOBHEBBIM HHBEPTOPOM
HaNpPSDKEHUS U BBIIIOJHEH aHAM3 JaHHBIX, MOIYYEHHBIX C
MIOMOIIBIO0 MOAEINPOBAHUS.

CXEMA CUJIOBOM LIEITN Y TIAPAMETPBI
DJIEMEHTOB MYUITY

B cuioByoo cxemy KacKagHOrO MHOTOYPOBHEBOI'O
HHBEPTOPA MOXET BXOAUTH OT TPEX IO AECATH HHBEPTOP-
HBIX SYEEK, MOCICIOBATEIBHO BKIIOYCHHBIX B KaKIYIO
¢azy [9]. B kauecTBe mccaemnyemoit, Ha puc. 1 uzobpaxe-
Ha CTPYKTYpHAs CHJIOBas CXeMa JJIEKTPOIPHUBOAA HA OC-
HoBe 13-ypoBHeBoro MYUITY 1 acHHXpOHHOTO JBUraTe-
JIsI HA HOMHHAJIBHYIO MOIIHOCTH 8 MW.
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Puc. 1. CrpykTypHas cuiioBasi cxema 3JIeKTpOIPHBOAA
Ha ocHose MY UITY

©T.T'. Xemepos, /I.B. Tyraii, 1.I'. Tutaperko
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[IpeobpazoBarens coctouT u3 18 CHMMETPUYHBIX
WHBEPTOPHBIX sYEEK, 110 6 IOocie0BaTeIbHO COSANHEH-
HBIX STY€eK HA KKAYIO0 (pa3y Harpy3KkH, 00ecreunBalomumx
Ha 32)XHMMax JBHUTraTels JeHCTBYIOIee 3HAYCHUE JIMHEH-
Horo HampspkeHust 10 KV. MakcumainbHOe KOJIHYECTBO
YPOBHEH BBIXOIHOTO HANPSDKEHUS ONpenesnsiercs 1o co-
OTHOIIICHHIO

Loh =2-k+1, Q)

rae kK — konmdecTBo stueek B (ase.

Cxema CHIIOBBIX IICTICH WHBEPTOPHOM SYEHKH, CO-
CTosIIass W3 BXOJHOTO Tpex(a3HOro HEYyIpaBIIEeMOro
BeImpsMutenst Ha nquonax D1-D6, kormercatopa C U BHI-
XOIHOTO 0fHO(A3HOT0 MOCTOBOTO MHBEPTOpPA HA TPaH3U-
cTopHBIX Moxynsix T1-T4, mpencraBieHa Ha puc. 2.

pi/\ pi/N DS\ o o
AG— | ]
o5 C {+ ]
B® == .
Ce T 1 ] ]
pif\ DSAN p2/\ 2 T4

Puc. 2. Cxema CHIIOBBIX IeNIeld HHBEPTOPHOI sYCHKH

WHuBepTopHbIe SMEHKH 3anTHIBAIOTCS PAa3eNIbHO OT
COOTBETCTBYIOIINX TpeX(a3HbIX BEHTHJIBHBIX OOMOTOK
dbasocnsuraroniero tpanchopmaropa T (cm. puc. 1), co-
eIMHEHHBIX 110 cXeMe ''3ur3ar’, 4yro o0OecreunBaeT HEOO-
XOIUMBIA (a30BBIH CABHT JJISI KQKAOTO YPOBHS BBIXOJI-
HOTO HaNpPSDKEHHUS.

Hawnbosnee ci10XHBIM KOHCTPYKTHUBHBIM 3JIEMEHTOM
cuoBoit cxembl MYUIIT sBrsteTcss  (ha3ocaBUTAIOIIHI
Tpancdopmarop T, KonmmaecTBO Tpex(azHBIX BEHTHIBHBIX
OOMOTOK KOTOpPOT'O COOTBETCTBYET KOJHMYECTBY HHBEp-
TOpHBIX stdeek. IlepBuunass oOMOTKa TpaHchopMaTopa
coenuHeHa No cxeme "3Be3na’. Cxema CoelnHEHUs BEH-
THIIBHBIX OOMOTOK OyJIeT 3aBHUCETh OT KOINYECTBa HHBEP-
TOPHBIX sdeek B (pa3ze Harpysku. Ha puc. 3,a mokazaHa
cxema Tpex(}a3HOro MHOr00OOMOTOYHOI'O TpaHC(hOpPMATO-
pa Ipu HEYETHOM UHCIIe STYeeK B KaXIOW (a3e MHBEPTO-
pa, a Ha puc. 3,06 — IIpU YETHOM KoJn4decTBe stueek. [Ipn
Y4eTHOM KONu4ecTBe staeek (puc. 3,0), Kak B paccMartpu-
BaeMoM ciydae (cM. puc. 1), moIOBUHA BEHTHJIBHBIX 00-
MOTOK TpaHC(OpMaTopa COSIAMHACTCS 10 cxeMe ''3ur3ar’,
a BTOpas TOJIOBHMHA M0 cxeMme "'o0paTHsIi 3ur3ar”. Cxema
TpaHcdopmaropa mo puc. 3,a OTIMYAETCS OT BBIIIEPAC-
CMOTPEHHOW HAJIMYMEM TIEPEXOAHONW BEHTHIHHOW OOMOT-
K{, COCAMHEHHOW B TPEYrOJNBHHK, €€ YCIIOBHO MOXHO
CYNTATh 'TIEHTPOM CHMMETPHH TPYMIBI BEHTHIBHBIX
obmorok. OOMOTKa, BKIIIOUEHHAs! B TPEYrOJNBHHK, oOec-
MIeYNBAET HYJIEBOW Yroil CIBHIA, OCTAaJIbHBIE OOMOTKH
BKITFOYAIOTCSI aHAJIOTMYHO CXEMe I10 puc. 3,0.

BenuuuHy AeicTByIOIIEro 3HA4Y€HUS JMHEHHOIO
HaNpsDKEHUS] BEHTUIIBHON OOMOTKH MOXHO OIPENEIUTh B
COOTBETCTBHH C pHC. 4, HA KOTOPOM II0OKa3aHO BKITIOUCHHE
sMeeK MHBEPTOpa, ISl CO3/IaHMs HEOOXOIMMOro Hampsi-
JKEHHS Ha IUHAX Harpy3ku. 13 puc. 4 BuaHO, 4TO (ha3HOE
HaNpsDKeHNE Ha Harpyske (GpopMHUpyeTcs CyMMOM Harpsi-
JKEHUI slueeK MHBEPTOpa, MOSTOMY ACHCTBYIOLIEE 3HAYE-
HUE THHEHHOTO HATPSDKEHUS JIF00O0H BTOPHIHOW 0OMOTKH
MOXKHO OIIPEACINUTh U3 COOTHOIICHHS

U
Ugn=—7=- ()

k-3

@ +30°(k-1)/k
@ +30"(k-1)/k

)

+60"/k =
= @ 130"k
D@ @
=~ @ 30Kk
@ -60"/k !
~ @-30°(k-1)/k
®-3o -1k

a 6
Puc. 3. O0o01eHHas: cxeMa MHOTOOOMOTOYHOTO
TpaHcdopmaTopa: a — pu HEYETHOM KOTHIECTBE sTUeeK B (ase
HHBEPTOpPa; O — MPH YETHOM KOJIMYECTBE TICEK
B (ha3e HHBEpTOpa

Us= Un/V3

B L

Puc. 4. Onpenenenre HOMHHAIEHOTO HAMPSDKCHUS
BEHTHIILHOI 0OMOTKH

Ipn coenviHeHNN BTOPHYHBIX OOMOTOK B ''TpEyroib-
HUK" (B CITydae HEYETHOrO KOJIMYECTBA sueek B (ase)

Uaz =v3-Ugy. @)

COOTHOIICHUST IS OTPENCICHUS HOMHHAIBHBIX

HATIPSDKCHUH TOTyOOMOTOK TIPH COCTUHCHWUW B ''3mr3ar”
MOYKHO TTOJTYYHUTh U3 BEKTOPHOM auarpaMmel (puc. 5):

2 .
Uzom =E'U2n -sin @;
sin @

Uzaon =Uzp - COS@——=|,
V3
rie Uz, Uzzon — COOTBETCTBEHHO HOMHMHAIBHBIE HAIIPs-
KEHHUs NEepPBOH M BTOPOH MOIIyOOMOTOK N-HOM OOMOTKH
TpaHcdopmaropa; ¢ — yroji CIABHIra BEKTOpa BTOPUYHOTO
HaNPsDKEHUS] OTHOCUTENBHO oc OA TpeXOCHOM CHCTEMBI
koopauHar (cM. puc. 5).

4)

Vron CABUI'a BCKTOpa BTOPHUYHOI'O HAMNPSIKCHUA
N-HOI 0OMOTKH OIPCACIIACTCA U3 YCIIOBUSA

0=2n, - ©)

k
k-1
npu HeverHsix K, e M =1,2, 37 :
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60 IMpogomxenue Tabaus! 1
¢= ok '(2 Ny _1) - (6) I[Tapametp O6o3HaucHNE | 3HAaueHHE
K ConpoTuBneHne cHabOepa nuoaa Rsp 100 Q
npu yeTHbIX K, e Ny =1,2,3...—. EmKocth cHabbepa amona Csp 0.5 uF
2 JlnHaMUUeCcKoe COMPOTUBIICHUE
o Rond 0.28 mQ
A mpsimoii BeTBu BAX nmiona
A [ToporoBoe HanpsbKkeHHE AHOAA Us 1V
Tun TpaH3UCTOPHOTO MOAYISA SKM
800GA176D
ComporuBnenue cHabOepa MomyIIst Rsm 200 Q
[EmMxocTh cHaOOepa auona Csm 0.5 pF
JlnHaMHUECKOE COMPOTUBIICHUE Ronm 1.7 mQ
[ToporoBbie HampsKEHUE HA
P p Urr, Up 2V
[TPAH3UCTOPE U IUOMIC MOIYJIS
Bpems criaga 1 HapacTaHHS TOKA T. T 0.23 ps,
uepe3 IpHGOp IPH HePeKITIOYEHUH bt 1.03 ps
(OHEPrus IOTePh BKIIOUCHHS
p P Eon 335 mJ
B C [TpaH3mcTOpa
(DHEPrUs IOTEPh BBIKIIOYCHUS
E 245 mJ
Puc. 5. Bexropnas nuarpamma s OH%QZ[CHCHI/ISI rpansHcTOpa off
HOMHHAIBHOTO HANPSUKEHMS MOTyOOMOTOK T ———————————————— p 155 m)
TpaHc(hopMaTopa MPH COSANHEHNH B ""3Ur3ar o6paTsoro mona "
I 6 IEMKOCTB KOHIEHCATOpa C 19.5 mF
apaMeTpbl AJIEMEHTOB I/IHB€6pT0pHLjX sIYEEK, BBHIOH T ——
paroTCs U3 COOTBETCTBYIOIIMX TPEOOBAHWIA K OMHO(A3HBIM [Tira xabGenbHOM MHHmN e 150 m
HMHBEPTOpPAM HANPSHKEHUS C Y41€TOM MOIIHOCTU HATPY3KH. Omreckoe conpoTHBICHIE n 0,018 O
B Tabn. 1. mpuBeneHbI mapaMeTphl 3JIEMEHTOB CHIIO- |kaGe bHOMN JIMHIK line :
Boit cxembl MYMUITY, y4eT KOTOPBIX HEOOXOMUM IS pas- ACHHXPOHHBIH IBUTATEIH
pa6orku Matlab-momemnm. HoMuHATbHAST MOLIHOCTD Py 8 MVA
Tabmuna 1 |[HomuzansHOE NuHEHHOE U 10000 \V/
[TapameTpsl 21eMeHTOB cHII0BOM cxembl MYUITY HampspKeHre 0OMOTOK CTaTopa !
[Tapametp | Ob6o03HaueHne | 3HaueHne Pe3lCTUBHOE COMPOTHUBIICHUE r 0.030
[Turaromas ceTh 0OMOTKH cTaTopa ! )
CICTB € 3HaUCHHE IMHAYKTUBHOCTD paccestHus
fleiictayiont Ue 10000 V JLKTHBHOCT) pacce L 1.93 mH
IIMHEHHOTO HATIPSDKEHHUS 0OMOTKH cTatopa
CeteBast yacrora fo 50 Hz ConpoTuBieHre 0OMOTKH pOTOpa r, 0.089 Q
MuaykTHBHOCTD (a3l Lo 1.27 mH MHOYKTUBHOCTD paccesHus L 1.25 mH
MsuoroobmoTouHsIi (hazocaBuraromuii Tpancgopmarop 0OMOTKH poTOpa 2 '
KonuuecTBO MepBUYHBIX B3arMHast HHIYKTHBHOCTh
p Nz 1 K Lo 0.076 H
[rpexda3HbIx 00MOTOK 0OMOTOK
KomudecTBo Tpexa3HbIX N 18 IMuepronHas MOCTOSIHHAS H 0.4s
BEHTHJIBHBIX OOMOTOK we [ducio map 1mojocoB p 2
IHomuHaIbHASI MOIITHOCTH S, oms 8 MVA
M.MD
HoMuHampHast 9acToTa fron 50 Hz MATLAB-MOJIEJIb MYUITY
[eficTBytomee 3HateHme Matlab-mMonerns anekTponprBoa ¢ ACHHXPOHHBIM JBH-
HOMHHAIBHOTO JIHHEHHOTO Uy 10000 V raTeneM HOMHHAIIBHOW MomHocTH Py = 8 MBT Ha Hamps-
HATIPSKEHMS [IEPBUYHON OOMOTKH xerre U = 10 kB ¢ npeobpa3oBaTenbHON CHCTEMOH Ha OC-
/leiicTByrolee 3HaYCHIE HOBE 13-ypOBHEBOIO KaCKaJHOTO HHBEPTOPA HAIPSHKCHHS
HOMUHAIIBHOTO JIHHEHHOrO U,pn 962 V (puc. 6) COCTOUT U3 YETHIPEX OCHOBHBIX THIIOB GJIOKOB:
HATPSDKCHHS] BEHTHIIEHOH 0OMOTKH 1. Broku cumoBoit cxemsl (1-23).
OtHocuTenbHOe OMHMECKOE CO- 2. brioku nojcucTeM cuctems! yrpasneHust (24, 25).
MPOTHBIICHHE NIEPBHIHON 0OMOTKH R 0.004 3. brokm u3MepHTENBHEIX moacucteM (32, 33, 40).
[rpancgopmaropa
4. BIOKM M3MEPHUTEIBHBIX MPUOOPOB (OCIHILIOCKO-
(OTHOCHTEIIBHOE OMHYIECKOE
noB) (41-46).
COIPOTHBIICHHE BEHTHIEHBIX R 0.004 0 . 6
0GMOTOK TparchopMaTopa TIEJIBHO PACCMOTPUM YCTPOHCTBO OCHOBHBIX OJ10-
(OTHOCHTENLHOE 3HAYECHUE KOB MOJIC/IH.
MHIYKTHBHOCTH PacCesHUs L 0.08 CwyioBast cxemMa MOJICNN BKITFOJaeT B ceOs:
n* .

BEHTHJILHBIX OOMOTOK

[rpancgopmaropa
WuBepropHas suciika
KomuaectBo stueexk B aze K 6
mpeoOpaszoBartesst
MakcrManbHOE KOTHUYECTBO
Lpn 13

ypOBHCﬁ BBIXOJHOI'O HAIPSKCHUA

Tun nquona HeynpasIIeMOro SKKD 701/16

BEITPAMUTECIISA

- Tpex(a3Hblil UCTOYHUK CHHYCOMJAIBLHOTO HAaIps-
KEHUS, VMHUTUPYIOIMIA TpexdazHyr NPOMBIIIICHHYO
cerp HanpspkerueMm 10 KV u gacroroit 50 Hz npu mosnHoi#
MOIIIHOCTH Tpex(}a3HOoro MHIYKTMBHOIO KOPOTKOrO 3a-
mbikaamst 250 MVA (610k 1);

- MHOrooOMOTO4HBI TpaHc(opmaTop (61ok 2);

- uaBepTopHsIe stueiiku (6moku 3-20);

- CONPOTHBIICHUE JITHAN MOJEIUPYET PE3UCTUBHOE
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CONPOTHUBJICHNE NPOTSHKEHHOIN KaOeIbHOMN JIMHUN, COCaN-
HAIOMEH 3aXKUMBI  IpeoOpas3oBaTens ¢ JABUTATENS
(6mok 21). Dror ke GIOK YYHUTHIBAET HUHIYKTHBHOCTD
BeIxomHOTO L-C prprpa;

- CIJIQKMBAIONIMH BBIXOJHOW Tpexdazubiii C-pubtp,

s =2e-005¢ al A I

NpeHa3HAYCHHBI JUI ITOJAaBJICHUSI BBICOKOYACTOTHOM
COCTaBJISIIONICH HANPSDKEHHMS Ha 3aKUMax JBHUraTels
(6o 22);

- Tpex(a3HbII ACHHXPOHHBIN IBUTATENTh HOMHUHATBHOM
morrocThio 8 MW Ha nanpsprerue 10 KV (6mok 23).

[ 21 33
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Puc. 6. Matlab-mozens MYUITU

W3 mepeuncrieHHBIX OTOKOB OCOOBIA HWHTEpEC Tpe-
CTaBIsieT OJOK 2 — MHOrOOOMOTOUHBIN (ha30CIBUTAFOIIIUIA
Tpanchopmarop. B Hacrosmielt paboTe mpemioxeHa MeTo-
JKa CHHTE3a MHOr0OOMOTOYHBIX TpaHc(opMaTopoB mist
MVYUITY Ha OCHOBE CTAaHIAPTHBIX OJIOKOB OMOIMOTEKH
SimPowerSystems. Biok 2 cocToMT U3 TpeX OIMHAKOBBIX
MHOr00OMOTOUHBIX TpaHcdopmaropoB T1, T2, T3 (Multi-
Winding Transformer), xaxmplii U3 KOTOPBIX MOAEIHPYET
onHy ¢azy TpexdazHoro Tpancdopmaropa. Tpanchopmarop
T1 Brmoyaer Bce oOMoTku dasel A, TpaHchopmartop T2
BKJTFOYaeT Bce 00MOTKH (ha3sl B, Tpanchopmarop T3 BriTrO-
gaer Bce 00MoTKH (pa3er C. CriocoOBI COSTMHEHNS BEIBOIOB
00MOTOK "'3ur3ar’’ mpu HedeTHbIX K IpeicTaBieHs! B Ta0IL. 2,
a TpH YeTHbIX K — B Tabm. 3.

Tabn. 2 m 3 TMO3BOJIAIOT BBIIOJHHUTH COEIWHEHHS
00MOTOK B "3mr3ar” B 3aBHCHMOCTH OT KOJWYECTBA WH-
BEPTOPHBIX sTUeeK B (pase Harpy3Ku.

Matlab-momens cucTembl yrpaBieHus: BKIIOYACT B
ceOs1 1Ba MOJICHCTEMHBIX OJI0Ka — OJIOK 33aHHsI CKOPOCTH
(670K 24), BBINONHEHHBI HA OCHOBE OMOIMOTEYHOTO

aneMeHTa TIMer u GJIOK CHCTEMBI YIPABJICHHSI HHBEPTO-
pom (6iok 25). Baytpu 6110Ka 25 pacmonoxen 610k 26 —
Control, kax moka3ano Ha puc. 7, GOpMHUPYIOIIHI CUTHA-
TBl 3aJaHus JUI CHCTEMBI YIPABJICHUS WHBEPTOPOM B
3aBHCHMOCTH OT HMH(OpPMAaIlH, BHECEHHOH B OJoK 24.
CtpykTypHas cxeMa 0JIoKa MpecTaBlicHa Ha puc. 8.
Mozenb cXeMbl 0 pHC. { WCHONB3YET NMPUHIMI BEK-
TOPHOTO YNpPaBIICHHS, OCHOBAHHBIN Ha PEryJIMPOBAHHH CO-
CTaBJFOIINX BEKTOpPA TOKA CTATOpA, HAINPABJICHHBIX MO U
MIEPIICHIUKYIIIPHO BEKTOPY MOTOKOCHEIieHus1 poropa. Cu-
creMy OJIOKa pacyeTa CHUIHAJIIOB YIPABICHUS HHBEPTOPOM
MOJIEIM MOKHO TPEJCTABUTh COCTOSLICH M3 TpeX Y3IOB:
PeryJsiTopa CKOPOCTH, PEryiisiTopa NOTOKOCLEINICHUs POTO-
pa 1 y3I1a BEMUCIICHHS 3aaHus (a3HBIX HANPSDKCHUH.
Perynsarop ckopoctu mpeacTaBiseT coOoi AUCKpeT-
ueiii [TN peryastop (6mok Speed_Reg), Ha Bxoms! y3ia
CpaBHEHHSI KOTOPOTro (670K SUM) MOCTYIAlOT CHUTHAB C
BBIXOla 3aJaTYMKa WHTEHCHBHOCTH Speed* um oGparHOi
CBATH O CKopocTH poropa Speed. Perymsitop ckopoctu
BEIpa0aThIBACT CUTHAT 3a/1aHUsI MOMEHTa Te*.
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Tab6nuna 2
[MopkioyeHne BEIBOIOB 00MOTOK Z mpH HeueTHbIx K (Ng = 1...K)

Tabmuna 3
IMonxmoyeHne BbIBOI0B 00MOTOK Z tipu 4eTHBIX K (Ng = 1...3:K)

Coenenenne, | Brsomsr 6moko Multi-Winding Transformer Coenenenne,|  BobiBomsl 6okoB Multi-Winding Transformer
Ne TpaHCh-pa +2:n, 2ng +2:ng+1 2-ng+1 INe Tparcd-pa  +2-ng 2Ny +2:npt+1 2:npt+l
IBBIBOTBI K+3 IBeIBOIBI
MOJKITIOY EHU S 4'k.'.|-.4 - 1.k - [OJIKTFO Y CHUS - - 1..3k -
Harpysku e Harpysku
IBbIBOIBI 2.k+5 IBeIBOIBI
—— 7 coeHenys B 1.3k _ - .
00IIYI0 TOUKY 00LIyI0 TOUKY
T1,T2, T3 1k - 4k+3 - T1,T2, T3
2 IBbIBOIBI
coeMHeHNS ) 1...3k/2 ) 1...3k/2
IBEIBOTBI +Z T1 T2
coenuuenus +Z - 1,'1,'ik - 1,'1,'2'k TluT2
TluT2 IBBIBOIBI
BHIBOJIBI 1.k 1k coeHenns ) 1...3k/2 ) 1...3k/2
coennuenns +Z - 3 - 1 +Z T3 T1
T3nT1 T T T3 1 Tl
IBEIBOJIBI 1.k 1.k IBBIBOIBI
coequuenus +Z - T3 - Tl ICOSTUH CHUS _ 1...3k/2 _ 1...3k/2
T2uT3 +Z T3 T1
IBBIBOIBI 2-k+5 T2uT3
coenuuenus -Z o 2'k+5___ BerBote! 3-k+2 3-k+2
TluT2 2 coequueHus -Z _—. _—
- | Akes - 4.k+3 1w T2 ) 2 ) 2
2 . .
T 7 1 .3k .3k
1 T1 T2
IBeIBOIBI 2-k+5m 2.k+5 BbIBOAIBI 3. k+2 3.k+2
coenuueHus -Z 2 coeanueHus -Z _ _
T3 uT1 ) 4 K+3 ) 2 T3 uT1 . 2 . 2
1 4-k+3 .3k .3k
2 11 T3 T1
Bror 3k+2 3k+2
Boteozter 7 2'k+5m 2'k+5m coenunenus -Z —_—. _
Cocsern - 2 2 T2uT3 : 2 : 2
" - 4.k +3 - 4.k+3 .3k 3.k
T2 0T T T3 T1
3 Ha Bxox y3ma cpaBHeHHss SUM4 HOCTYMAalOT CHIHA-
I JbI 3a3[aHus TOTOKocuerwieHuss poropa Phir* u curnan
e o0paTHO# CcBsi3U 10 MOoTOKOcuemenuo Phir, paccunran-
ueli B 61oke Flux Calculation mo coornomenuto
W =Ly lgH, ™
Controll rﬂe
Control \Uabe 1
Do Uabet r — =7 T (8)
Speed_ref z 1+ Tr.s
» H — nepenatounas ¢pyaknus; |y — cocraBmsomas BekTopa
: = TOoKa 0OpaTHO# cBsizu mo ocu d; L+ — oTHOCHTENBHOE
z 3HAYEHHUE B3aUMHON UHAYKTHBHOCTH.
" [MocrostHHast BpeMeHH Ui NepelaTOuHON (QYHKINN

Puc. 7. CrpykrypHas cxema 6ioka Control System

Flux "
' 18.0rder
Calculation Filter

‘ d
labcl abe
g cos
cos(u)
. Transformation
Calculation Al

190t
Filler,

sin_cos Uabe*
d
dq0_to_abc
Transformation

Puc. 8. CrpykrypHas cxema Giioka Control

BBIYHUCISIETCS [I0 COOTHOIICHHIO
/
T-= LM*+ 52* ’ (9)
g - =
rae L'y, Py« — COOTBETCTBEHHO OTHOCHTENBHBIC TpHBE-
JCHHBIC WHIYKTUBHOCTH PACCESHHUS U PE3MCTUBHOE CO-
MPOTHBJIEHHE poTopa Tpu S = 1; wy — yrioBas 9yacrora
(314 rad/s).
3HayeHns TOKOB o0paTHOH cBssu lg, lq momydaem
npu momornu 6iroka abc_to_dq0 Transformation, momasas
Ha €ro BXOJ CHTHAJl 0OpaTHOU CBSI3M MO (pa3HBIM TOKaM
craTopa W paccunTaHHbsle B Oinoke Teta Calculation 3na-
YeHHsI CHHyCa W KOCHHYCa YIJia MOJIOKEHHs BEKTOpA IT0-
TOKOCLEILICHHUSI POTOPa
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iy -COS 0+ i - COS 6—ﬁ +
2 3
Iq__' i
3 . 2:m
+1¢ -COS 6+T
(10)
iy -SinO+i, -sin 9—2—“ +
2 3
lg ==
3| . 2-m
+1g - sin 6+T

YToNn NmonoXeHus: BEKTOpa MOTOKOCLCIUICHUSI POTO-
pa paccuutbiBaercs B Oioke Teta Calculation

0= (o +on )dt, (12)
rac
(I
o =—r 9 _ (12)
T-yy

— CKOpOCTh BpAIL[EHUS] POTOPA; Wy — MEXaHMYECKast CKO-
POCTh pOTOpA.

3HayeHUs TOKOB 3amaHus lg», lg« paccumTsIBaroTCs
coorBerctBeHHo B Omokax ld* Calculftion u Ig*

Calculation
Id*: \Vr
Lo«
. (13)
- LM*+L2* '\Vr.
q LM*. e*

PaccunTaHHbIe TOKH YIpaBleHHS lgreg, lqreg TTOMyUa-
eMm B Oinokax ld_reg u lg_reg, mpencraBnstommx coboi
quckperHbie [IM perynsTopsl, Ha BXOA KOTOPBIX MOCTY-
MAalT COOTBETCTBYIOIINE CHIHANBI PAcCOrNIACOBAHHS C
y3710B cpaBHeHUst SUM1 u Sum2.

CurHaJssl yrnpaBlIeHHS WHBEPTOPOM PacCUUTBHIBAIOT-
cs B oioke dg0_to_ abc Transformation, BoimomnHsroremMm
o0patHblii epexo]] oT cucteMbl koopauHat dg0 B abc

Uareg = ldreg "SINO+ I greg - COS O,
(J@sinﬁ—cos 9)~ lgreg —

Upreq = 0.5-
reg _(sin9+ﬁ.cos 9)' l dreg

. (14)

Ucreg = ~Uareg ~ Unreg-

B crpykTypy 06i10Ka CHCTEMBI YNPaBICHHUS BXOIWUT
6ok 27 (cM. puc. 7), BHIIOMHSIOWNH QYHKIHIO PuKca-
MU ApaMeTPOB (AMIUIMTY/IbI, YaCTOTHl U (pa3bl) CHrHA-
JIOB yIpaBJICHHS! HHBEPTOPOM B MOMEHT BPEMEHH, KOTJa
YacToTa BpalICHHWs pOTOpa paBHA 33JaHHOW YacToTe U
repeajipecalii  pacCYUTaHHBIX IO IOJYYEHHBIM Iapa-
MeTpaM (HUKCHPOBAHHBIX CHI'HAJIOB B CHCTEMY yIIpaBie-
HUS WHBepTOpa. bnok 27 BHIIONHSIET CHHXPOHHU3AIHIO
CHTHAJIOB C BBIXOJa Onoka 26, MpH 3TOM NEpEKII0UeHHE
Ha cuctemy ympaeierust Controll mpowmsBoauTcst B Mo-
MEHT Uzreg = 0.

Bbrnoku hopmupoBaHus U pacnpeneneHns IMITYIECOB
yrpaenerus: (6moxu 28-30) mpeacTaBiasioT co60l CHM-
MeTpuuaHble oncucremsr PWM A, PWM B, PWM C, B
cOCTaB KOTOpBIX BXoauT mo mects HIMM-renepaTopos
PWM1-PWM6, nepenaronmx UMIYIbCH YIpaBICHAS Ha
WHBEPTOPHBIE STMEHKH COOTBETCTBYIOIIEro ypoBHA. Mo-
qens [MMM-renepatopa Ans NEpBOH SAYEHMKH MPENCTAB-
neHa Ha puc. 9.

2%pi
c+
[CO— —f
S D e
t > ¢
0.5 |-
o] o5}
Phase

—

(@D, > R . R
.
I > s P owm %
(#1,0,-1) Outl
P
= Switcing Table
L 9

Puc. 9. Monens HIMIM-reneparopa i TpaH3UCTOPOB MEPBOH
STUEUKU

Selector

Mopens 1o puc. 9 npou3BoaUT POPMUPOBAHHE IBYX
BEPTHKAJIBHBIX YPOBHEH BBICOKOYACTOTHOTO TPEYTrOJIbHO-
ro nuiaooOpasHoro Hanpspkenus "0 +1" u "0 -1" u ux
CpPaBHEHHE C BXOJIHBIM CHHYCOWJAIBbHBIM CHUTHAJIOM
yrpasinenusi, popmupyemoro o6moxkom 26. Ilepepacmpene-
JICHUE HWMITYJbCOB Ha TPAH3UCTOPHI SYEHKH WHBEPTOpA
MIPOMU3BOJIUTCSL B COOTBETCTBHHU C TaONMIEH mepexioye-
mauit (6mok Switching Table) u mpm momomm 6Gmoka
Selector. Hauanbhas (a3za TpeyroibHOr0 HAIPSDKEHUSI
3amaercs B Omoke Phase (mst mepBoii sueiiku oHa paBHa
Hym10). [l OCTanbHBIX HATH s9eek (Pa3oBbIA CABUT pac-
CUUTHIBAETCS IO COOTHOILICHUIO

n-m

=3

(15)
rren=1,2 3...k-1.

I'pyrma G10KOB M3MEPUTENBHBIX IMOACUCTEM COCTOUT
U3 Tpex(ha3HbIX JAaTYMKOB HAIPSDKEHHS W TOKa (Gioxu 32-
39) u mmepurenbroii cucremsl (6mok 40) Broxu 34-39
HaxoZATCsl BHYTPH siueek nHBepropa Al-A6. M3meputens-
Hasl CHCTEeMa NpeAHa3HaueHa ISl NpeoOpa3oBaHus U3Mepsi-
€MBIX CUTHAJIOB M BBIBOJIA UX Ha U3MEPUTEIEHBIC PHOOPBL.
B 6nok 40 nocrynaer nHpopMarms co BceX JATIYMKOB MO-
JIEIM 1 TIPOM3BOJNTCS ee 00paboTka. Ha BeIXOmHBIE TIOPTHI
6mmoka 40 BeIBomATCS MH(DOPMAIWS 00 ITEKTPOMAarHUTHBIX
Tporieccax, MPOXOSIINX B MOJICITH 3JIEKTPOIIPHBO/IA.

Pacuer K03 pUIHEHTOB HECHHYCOHIAIBHOCTH MPO-
W3BOJUTCS C TIOMOIIBIO CTaHAApTHBIX OnokoB THD
(discrite). TlocrostHHAsE COCTABIAIONIAS BBIAEIACTCS TIPU
MOMOIIY HU3K04acToTHOTO (hrmbtpa (Lowpass Filter).

Koa¢pdumment nome3Horo neicTBUS pacCUUTHIBACT-
sl IIyTeM M3MEPEeHNs] MTHOBEHHOW MOIITHOCTH Ha BXOJ/IE U
BBIXOZIE TpeoOpaszoBaresisi M YCPEOHEHHS MOJTydeHHBIX
3HAYCHUH. YUYeT AMHAMHYECKHX MOTEePh B MOIYIPOBOJ-
HHUKOBBIX MOJIYJISIX, BOSHUKAIOIINX P MEPEKITIOYCHHAX C
BBICOKOH 4acToTo#, npom3Boautcs B Omoke dPdin. Tlocie
YCpPEeTHEHHS MOIIHOCTH AMHAMHWYECKHX IOTeph €€ BEJH-
YHWHA BBIYUTACTCS U3 YCPEITHEHHOW MOIHOCTH Ha BBIXOJC
npeobpa3oBaTenst. JleneHne IMONyIHBIIETOCs 3HAYCHUS
TIOJIE3HOW MOIIHOCTH Ha YCPETHEHHOE 3HAYCHHE BXOIHOM
MolHocTH onpenenset BenmnunHy KI1J{ npeobpa3oBartens

_ Pout _APdin (16)
Pin
rae
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T
Pout = _[(ua “Iq +Up iy +U¢ 'ic)jt
0
. )
Pn = _[(Usa “Igq *Ugp *Igp +Uge 'isc)jt
0

Pout: Pin — ycpenHeHHBIC 3HAYEHHS MOIIHOCTH COOTBET-
CTBEHHO Ha BBIXOJIE M BXOJIE Tpeobpazosatelis (C yaeTom
JUTHHBI KaOensHOM JIMHNK); APyin — CyMMapHBIe IHHaMu-
YECKHUE TIOTEPU B TPAH3UCTOPHBIX MOJYJISIX UHBEPTOPA.

JEMOHCTPALIMA PABOTHI
MATLAB-MOJEJIM MYUITY
CunresupoBannass Matlab-monens mosBomster wuc-
CJIEIOBATh CTATHYECKHE M IMHAMHUYECKHE PEeXUMBI pabo-
THI AJIEKTPONPUBOAA B MacITabe peaspHOro BpeMenu. Ha
puc. 10 mpencraBieHbl OCHMIUIOIPAaMMBI TOKa CTaTopa,
CKOPOCTH pOTOpa W 3JIEKTPOMAarHUTHOTO MOTOKAa JIBUTA-
Tensl P pasroHe 10 4dactorsl 25 Hz ¢ mocnemyronmm
nepexoioM Ha Jactory 45 Hz B BeHTHIATOpPOM pexuMe.
Kak Bugno n3 puc. 10 npu obGecnieueHny MIaBHOTO MMycKa
JIBUTATENs TOKM CTAaTOpa B MEPEXOAHBIX PEXHMax He
MIPEBBIMIAIOT JOMYCTUMBIX 3HAUCHHUH.

Puc. 10. OcuusiorpaMMbl TOKOB CTaTopa,
CKOPOCTH POTOPA U HIIEKTPOMarHUTHOTO MOMEHTA BT ATEIIS
IIPH €T0 PAa3rOHE U MOCIEAYIOIEM IIepexoe
¢ yacrorsbl 25 Hz Ha yacrory 45 Hz

Ha puc. 11 nokasans! ocIIIOrpaMMbl HAIIPSDKEHAS 1
TOKa JIBUTraTess Uil Tpex (a3 B YCTAHOBHBILIEMCS PEXUME
mpu yactore Ha Beixome 50 Hz. U3 pucyHKa BHAHO, 9TO
(opMa KpHBBIX HANpPSDKEHWSI W TOKA JBUTATENsl ONM3Ka K
cuHyconnanbHOM. KpuBass Toka, m3oOpaxena Ha puc. 11
TOHKOW JIMHWEH W MIPUBOUTCS B IISITHKPATHOM YBEITMYCHUH.

Puc. 11. OcunmiorpaMMbl HAIPSDKEHUST M TOKA BATATEIIS
JUTS Tpex (a3 B yCTAHOBUBILIEMCS PEXHUME IIPH 9aCTOTE
Ha Bbixozie 50 Hz

B Tabn. 4. mpencraBieHBl pe3ynbTaThl pacdeTa Ko-
3¢ OUIMEHTOB HECUHYCOUIATHLHOCTH TOKOB W HATIPsDKE-
HUH Ha BXOJIE W BBIXONE IpeoOpa3oBartens, a TakKe KO-
2 GUIMEHTa TONE3HOrO JCHCTBUSA TPU HM3MCHCHUH 4Ya-
crotbl Ha Bexoze ot 10 go 50 Hz

Tabmnua 4
3HaueHns KO3 GHUIIEHTOB HECHHYCONJATBHOCTH TOKOB H
HaInpsDKEHUH Ha BXOJIe U BBIXoze npeodpaszosarerns u KI1/ npu
W3MEHEHHH 4acToThl Ha Beixoze ot 10 no 50 Hz

Yacrora Pe3ynbraTsl u3MepeHuil
HA BbI- THD, %
Xome KHI[, %
f, Hz |s Us IAM UAM
50 0.71 0.39 1.55 2.8 96.53
45 1.11 0.34 1.56 3.21 96.87
40 1.17 0.27 2.02 3.36 97
35 131 0.2 2.57 3.76 96.86
30 1.25 0.16 3.68 3.73 96.34
25 1.4 0.11 35 3.99 94.87
20 2 0.1 34 4.5 91.47
15 3.37 0.066 3.58 5.57 84.02
10 8.2 0.046 3.76 7.63 62.76

Ha puc. 12 npencrasnena 3aBucumocts KIIJI npe-
obpasoBaresst ot yactoTsl Ha Beixoze 1 = F(f), momyuen-
Hasi METOJIOM AaIPOKCUMALUH PE3YJIbTaTOB MOJEIHPO-
Banua. Kak m cieoBasio OXuIaTh, CHIKEHHE YaCTOTHI
BpameHus poropa umwke 20 Hz (1200 o6/muH) BBI3BIBaeT
3HaunTenbHoe cHkeHnu KI1/1 mpeobpazoBaTers.

0.65 5 f,Hz
10 15 20 25 30 35 40 45 50

Puc. 12. 3aBucumocts KITJ[ mpeobpa3zoBaress
OT YacTOTHI Ha €TO BBIXOJIE

BBIBO/JIbI

1. Ha cerogusimHuii IeHb OAHUM W3 HawOoJsee pac-
NIPOCTpaHEHHBIX IpeoOpa3oBaTeneil Uil  YacTOTHO-
PETYJIMPYEMOro BBICOKOBOJIBTHOI'O 3JIEKTPONPHUBOJA SIB-
JSIETCSI MHOTOYPOBHEBBIN HHBEPTOP HAIPSKEHHUS.

2. Ha mpoextHO# ctaany pa3paOOTKH BEHTHIEHOTO
npeoOpa3oBaTesi HEOOXOAMMO YAEIATh BHUMAaHHE IO-
CTPOCHHIO KOMITBIOTEPHOH MOJIENH MpeoOpa3oBaTeNbHOM
CHCTEMBI B LIEJIOM, YYUTHIBAIOUIEH MMapaMeTphl CHIOBOMH
CXEMBI M CHCTEMBI YIIPABJICHHS, ¥ TTO3BOJISIONIEH OLIEHNUTD
JJIEKTPOMAarHUTHBIE MPONECCHl KaK B KBAa3MyCTAHOBHB-
IIUXCS, TAK ¥ B TIEPEXOIHBIX PEXKAMaX.

3. PaspaGorama Matlab-momens snexTponpuBoaa
MIEpEeMEHHOr0 TOKAa HOMHHAJIBHOM MommHocThio 8 MW,
BBINOTHEHHAS! HA OCHOBE MHOT'OYPOBHEBOT'O KAacCKaJHOTO
MHBEPTOpa HANPSDKEHNS! M aCHHXPOHHOTO IBUTATEIS.

4. TlpemmoxeHa METOIWKA CO3/IaHHMS MHOTOOOMO-
TOYHOro  (ha3ocABHTAIOMIEro  TpaHcdopmaropa  Uis
MVYMUIIY ¢ ucnonb30BaHWEM CTaHAAPTHBIX OJIOKOB OHMO-
nuvorekn SimPowerSystems, Mo3BoJSIONIAsS MOMAEIHPO-
BaTh MHOTOOOMOTOYHBIE TpaHC(OpMaTOpsl MpH JIFOOOM
KOJIMYECTBE NHBEPTOPHBIX SUEEK.

5. B cpene Matlab peanusoBana merommka pacdera
KIIJ, yautsiBaromas TMHAMHUYECKHE TTOTEPH B MOIYIPO-
BOJTHUKOBBIX IIPHOOpax.
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6. Jannbie cusateie ¢ Matlab-momenu anekrpomnpu-
BOJIa MO3BOJISIIOT CYAUTh O €€ KOPPEKTHOW pabore B KBa-
3MYCTaHOBHBIINXCS M IEPEXOAHBIX PEKUMaX.
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TexHiKa cunbHUX efleKmpPUYHUX Mma Ma2HimHux rnoisie

YJIK 621.318

II.B. Apryn

OCOBEHHOCTH B PABOTE CUCTEM NCTOYHHUKA MOIIIHOCTH -
I'EHEPATOPA MHOI'OKPATHBIX TOKOBbBIX UMITYJIbCOB

Ilposedeno ananiz cxemuux pivieHs o RIOKIIOYEHHIO ITHCMPYMEHMY MAZHIMHO-IMRYIbCHOZO0 6NTIUEY 00 0Xcepena ROMYMHCHOCHI.
Po3xkpumo ocobnueocmi nodyooseu cucmemu KOHmMPOIo i yRPAGIIHHA MAZHIMHO-IMAYIbCHOT yCHAHOBKU 8 peXcumMi 0azamopaso-
eux cmpymosux imnynvcie. Hagedeno onuc cmpykmyphux cxem cucmemu KOHmMpoJil0 ma ynpasiHH:A.

Hpoeedeﬂ AHA/IU3 CXEMHBIX pemeumi nO NOOKIYUEeHUI0 UHCMPYMEHmMA MACHUMHO-UMNY/IbCHO20 6030eiicmeus K UCHOYHUKY
MOULHOCMU. PaCKpblmbl ocobenHocmu ROCMPOCHUA CUCMEMbL KOHMPO/IA U YyRPAG/IeHUA Mazuumuo-umnynbcuoﬁ ycmaHo6KU 6
percume MHOCOKPDAMHbIX NOKOBbIX UMNYJIbCOE. Hpueedeﬂo onucanue CmpyKmypHslX CXem CUCmeMbl KOHMPOJIA U YyRPAGI1EeHUA .

BBEJIEHUE

AHATU3 OCHOBHBIX JOCTHKEHMIl W MMyOJMKaumii,
nocraHoBka 3agauym. Kiaccnueckas —(yHKIMOHAJIBHAS
CXeMa MarHUTHO-UMITYIIbCHOM ycTaHoBku (MIY) — ucrou-
HHKa MOIIHOCTH, KaK TeHEepaTopa TOKOBBIX MMITYJIECOB IS
000pynoBaHWs, B TEXHUKE M TEXHOIOTMSX MAarHUTHO-
UMITYIIbCHOM 00pabotke merawioB (MUAOM), omxumu w3
nepBbIX, Obuta omucana aropamu [1]. Hexoropere normon-
HEHWMS, 00yCIIOBJICHHBIE MOJIEPHHU3AIMEH CHIIOBBIX OJIOKOB 1
00CITY’KMBAIOIINX CHUCTEM, HECKOJIBKO TI03Ke ObLIM OTMede-
HBI B pabore [2]. B xauectBe ycTpONCTB TSl yIpaBIeHHS
3apsIOM M paspsiioM EMKOCTHOTO HAaKOIMTEINS B Kilaccuye-
CKHMX HCTOYHHKax MoIHocTH — MUY HCcHonme3yroT 3ek-
TPOIHbIE Pa3pPSIIHUKA (MTHUTPOHBL, THPATPOHEI), BAKyyM-
HBIC W BO3MYILIHbIC TPEXIICKTPOMHBIC Pa3psIHUKA (TpH-
TaTPOHBI) M Pa3JMYHbIE MEXaHHYCCKUE IBYXIIEKTPOIHBIC
KommyTatopsl [1, 3].

K xommyrupyrommmM yctporicteBam B MUY mpens-
SIBISIFOTCS CIIEyIoIe TpeOOBaHM. MUHHMMAalbHast co0-
CTBEHHAsl MHJIyKTUBHOCTB, MaJlO€ JJIEKTPUUECKOE COMpPO-
TUBJICHNE, CIIOCOOHOCTh KOMMYTHPOBATh OOJNBIINE TOKH
3aJJaHHOE KOJMYECTBO BKJIIOYEHHH, OTHOCHTENIBHAS IPO-
cToTa KOHCTpyKImu. Ho TpeGoBaHms CTaOMIBHOCTH IO
BpEMEHH CpabaThIBaHWS M YPOBHIO HANPSHKCHHUS OTCYT-
CTBYIOT, BBHJY TOTO, YTO 3TH XapaKTCPHUCTUKH IEKTPOJI-
HBIX pa3psAIHHUKOB SIBISIFOTCSI BIOJHE YIOBJIECTBOPUTEINb-
HBIMH JUIsl pa0OTBI MPU BBICOKHX HANPSDKCHHSX U B pe-
JKMUME TMPONYCKAaHHUS MYCTh JaKe JOBOJBFHO MOLIHBIX, HO
OZIMHOYHBIX TOKOBBIX UMITYJIECOB.

B HCTOYHMKAX MOIIHOCTH — FEHEPaTOpax CEepHU TO-
KOBBIX HMIIYJbCOB pabouue HampsDKeHHs JOCTATOYHO
HU3KH, TPEOOBAHUSA K CTAOMIBHOCTH CpaOaTHIBAHHS KOM-
MYTaTOPOB B YCJIOBUSIX CHHXPOHHM3HUPOBAHHBIX 3apsIHBIX
U Pa3psTHBIX TPOIECCOB MPHOOPETAIOT OCOOYI0 3HAYM-
MOCTB, CYIICCTBEHHO BO3PACTaeT 4YUCIO HEOOXOAUMBIX
NEPEKITIOYCHAHN B IICKTPUYECKHUX LETSX U AP.

CylecTByIOIIE HCTOYHIKH MOIITHOCTH, KaK paBH-
70, paboTalT B PEKMME OIHOKPATHOTO CHIIOBOIO BO3-
JeHCTBUS Ha 0OpabaThiBaeMblii 00bekT [4], uTo He maer
BO3MOKHOCTH KOHTPOJHMPOBATH Iporiecc 00padoTku. OHn
OYEHb TPOMO3JIKUE U ITOATOMY TPEOYIOTCS CyLIECTBEHHBIE
3aTpaThl Ha CO3aHHe KOMIUIEKCA 00OPYIOBAHHUS B LIEJIOM.
Crnenyer otmeruts, uto MUY, kortopelie pa3pabaThiBa-
much B 6b1BieM CCCP (a tereps B Poccun) mpoekTupo-
BAJIMCh HA KONEOATENbHBIA Pa3psaHBIA MMIYIbC (3aTy-
xarormast cuayconna) [1, 4], a ycraHoBku 3apyOexxHOTO
npomssoactea (CIIA, Uspanms, [epmanus) mpoeKTHpo-
BAJIUCh Ha allepUOANYECKUI pa3psIHBIA UMITYJIEC YHHIIO-

nsipaot (opmer [5-7]. JlaumbIi (akT 0oOyCIOBIEH pas-
mnaHeIMA mKoTaMu MUOM u, COOTBETCTBEHHO, pa3iiid-
HBIMH TEXHOJOTHYECKHMH OIEpalysIMH, IOX KOTOpBIE
MPOEKTHPOBAINCH KOHKPETHBIE HCTOYHHKH MOIIHOCTH.

Bce BbimenepedncineHHbie (GakTopsl CTABST MEPBO-
OUYEpEIHYIO 33/1ady 10 BHIOOPY KOMMYTaTOpPOB, CIIOCOD-
HBIX CTaOMIBHO BBIACPKUBATH OOJNBIINE TOKH NPU 33aJaH-
HOM, TIPUYEM OYEHB OOIBIIOM, KOIMYECTBE BKIIOUCHUN U
BBIKJIIOUECHHUH.

AHanu3 COBpeMEHHOH CTeHaIbHON TTEPHOIUKH T10-
Kazal, 4TO B Ka4eCTBE Pa3pAAHBIX KIIOYEH BMECTO BBICO-
KOBOJIFTHBIX KOMMYTaTOpPOB IIEJI€ECOO0Pa3HO HCIONb30-
BaThb OObIUHBIC THUpUCTOPBI. Ho, criemyer, mpu 3TOM,
ydecTh M MX HemocTaTkd. Kak mokazama mpakThka, HpH-
eMJIEMbIC TI0 [IEHE M XapaKTepPUCTHKaM THPHUCTOPHI BECh-
Ma YyBCTBUTEIBHBI K IIPEBBIIICHHIO HE TOJIBKO MPENENb-
HOT'O TOKa, HO M CKOPOCTH €ro Bo3pacranus [3-8].

Tak, obecrieueHne MPaKTUIECKOH IeecrtocOOHOCTH
WCTOYHMKA MOIIHOCTH — I'€HEepaTOopa MHOTOKPATHBIX TO-
KOBBIX MMITYJIbCOB B IIEJIOM TpPeOYeT MOBBILIIEHHUS YCTOM-
YUBOCTH pabOTHl KOMMYTAaTOPOB, OCOOEHHO B HEIITATHBIX
CUTYyallliX, BO3HHMKAIOIIMX B IIPOIECCE 3KCILTyaTaluu
YCTaHOBKH (aBapHiHBIN PEKUM, KOPOTKOE 3aMbIKaHHE B
TIeTTM Harpy3KH U 1p.).

Crnenyromasi BakHasi 3a/1a4a, 3TO 33/a4a CO3JaHMSA
3P GeKTHBHON  cHCTeMBI, OOBeAuHSIONEH (YHKIMA
YIPaBIEHUs, KOHTPOJIS W CHHXPOHH3AaLMK paboThl OC-
HOBHBIX OJIOKOB MCTOYHHKAa MOIIHOCTH B PEKUME I'CHE-
pPUPOBaHMS CEPUM W3 TIOCIEIOBATEIBHOCTH 3aJaHHOTO
YHCIIa TOKOBBIX UMITYJIBCOB, YTO, B KOHEYHOM UTOTE, JaéT
BO3MOJKHOCTb YNPABIISITH MPOLIECCOM CHIIOBOTO BO3ZCH-
CTBHSI HA 00pabaThIBacMbIil OOBEKT.

Henp HacTosIleii padoThl — aHAIN3 CXEMHBIX pe-
IMIEHWH 10 TOJKIIOYEHHUI0 WMHCTPYMEHTa MAarHUTHO-
UMITYJbCHOTO BO3JCHCTBHS K HCTOYHHKY MOITHOCTH.
PackprITHe OCHOBHBIX OCOOCHHOCTEH CHCTEMBI KOHTPOJIS
W YNpaBICHUs AJsI TEHEpaTopa MHOTOKPATHBIX TOKOBBIX
UMITYJIbCOB.

AJIbTepHATHBHBIE CXE€MbI MOIKJIKYEHHS] HHIYK-
TOPHOW CUCTEMBI — HHCTPYMEHTA B Pa3psiIHON LIeNH.
PaccMoTpuM HEKOTOpbIE BapHaHTBI 10 OOECIEUCHHIO
ycinoBuii  6e30macHOi pabOTBI AIIEMEHTOB Pa3psAHOTO
KOHTypa (B YaCTHOCTH THPHUCTOPHBIX KOMMYTATOPOB,
HanOoJiee YYBCTBUTEIBHBIX U YA3BUMbBIX K PE3KUM U3Me-
HEHMSIM TOKOB M HANPSDKCHHH) W MOBBIIICHAIO HAIEKHO-
cTH pabOTHI NCTOYHHKA MOITHOCTH B Texanke MIOM.
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Peup moiinér o0 anbTepHATHBHBIX CXEMax IOJAKIIO-
YEeHHUs Harpy3KH — WHAYKTOPHOH CHCTEMBI B Pa3psiIHOM
KOHTYpE, ITO3BOJSIOMNX (OPMHPOBAHHUE TOKOBBIX HM-
ITyJIECOB PA3JIMYHON BpeMEHHOH (OpPMBI.

[lepBast n3 HUX — 3TO HKCIIOHEHIMAIBHO 3aTyXaro-
mast cunycounna [1, 2]. CoberBeHHO cxeMa U reHepupye-
MBI CHTHAJI TIOKa3aHbl Ha puc. 1.

)
OV\ [\ .,
N\ t

Puc. 1. HemocpencTBeHHOE MOAKITIOUCHUE
HMHCTPYMEHTA — MHAYKTOPHON CUCTEMEI K 3JIEKTPHIECKOMY
BBIXOJLy HCTOYHHKA MOIIHOCTH, a) CXeMa HOIKITIOUeHHS,
6) BpeMeHHast hOpMa TeHEPUPYEMOro TOKa

MOIIHOCTH

— MHCTPYMEHT

K BbIXO1y HCTOUHHKA
WunykropHas cuctema

a

Tlapmonunueckoit GopmMe TOKOBOrO MMITYJIbCA COOT-
BETCTBYET TrapMOHHWYecKass (GpopMa HalpsuKeHHs Ha dJie-
MEHTaxX pa3psaHOrO KOHTypa. JIaHHBIM (akT O3Hayaer
HaJMYKe OCIMUIAIMHA BO BPEMEHH OTHOCHTEIBHO HYIIS.
IMocnenHee 00CTOSTENHLCTBO TOBOPUT O TOM, UTO aMILIH-
Ty/la HANpPsOKEHHS Ha THPUCTOPHOM Iepekiroyarese 6y-
ner npuHaexats quanazony —Umy < U < Upp (Ung, Une
— TEPBBI M BTOPOH MAKCHMYMBI, COOTBETCTBEHHO), UTO
MOKHO TPaKTOBATh KaK TOYTH YABOEHHE JEHCTBYIOIIETO
curHana [9].

ITo Toii e npudKHEe, HEAOCTATKOM KOJIEOATEIBHOIO
MpoLecca B Pa3psAAHOM KOHTYpE SIBISIETCSI CHIDKEHHUE pa-
0ouero pecypca KOHJICHCATOPOB B MCTOYHHKE MOIIHOCTH
[1,3,5,9].

N36exarh 3THX HETaTUBOB MOXKHO MEPEXOAOM OT
FAPMOHHUYECKOT0 K AalepHOJUYECKOMY TOKOBOMY HM-
mynbCy. OTCYTCTBHE BPEMEHHBIX OCIMILUISIINN B TIOCIEN-
HEM ClydYae O3HAa4YaeT YHUIOISIPHOCTh T€HEPHPYEMOro
curnaia. Ero gopMupoBaHue MOXXHO OCYIIECTBUTH C MO-
MOIIBIO CIEIYIONINX CXEMHBIX PEIICHUI MO MOJKITIoYe-
HUIO MHIYKTOPHON CHCTEMBI — HHCTPYMEHTA K UCTOYHH-
Ky momHocT [10].

IMepBoe M3 HUX — WCIOIb30BAHKUE BHIMPSIMHUTETLHO-
T'0 MOCTa M3 CHIIbHOTOYHBIX JHOIOB PHC. 2.
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Puc. 2. ®opMUpOBaHHE YHHUIIOISIPHOTO HMITYJIbCA B Pa3psAHON
LIETH € TIOMOIIBIO BBIIPSMHUTEIILHOIO MOCTA,
a) cxeMa IOAKITIoYeHusI, 6) BpeMeHHast Gpopma
TECHEPUPYEMOr0 TOKa

I[OCTOI/IHCTBO — CTPOroc OTCYTCTBUC BPCMCHHBIX
OCH,I/IJ'IJ'IHHI/Iﬁ OTHOCHUTCIIBHO HYJIA. HeﬂOCTaTOK — HEoOxo-

JIMMOCTD B YETBIPEX CHUIIBHOTOYHBIX TMOMIAX.

Bropoe pelieHue npennoyiara€T HCMIOJIb30BAHUE
CHUJILHOTOYHOI'O JWOJA JUIS CO3JaHMS COOCTBEHHOI'O KOH-
Typa, 3aMbIKAIOUIEr0 LENb HAarpy3KH MpH MOCTYIUIEHUH
OTPHIATENBHBIX TIONYBOJIH Pa3psaHOro Toka (Moau(pmKa-
us Kpoy-6ap cucrem), puc. 3 [5, 7, 8].

JIOCTOMHCTBO — OJIMH CHJILHOTOYHBIN muon. Hemo-
CTaTOK — TOSIBIICHHE, ITYCTh HEOOJBINNX, OTPUIIATEITHHBIX
OTHOCHUTEIIbHO HYJIS 3HAUEHUH Pa3psiIHOrO TOKA.
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Puc. 3. ®opMupoBaHHEe YHHUIIOISIPHOTO HMITYJIbCA B Pa3psAHON
LIETH € IOMOIIBIO BBIIPSMHUTEIILHOIO MOCTA,
a) cxeMa IOAKITIoYeHusI, 6) BpeMeHHast popma
TECHEPUPYEMOr0 TOKa

BeIBOA: mpeuIoKEHHBIE CXEMHBIE PEIIEHUS! MO MOJ-
KIIIOYEHHUIO MHCTPYMEHTA METO/Ia K UCTOYHHKY MOIIHOCTH
MIO3BOJISIIOT HA MPAKTHKE OCYLIECTBUTH BHIOOP IPHUEMIIEMO-
rO BapHaHTa 1o (OpMHUPOBAHUIO BPEMEHHOH (OpPMBI pa3-
PSAAHOIO TOKA, YTO MO3BOJISIET MOBBICUTh HAJEKHOCTH pa-
0O0TBI BCEr0 MarHWTHO-MMILYJIbCHOIO KOMILJIEKCA TIPH BBI-
MTOJTHEHUY IPOU3BOICTBEHHOIO 3aaHHUSL

Cucrema KOHTpoJIsi W ynpasJjenusi. [Ipenmarae-
MBIIf MCTOYHHMK MOIIHOCTH JOJDKEH padoTaTh B pexiMe
reHepaTopa MHOT'OKPaTHBIX TOKOBBIX HMITYJIECOB. VIHBIMI
CJIOBaMH, OH JIOJDKEH IOCTABJIATH B IIEIb pa3psaa CEpHI0
CHTHAJIOB, KOJMYECTBO KOTOPHIX OOECIIEUHT, B KOHEUHOM
UTOTE, YIPABIIEMOCTh MAarHUTHO-UMITYJIbCHOI'O CHIJIOBO-
TO BO3ACHCTBUS HAa 00padaThIBaeMbIil OOBEKT.

B oTnuume ot n3BECTHBIX UCTOYHMKOB MOIIHOCTH —
MarHUTHO-AMIYIBCHBIX ~ T€HEPaTOPOB  CHIBHOTOYHBIX
OJTHOKPATHBIX CHUTHAJIOB, MpeIaraeMblii HCTOYHUK MOII-
HOCTH 00Jamaer ToW OCOOEHHOCTBIO, KOTOpas CyIIe-
CTBEHHO TIOBBIIIAET 3HAYMMOCTh €r0 CHCTEM KOHTPOJIS H
yrpasnenus. [lomaepkHEM, 9TO OHM JOJKHBI HE TOIBKO
pErylMpoBaTh YPOBEHb 3apsia EMKOCTHBIX HAKONHUTEIEH
SHEPIHH, HO M BBIIOJHATH MHOXKECTBO IPYTUX (yHKIWI:
CHHXPOHHU3MPOBATH MPOIECCHl «3apsia-pa3psa», ycTaHaB-
JUBaTh TPeOyeMOE YHCIIO MMITYJIbCOB B CEpHH, OTOOpa-
JKaTh TEKYIyI0 MH(POPMALMIO O paboTe HCTOYHMKA MOIII-
HOCTH | JIp.

OnucaHHbIE TIPEIIOKEHNUS,, OOOCHOBAaHMS M CXEM-
HBIC DEIIEHHs 10 CHCTeME KOHTPOJII W YNpPAaBJICHUS, B
KOHEYHOM HTOTE, MO3BOJIMIN CO3/1aTh ACHCTBYIOUINI HC-
TOYHUK MOILIHOCTH — TEHEpaTop CepHidl W3 3aZaHHOTO
YHCIIa TOKOBBIX UMITYJIbCOB.

CTpykTypHasi cxemMa u HasHayeHume. Cucrema
KOHTpOJIs ¥ ynpasinennss MUY nomxHa obecrednBaTh:
® CCPHIHBIN PEeXXUM T'eHEpalyy pa3psaHbIX HUMITYIIbCOB
(or 1 mo 100 ummynscoB);
e yIpaBiIEMBbIH HpolecC 3apsiia W pa3psga KOHICHCA-
TOPHBIX OaTapeil YCTAaHOBKU 4epe3 0OMOTKY HHIYKTOPA;
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®  3aps/ KOHIEHCATOPHBIX Oarapell J0 3aJaHHOro Harpsi-
senns B quanaszore ot 200 B 10 2000 B (urar 50 B);

e (e30mMacHy0 paboTy CHIIOBBIX THPUCTOPOB B MMITYJIb-
CHOM DEKHME;

® yIpaBJeHHE W OTOOpa’KEeHWE OCHOBHBIX MapaMeTpoB
(HampspKeHWe 3apsna, KOJNMYECTBO IIMKIIOB, TEKYIIEe
HaIpPsDKEHNE KOHIECHCATOPa).

BBuay HEOOXOIMMOCTH BBIACPKHBATH Pa3THIHBIE
CTPOrO 3aJIaHHBIE BPEMEHHBIE HMHTEPBAJBI, OCHOBHEBIE
(GYHKIMK yTIpaBIICHHS OBUTM BO3JIOKEHBI Ha MHKPO-
KOHTPOJILIIED.

OGImast CTpyKTypa CHCTEMBI KOHTPOJS W yIIpaBJie-
nust MY npuBeneHa Ha puc. 4.

MK
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Puc. 4. CrpykrypHast cxema CHCTeMBI KOHTPOJIS 1 yrpasieHust MUY

Brok ympaBieHHs W WHIWKAIMKA OOCCIICUYNBACT WH-
Tepdeiic ormeparopa: BO3MOXHOCTH YIIPABICHUS 3apsil-
HBIM HAIPSHKCHUEM U KOJIMYECCTBOM ITOCIICIOBATEIBHBIX
[UKJIOB, a TaKKe OTOOpaKCHHWE TEKYIIEro HATpsHKCHHUS
KOHJEHCaTopa.

HenocpencteenHoe u3MepeHHE HANpPsDKEHUS Ha
koupeHcarope (~2 kB), maxe mocpeacTBOM pe3UCTHBHOTO
JICTIUTEINS], HE MPEICTaBIsETCS BO3MOXKHBIM, MOCKOJBKY
OUYEHb BBICOKA BEPOSITHOCTh BBIXO/A M3 CTPOSI aHAJIOro-
BEIX BXOJIOB MUKPOKOHTpoIuiepa. [loaTroMy s peamnm3a-
mun GYHKIUH BOIBTMETpa OblIa HWCIIONB30BaHA CXeMa
mpeoOpa3oBaTelns HalpsHKEHUE-9acToTa.

[IpeoOpa3oBaTens HaNpsHKEHHE-9acTOTa OTHOCHTCS
K KJIacCy HMHTETPHUPYIOMINX Tpeodpa3oBaTeiei, mo3IToMy
o0JTajaeT COOTBETCTBYIONIUMHE JIOCTOMHCTBAMIE: XOPOIIeH
TOYHOCTHIO TPH MHHHUMAILHOM 9YHCIE HEOOXOIUMBIX
MPELU3UOHHBIX KOMIIOHEHTOB, HU3KOW CTOMMOCTBIO, BBI-
COKOM IMOMEXO0YCTONYMBOCTBIO, MajlOd YYyBCTBUTEIBHO-
CThI0 K W3MCHCHMSM IHUTAIOMIETO HATPSHKCHHS, OTCYT-
ctBUeM 1uddepeHnInansHON HEMTHHEHHOCTH.

C nmenmuTens HalpsDKSHUST CUTHAI TIOCTYIAeT Ha BXOTT
mpeoOpa3oBaTelsi HANPsHKCHUE-4acTOTa, KOTOPHIA  Ha
BEIXOZIE (POPMHPYET YACTOTHBIN CHTHAI C TIPOIOPIIHO-
HaJNBHOI YacToToH. [lo 9acToTe cHrHaIa MUKPOKOHTPOJ-
JIep pacCUMTHIBACT HANPSHKEHHE Ha KOHICHCATOpE U
0oTOOpakaer ero Ha UHIMKATOpE.

s GopMupoBaHHS CHUTHAIOB YHIpaBICHUS THPH-
CTOpaMH MOCTa HEOOXOIMMO MMETh YeTKOE TpeACTaBJIe-
HHE O MOMCHTAaX Iepexo/ia HAIPsHKCHUS Yepe3 HOMb Kax-
moit (asel. Jlerekrop (a3 mpeacraBisieT coOoi TpHU cxe-
MBI (pUKCaIK TIepexola HAIpPSKCHUS dYepe3 HOJb, CO-
OpaHHEIC IO cXxeMe «3Be37a». Ha BBIXome Kakaol Takoi
CXEeMBl HAaXOIWTCS KOMIIAPAaTOp, KOTOPBIH (opMupyer
UQPOBOI CHTHAT TSI MUKPOKOHTpoiuiepa. Ha ocHoBa-
HUW TIOJIYICHHBIX CHTHAJIOB MHKPOKOHTPOJUIEP MPOH3BO-
JIUT OTCYET BPEMEHH, OTACITHHO IS KaXKIOH (a3bl, U BHI-

pabaThIBaeT YMpaBISIOMNKA CUTHAN A OTKPBITHS KOH-
KPETHOTO THPUCTOPA.

CunItoBbIe TOMYTPOBOAHMUKOBBIE THPHUCTOPHI HA TOKH
€AMHMIBI — JECATKA KWJIOAMIEpP HMEIOT JIOCTaTOYHO
Gonbmioit pasmep kpucramia (muamerpom 30...100 mMm),
YTO OMpEAeNseT OCOOCHHOCTh MX paboThI, 0OCOOCHHO KO-
I7la pedb uaeT 00 MMIYIbCHBIX pexnMmax. Bech mporeka-
IOIMUil Yepe3 THPHCTOP TOK JOJDKEH OBITh, IPAKTHIECKU
MTHOBEHHO M PAaBHOMEPHO PacHpeleiEH 10 BCEH MOBEPX-
HOCTH €ro Kpucramia. VlHaue JoKajdbHBIE HEOTXHOPOIHO-
CTH B CTPYKTYpE MOTYIPOBOAHUKOBBIX CIIOEB, HEN30EKHO
HMMEIOIINE MECTO B JTFOOOM TONXYIPOBOAHUKOBOM IMPHUO0-
pe, MOT'YT NPUBECTH K JIOKAJTHHBIM HOBPEXICHUSIM CTPYK-
TYpbI THPUCTOPA.

Jst obecriedenmss paBHOMEPHOT'O W OBICTPOTO pac-
MPOCTPaHEHMsI CUTHAJa YNPABICHUS B CXEME CHCTEMBI
yIpaBiaeHUsT ObUIM TPUMEHEHBI CIEHHUAIbHBIE CXEMBI
ZpaifBepOB YIpaBJIeHHsI THPHCTOpaMu (puc. 5).

HpaiiBep popMupyer MMITYIIEC TOKa YIIPABICHUS CIIe-
HUaIbHON (DOPMBI CO CKOPOCThIO HapacTanusi He meHee 10
A/MKC, 9TO TIO3BOJISIET THPUCTOPY MIHOBEHHO TIEPEXOIUTH B
npoBozsimiee cocTosHue. Ilapamerpsl (OpMBI MMITyIIBCA
TOKa YHPAaBICHHS ONpPECISIOTCS MO JIMHAMHYIECKONW IHa-
rpamMMe LENN YIpaBIeHNs] KOHKPETHOIO TUPHCTOPA.

[Ipu pabore MUY B pa3psmHOM KOHType MpOTeKa-
0T WMIIYJIbCHBIE TOKH, 3HAaUYEHHE KOTOPBIX JTOCTHIAeT
JIECSITKOB KMJIOAMIIEp, YTO HETATUBHO BIHSAET HA TOMEXO-
3aIUIIEHHOCTh MUKPOKOHTPOJUIEPA U CHCTEMBI yIIpaBie-
HUA B 1enoM. [l ymydmieHus 5TOro HEMajoBa)KHOTO
(akTopa MEXTy MUKPOKOHTPOJJIEPOM H OJIOKaMH CHCTe-
MBI ObllTa 3a7€HiCTBOBaHa ONTPOHHAs Pa3Bs3Ka, a TAKXKe
TIOJTHAs M30JISIIUS BCEX OJIOKOB 11O IMTAHUIO.

|
. + é_ Cxema :
nTaHiled_ DC/DC (opmupoBaHust I
: HMITyjIbca |
|
|
+Q— Cxema > J :
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| |
| | Boixon
| _(#
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Puc. 5. CrpykrypHas cxema IpaiiBepa yIpaBJIeHHS THPHCTOPOM

Cucrema kxoHTposisi M ynpasieHus MUY Taxxke
obecrieunBaeT pas3ps KOHAECHCATOPHBIX Oartapeil mocie
MIpeKpamieHnsi paboThl WM B Clydae HENpeIBHIICHHBIX
curyanmii (aBapHAHBIN PEKHM, MpOIAJaHUE IUTAHUS,
OOpBIB B LICTIH HATPY3KH H TIp.)

BBIBOJIbI

OCHOBHBIE pe3yJIbTaThl HACTOSIIEH PabOTHI CBOIAT-
Csl K CIENYIOIUM MOJIOKEHHSIM.

1. TlpoBeneH aHanM3 OCHOBHBIX JOCTIDKCHHH U
MyONUKanui TO pas3psiIHBIM - KITI0YaM B MCTOYHHKAX
MOIITHOCTH — MarHUTHO-UMITYJIbCHBIX YCTaHOBKaX

2. IlpennoskeHHBIE CXEMHBIEC PEIICHUS 110 MOJKIIIO-
YEHUI0 HMHCTPYMEHTAa MAarHUTHO-HMITYJbCHOIO BO3JEH-
CTBHSI K HCTOYHHKY MOIIHOCTH MO3BOJIIIOT Ha MPAKTUKE
OCYIIECTBUTH BHIOOP MPHUEMIIEMOTI'0 BapHaHTa Mo (hOopMHU-
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POBAHHIO BPEMEHHOM (hOpPMBI Pa3psAHOrO TOKA, YTO I103-
BOJISIET TIOBBICHTH HAJEXHOCTh pabOTHI BCEI'O MarHWTHO-
MMIYIBCHOTO KOMIUIEKCA IpPU BBINOJHEHUH IPOU3BOA-
CTBEHHOTO 3a/laHUsL.

3. ITlpemnoxxeHsl, 000CHOBaHbI U OMHCAHBI CXEMHBIE
pelIeHns IO CUCTEMaM KOHTPOJISL U YNPaBIICHHs, IpUMe-
HEHHE KOTOPBIX, B KOHEYHOM HUTOre, MO3BOJAT CO31ATh
JIEMCTBYIOIUI UCTOYHUK MOIIHOCTH — TE€HEPATOp CEpHH
13 3aJJaHHOTO YHCJIa TOKOBBIX UMITYIbCOB.

CITMCOK JIUTEPATYPhBI
1. Bensrit .B. CpaBouHMK IO MarHUTHO-MMITYJILCHOI 0Opa-
6orke metawios / bensiit U.B., ®epruk C.M., Xumenko JI.T. —
X. : Bumia mxona, 1977. — 189 c.
2. bateirun FO.B. BO3MOXXHOCTH MarHWTHO-UMITYJIbCHOH TeX-
HOJIOTWH JUTSI PUXTOBKH KY30BHBIX DJIEMEHTOB aBTOMOOMIICH /
10.B. bateirun, B.U. JlaBunckwii, I.C. Cepuxko, E.A. Yaruisi-
rud /| ®usnueckre W KOMIIBIOTEpHbIE TexHonorud, XHIIK
"OB/1", Xapskos 2007. — C. 352-355.
3. MaruuTtHo-uUMIylbcHas 00paboTka MeTtaioB. PedepaTus-
HbI# cOopauk Y.1. — Prokckuil MOMMTEXHUIECKUI HHCTUTYT. —
Pura, 1982. — 202 c.
4. Baterrma 10.B. VMmnynbcHble MarHWTHBIE TOMS JUISL TIPO-
TPECCUBHBIX TEXHOJIOTHH. MarHUTHO-MMITYJIbCHBIE TEXHOJIOTHI
JUTsL POPMOBKH KY30BHBIX JIEMEHTOB aBTOMOOMIISL: MOHOTpadust
/ 1O.B. Bateirun, A.B. T'raros, E.A. Yammrus. — Saarbriicken:
LAP LAMBERT Academic Publishing, 2012. — 208 c.
5. Baterur 10.B. VMmynbscHbIE MarHUTHBIE TOMST ST IIPOTpec-
CHBHBIX TEXHOJIOTHI. MarHUTHO-MMITy/IbCHBIE TEXHOJIOTHH Oec-
KOHTaKTHOW PUXTOBKM KY30BHBIX 3JIEMEHTOB aBTOMOOWIISI: MOHO-
rpadist / FO.B. barbmrun, A.B. Tmaros, E. A. Yamwmirud —
Saarbriicken: LAP LAMBERT Academic Publishing, 2012 — 242 c.
6. Need an electromagnetic dent remover on hand. Fluxtronic
offers the best: the Portable Flux 3 dent remover [Enexrponnii
pecypc] — 2009. — Pesxum mocrymy: www. fluxtronic.com.
7. Welcome to BETAG Innovation [ Enexrpornmuii pecype ] —
2012. — Pexxum moctymry: Www.beulentechnik.com.
8. TI'maroB A.B. MarHUTHO-UMIIyJIbCHAsE yCTAHOBKA — HCTOY-
HHUK MOIIHOCTH, 00€CIEeYHMBAIOIINN CEPUHHBIN PEKHM T'eHepa-
WH pa3psiaHeiX uMiyabcoB / A.B. T'naros, AM. JIpobunus //
Becrauk XHAJTY. — X.: XHAJTY, 2011. — Ne 55. — C. 130-134.
9. Uammu B.B. KoHCTpyKIMs MOIIHOTO HMMITYJIbCHOBHOpA-
[MOHHOTO MCTOYHHKA ceiicMudeckux BojH (MCB) u BbIGOp ero
OCHOBHBIX KOHCTPYKTHBHBIX Tapametpos / B.B. UBamms, U.M.
Yypxut // CHtoBbIE TIONTYTIPOBOAHUKOBBIE M UMITYJIbCHBIC DIIEK-
TpoMexaHH4YecKne INpeodpa3oBarenbHble ycrpoiicra. CO. cra-
teit. — Kyiiositues, 1976. — C. 17-24.
10. Tlar. 73733 Vkpainu, B21 ]I 26/14. Teneparop Garatopa3zoBux
YHIIOJSIPHUX IMITYIIBCIB CTPYMY JUISl MAarHITHO-IMITYJTIECHOI 00po0-
ki MetaniB / Barurin 10.B., Thatos A.B., Apryu 1I.B, Yarmmuriun
€.0., 3r06enko O.A., Ipobinai O.M; 3asiBHHK Ta MaTEHTOBIACHUK
XapKiBChKHIA Hall, aBTOM.~I0pOKH. YH-T. — Ne u 2012 02178 3asBi.
24.02.2012; orry6s. 10.10.2012, Broi. Nel9.

Bibliography (transliterated): 1. Belyj I.V. Spravochnik po magnitno-
impul'snoj obrabotke metallov / Belyj 1.V., Fertik S.M., Himenko L.T. -
H.: Vischa shkola, 1977. - 189 s. 2. Batygin Yu.V. Vozmozhnosti mag-
nitno-impul'snoj tehnologii dlya rihtovki kuzovnyh “elementov avtomo-
bilej / Yu.V. Batygin, V.l. Lavinskij, G.S. Serikov, E.A. Chaplygin //
Fizicheskie i komp'yuternye tehnologii, HNPK "F'ED", Har'kov 2007. -
S. 352-355. 3. Magnitno-impul'snaya obrabotka metallov. Referativnyj
sbornik Ch.1. - Rizhskij politehnicheskij institut. - Riga, 1982. - 202 s.

4. Batygin Yu.V. Impul'snye magnitnye polya dlya progressivnyh
tehnologij. Magnitno-impul'snye tehnologii dlya formovki kuzovnyh
“elementov avtomobilya: monografiya / Yu.V. Batygin, A.V. Gnatov,
E.A. Chaplygin. - Saarbriicken: LAP LAMBERT Academic Publishing,
2012. - 208 s. 5. Batygin Yu.V. Impul'snye magnitnye polya dlya progres-
sivnyh tehnologij. Magnitno-impul'snye tehnologii beskontaktnoj rihtovki
kuzovnyh “elementov avtomobilya: monografiya / Yu.V. Batygin, A.V.
Gnatov, E. A. Chaplygin. - Saarbriicken: LAP LAMBERT Academic Pub-
lishing, 2012 - 242 s. 6. Need an electromagnetic dent remover on hand.
Fluxtronic offers the best: the Portable Flux 3 dent remover [Elektronnij
resurs] - 2009. - Rezhim dostupu:  www.fluxtronic.com
<http://www.fluxtronic.com/product.php>. 7. Welcome to BETAG
Innovation [ Elektronnij resurs ] - 2012. - Rezhim dostupu:
www.beulentechnik.com <http://www.beulentechnik.com>. 8. Gnatov
A.V. Magnitno-impul'snaya ustanovka - istochnik moschnosti,
obespechivayuschij serijnyj rezhim generacii razryadnyh impul'sov /
A.V. Gnatov, A.M. Drobinin // Vestnik HNADU. - H.: HNADU, 2011. -
Ne 55. - S. 130-134. 9. Ivashin V.V. Konstrukciya moschnogo im-
pul'snovibracionnogo istochnika sejsmicheskih voln (ISV) i vybor ego
osnovnyh konstruktivnyh parametrov / V.V. lvashin, I.M. Churkin //
Silovye poluprovodnikovye i impul'snye ‘elektromehanicheskie
preobrazovatel'nye ustrojstva. Sb. statej. - Kujbyshev, 1976. - S. 17-24.
10. Pat. 73733 Ukraini, V21 D 26/14. Generator bagatorazovih unipolyarnih
impul'siv strumu dlya magnitno-impul'snoi obrobki metaliv / Batigin Yu.V.,
Gnatov A.V., Argun Sch.V, Chapligin €.0., Dzyubenko O.A., Drobinni
0.M; zayavnik ta patentovlasnik Harkivskij nac. avtom.-dorozhn. un-t. - Ne u
2012 02178 zayavl. 24.02.2012; opubl. 10.10.2012, Byul. Ne19.

Hocmynuna 19.12.2012

Apeyn lacana Banuxosua,
XapbKOBCKHI HAllMOHAJIbHBII
ABTOMOOHIIBHO-JOPOXKHBIH YHUBEPCUTET
kadenpa Guznku

61002, Xapekos, yi. IlerpoBckoro, 25
ten. (057) 700-368-53,

e-mail: shasyana@gmail.com

Argun Shs.V.

Working features of power source systems —a multiple
current pulse generator.

An analysis of circuit designs as to connecting a magnetic pulse
action tool to a power source has been carried out. Design fea-
tures of a magnetic pulse installation control and monitoring
system in a multiple current pulse mode have been revealed. The
description of the control and monitoring system block diagrams
has been presented.

Key words — magnetic-pulse metal working, magnetic pulse
installation, monitoring and control system, thyristors,
unipolar pulse.

ISSN 2074-272X. Enexmpomexnika i Enekmpomexanika. 2013. No2 ol



YK 621.3.022:537.311.8

M.U. bapanos, I"'M. Konuymko, B.H. KpaBuenko

IHOJNYYEHUE CTAHIAPTHBIX KOMMYTAIMOHHBIX AITIEPUOJIUYECKHUX
NMITYJIbCOB BBICOKOI'O U CBEPXBBICOKOI'O HAIIPAKEHUA
JIJISI HATYPHBIX UCTIBITAHUIA DJIEKTPOSHEPTETUYECKUX OB BEKTOB

Ilpugedeni pesynemamu ompumanns 6i0n06ioHo 00 eumoz mixcoepicasnozo 'OCT 1516.2-97 na modepnizoeanomy 6ucokoso-
NbmHOMY ycmamKy8aHuni excnepumenmanvrozo nonicony H/AIIKI “'"Monnia™ HTY " XIII'' ¢ 0eéoenekmpooniit nogimpaniii cuc-
memi "'2onKa-naockicms'' cmandapmuux Komymayiunux anepioouunux imnyascie nanpyzu uacoeoi gpopmu 205/1900 mxc amn-
aimyooro 0o 2 MB.

Ilpugedenst pe3yivmanot noayueHus 6 coomeemcmeuu ¢ mpedosanuamu mexczocyoapcmeennozo 'OCT 1516.2-97 na mooep-
HU3UPOBAHHOM 6bICOKOBOILINHOM 000PY008anuu IKcnepumenmanvrhozo nonuzona HUITKH ""Monnus' HTY "XIIH" ¢ 06yx-
INEKMPOOHOU 8030YWINOI cucmeme ''Uia-niockocmsy'' CcmaHOapmuulX KOMMYMAYUOHHBLIX ANEPUOOUUECKUX UMNYITbCOE

nanpsicenus epemennoii popmot 205/1900 mkc amnaumydoit 0o 2 MB.

BBEJIEHUE

[Tpu onpeneneHUN 3MEKTPUUYECKON MPOYHOCTH H30-
JSIOUU  PA3JIMYHBIX 3JIEKTPOIHEPTETHIECKUX OOBEKTOB
(HampuMep, BBIKITIOYATENCH, pPa3beANHHUTENCH, BBICOKO-
BOJIbTHBIX BBOJIOB, TPAaHC(OPMATOPOB TOKA, IMOIBECHBIX
W30JITOPOB M BO3IYIIHON M3OJSIIWH JIMHUHA 3JIEKTpOIIe-
pemaun u Jp.) ceiidac B COOTBETCTBHHU C TPEOOBAHHAMHU
MexrocymapcrBeHHoro I'OCT 1516.2-97 ucmons3yrores
TeHepaTOpBl CTAHIAPTHBIX KOMMYTaMOHHBIX arlepUOH-
YECKMX HMITYJIbCOB BBICOKOTO M CBEPXBBICOKOTO HAIpsi-
eHust BpeMeHHOM dopmbl T /7;,/~(250450)/(2500+750)
MKC, TA€ Tp, Ty — COOTBETCTBEHHO BpeMSs MOIAbEMa MM-
MyJbca HampsHKeHUs 10 cBoed ammntyasl Uy u mu-
TENBHOCTh TEHEPUPYEMOro HWMITYJIbCa HAMPSDKSHUs] Ha
yposHe 0,5-Up, [1, 2]. OGbI4HO MONSIPHOCTD ITHX UMITYIb-
COB BBIOMpAETCs MOJIOKUTENBHOM, 151 KOTOPOH TBepaas,
JKHZKas W ra30Basg H30JSIIHUA OOBEKTOB MPOMBIILICHHON
SIIEKTPORHEPTETUKHN MIMEET Hanbonee HU3KHME PaspsiiHbIC
SNIEKTPHUYECKNE TPAIUEHTHl U COOTBETCTBEHHO ITOHMKEH-
HYIO 3JIEKTpudecKyio mpounocts [2, 3]. [losromy co3na-
HHE TTOI00OHOT0 HCIIBITATEIFHOTO 3JIEKTPOOOOPYIOBAHHS
Ha BBICOKOE M OCOOEHHO CBEPXBBICOKOE HMITYJIECHOE
HaIpsHDKSHUE CONMPSHKEHO ¢ BeCcbMa OONBLIMMH TEXHHYE-
CKMMH TPYAHOCTSIMH, MATEPUaJbHBIMH H (PUHAHCOBBIMHU
3arpatamu. [Ipu pa3zpaboTtke, BEIOOpE 37IEMEHTHON 6a3bl 1
W3TOTOBJICHUH TaKHX T'CHEPATOPOB INIABHOW TPYAHOCTBIO
SBJIICTCSL OCNAOJICHHAs OJJIEKTPHYECKas IPOYHOCTh X
COOCTBEHHBIX M3OJILIMOHHBIX KOHCTPYKILHMH, HCIIBITHIBA-
IOIINX BO3JICHUCTBUE yKa3aHHOI'O MMITYJILCHOI'O HAlpsDKe-
HHSl MHKPO- M MIJUIMCEKYHIHOI'O BPEMEHHBIX IHara3o-
HOB. Kpome Toro, Tpedyercs OTMETHTH, YTO NPH TPOBE-
JCHUM HATYPHBIX MCIBITAHUH PA3IMYHBIX OOBEKTOB DJICK-
TPOIHEPTeTHKU Ha JIEKTPHIECKYIO NPOYHOCTh UX HU30JIS-
MM 9acTo TpeOYIOTCS TeHepaTOphl KOMMYTalMOHHBIX
UMITYJIbCOB ~ HAaNpPsHKEHHS — YKA3aHHBIX  aMIUTHTYIHO-
BpeMeHHBIX TapamerpoB (ABIT) HapyKHO# yCTaHOBKH.

1. TEXHUYECKUE XAPAKTEPUCTUKN
CO3JAHHOI'O TEHEPATOPA CTAHIAPTHBIX
KOMMYTALMOHHBIX AITEPUOAMYECKUX
NMITYJIbCOB HAIIPSDKEHUA

B HUIIKU "Monuus" HTY "XIIN" B 2012 rony
OBLJI CO3/1aH M BBE/ICH B ONBITHYIO SKCIUTYaTaIHIO TeHEePa-
TOp KOMMYTAITHOHHBIX UMITY/IECOB Hanpsokenus (IKIH),
MO3BOJSIFONIHI [IPOBOAUTH B IIOJEBBIX YCIOBHSAX HATYP-

HBIC WCTIBITAHMS PA3UYHBIX OOBEKTOB JIEKTPOIHEPreTH-
KN Ha BO3/EHCTBHE CTAaHAAPTHBIX ANEPHOANYECKUX M-
[yJIbCOB HAMPSUKCHHS TTOJOKHUTENbHON (OTpHLIATETbHOIM)
TIONIIPHOCTH BpeMeHHOM GopMbl T/7,~205/1900 Mkc mpu
ux ammuryae Uny 1o 2 MB. [lis ero co3aanust Hamu ObLT
WCTIONIb30BAaH MOJIEPHU3HPOBAHHBINA T€HEPATOP MMITYIIbC-
HBIX HanpspkeHwmid [ TTH-4 3takepodHOro THIIAa HA HOMH-
HalbHOE HampspkeHne 4 MB u HOMHHANBHYIO 3amacae-
Myro anekTpuaeckyro suepruro 1 Mk (puc. 1) [4, 5],
pa3MeIIeHHBI Ha OTKPHITOM BO3yX€ Ha MCCIEJOBATENb-
cko-skcnepuMmentanbaoM monurone HUITKUW "Momanst”
HTY "XITN" (1. Auapeeska, XapbKOBCKO# 00I1.).

Puc. 1. O6muii BuI reHepaTopa UMITYIbCHBIX HAIIPSHKCHUI
I'MH-4 na HoMuHanpHOE HanpspxeHne 4 MB 1 HomMuHABHYIO
3armacaeMyro dIEKTpUIeCcKyro sHepruro 1 M/JIx, BXomsiero B
cocras cozgarnoro 'KNH na Hanpsokerne Uy, 1o 2 MB [4, 5]

Bce HuskoomHbIe 3apsiaHble pesucTopbl R3=~500 Om
B KOJIMYECTBE 32 IITYK 3JIEKTPUUECKUX IIENIeH BCEX BBICO-
KOBOJIBTHBIX KackanoB remeparopa [MH-4 (puc. 2) npu
9TOM OBLIM 3aMEHEHBI Ha BBHICOKOOMHBIE, KXKIbII N3 KO-
TOPBIX HMeEJI aKkTUBHOE compoTuBieHre R3=~30 xOwm
(puc. 3) [6]. Haunsii TKWH, o6mumii Bux KOTOPOro mpu-
BEIeH Ha pHC. 4, CONEP)XUT B CBOEM COCTaBe. MOIIHBII
reneparop [ MIH-4 ¢ MonepHN3NPOBaHHBIMH 3apSIHBIMA
LEMsIMH 00EUX JIIEKTPHUYECKHUX IOJIIPHOCTEH Ha ITOCTO-
siHHOe 3apsinHoe HampspkeHue Us; mo +125 kB u cob-
CTBEHHBIM pa3psaHbIM conpoTuBieHueM Rpr~440 kOwm;
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Harpy3ounyo eMmkocts Cp=13,3 H® Ha HOMHHAJIBHOE
uUMITyJIbcHOE Hampsbkenue 3 MB; ¢opmupyromuii pesu-
crop Rg~4,28 kOM Ha HOMHHAILHOE WMITYJIECHOE
Hanpspkenue 2,5 MB; nononHUTENBHBIA pa3psIHbIL pe-
suctop Rp1=32,7 xOM Ha HOMHHAJIBLHOE HMITYJIbCHOE
Hanpspkenue 2,5 MB; TokoorpaHnmumMBarommii pesucTop
R1~4,59 xOM Ha HOMHMHaJILHOE UMITYJIbCHOE HAIPSDKECHHE
2,5 MB; oMu4eckuii JeTWTeNh MMITYJIBCHOTO HAmpshKe-
uust OJIH-2 coGctBeHHON pa3paOOTKM Ha HOMHHAJIBHOE
Hanpspxernne 2,5 MB.
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Puc. 2. Diexrpryeckas cxema 3aMeIlCHUs MOACPHU3UPOBAHHOT O
reHepaTopa NMITyIIbcHBIX Hanpspkenuit I TH-4, moxcoenuHeHHOrO
B cxeMe (pOpMHPOBAHIIS CTAHIAPTHBIX KOMMYTAIMOHHBIX
aIepPHOIMICCKIX IMITYJICOB HANPSDKEHNS K IOTIOTHUTEIIEHOMY
paspsmHOMY R;:1~32,7 KOM, dopmupyromemy Rg~4,28 kOm
U TOKOOr paHuurBarorieMy Ry~4,59 kOM pesucropam, Harpy304HON
emkocti Ciy=13,3 H® u OU — ABYXAJIEKTPOIHON CHUCTEME
"ATMa-TIOCKOCTE"' ¢ JJTMHHBIM BO3TYIITHBIM
Pa3pSHBIM IIPOMEKYTKOM

Puc. 3. OOmmuii BUi OCHOBHBIX 3JIEMCHTOB
MOEPHU3UPOBAHHOTO 3apsqHO-pa3psiaHoro Koutypa (3PK)
reaeparopa [ MH-4, comeprkariero B 3apsiTHBIX METISIX
MOJ0>KUTEIILHOM U OTPULIATENBHOM MOIAPHOCTEH CBOUX
BBICOKOBOJITHBIX KaCKaJOB 32 MITYKH BEICOKOOMHBIX
pe3ucropoB R3~30 kOm

- -aN\

Puc. 4. O6muii Bux reneparopa mist GOpMHUPOBAHIS
Ha aKTHBHO-WHIYKTHBHOH Harpy3ke CTaHAAPTHOTO

KOMMYTaI[IOHHOT'O allepPHOJMYECKOr0 UMITYIIbCa HAPSKCHUS
Bpemernoit Gpopmer 205/1900 mxe amrumurynoit Uy, 1o 2 MB
(cieBa BHHA U30JSLOHHAS OIIOpa C HATPY304YHOI EMKOCTHIO
Cy=13,3 H®, Kk BepxHEMY MTOTCHINAIEHOMY SJICKTPOY KOTOPOii
MOJICOeAMHEHBI (hopmupyrommii Ry~4,28 kOm
1 TOKoOrpanuunBaommii R1~4,59 kOM pe3ucTopsr)

Ha puc. 5 npexacraBiena anekTpudeckasl cxema 3a-
memenus paspsgHor uenu ['KWH, conepkamasi akTus-
Hoe conpotusieHue R;~107,3 kOM BBICOKOBOJIBETHOIO
IUIeYa OMHYECKOTO JIETUTEIISI UMITYJAbCHOTO HarpsDKEHUS
OJ1H-2 wmsrorosnenuss HATIKY "Monuaus™ HTY "XITN",
MOAKITIOYEHHOTO0 K BHIODAHHOMY HaMM OOBEKTY HCIBITa-
auit  (OM) — [ABYXOJIEKTPOMHOW cHCTeMe '‘Hria-
IUTOCKOCTB"' C JUTMHHBIM BO3IYIIHBIM Pa3psAHBIM IIPOMeE-
JKYTKOM.
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Puc. 5. [IpuHIunuansHas SIEKTpUYEcKas CXeMa 3aMeIleHUS
paspsauoii nenu I'KWH, gpopmupyromero na OU — qmuaHOM
Pa3psAHOM BO3AYIIHOM IPOMEXYTKE ABYXIJIEKTPOTHOH CHCTE-
MBI "UI1a-IIOCKOCTE" CTaHIapTHBIH KOMMYTAIIMOHHEIH arepu-
OJMIECKHUH MITYIIbC BBICOKOTO U CBEPXBBICOKOTO HANIPSKECHHS
00enX MEKTPUIECKUX NOISIPHOCTEH BpeMEHHON (hopMEI
Tl t,/~205/1900 mke ammuarynoit Uy, 1o 2 MB

I'eneparop 'MH-4 cormacHo cxeme Ha puc. 2 co-
JepxuT 16 mMTyK BEICOKOBOJIBTHRIX KackanoB Ha 250 kB,
KaXIbIii M3 KOTOPBIX MMEET BOCEMb HMITYJIbCHBIX KOH-
JICHCATOPOB B MeTajuueckoM kopryce Ttumna KBMI'-
125/1 (momuHansHOE Hanpspkenne 125 kB, HoOMuHAIBHASE
emrocts 1 Mr®) paspaborkn HATIKU "Monuus” HTY
"XITIN" n onuH HeympaBisieMbIH ABYXAJIEKTPOIHBIA BO3-
JIYITHBIN MIAPOBOM paspsitHUK F ¢ nmmamerpom 3mekTpo-
noB 125 mwm [4, 5)]. TlapamtenbHblii 3apsa JaHHBIX KOH-
JICHCATOPOB OCYILECTBIISIETCS OT MOIIHOTO BHICOKOBOJIBT-
Horo 3apsiaHoro ycrpoiictBa I'KMH uepe3 nenouku 3a-
psiaubix R3~30 kOMm (B konmuectBe 32 WITYK) U pas3psii-
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Heix Rp=110 kOm (B komuuecTBe 16 mMTYK) pe3ucTopoB
Ha HOMHHaNmbHOE HampspkeHue a0 500 kB. Kaxnerni uz
BBICOKOBOJIBTHBIX 3apsTHBIX PE3UCTOPOB R3 OBUT BBIION-
HEH Ha OCHOBE IIOCIIC/IOBATENILHO COCIMHEHHBIX W 3alH-
THIX JMOKCUAHBIM KommayHmoMm 100 mrTyk oOBEeMHBIX
rpaduro-kepamMuueckux pesucropoB TBO-5-300 Owm, a
KaXIIbIH paspsiHbIA pe3ucTop Rp — M3 MOCien0BaTeNbHO
COCIMHEHHBIX M 3aKPEIUICHHBIX HA TEeTWHAKCOBOM ILIa-
cruHe 50 mWTYK 00BEMHBIX rpaUTO-KEpaMHIECKUX PE3H-
cropoB TBO-10-2,2 kOwm.

IlepBast cekmyss BBICOKOBOJIBTHBIX KOHIECHCATOPOB
HIDKHETO 3Taka reHeparopa I'H-4 comeprkana ympasise-
MBI TPEXANEKTPOIHBIM BO3AYIIHBIM pa3psOHAK — TpH-
ratpor Fy [7] ¢ muamerpoM OCHOBHBIX MIAPOBBIX JIEKTPO-
J0B 125 MM, KOTOpBIM YIIpaBisercs MyTeM IMOAauH Ha ero
YIIPaBJISIOMMH 3JIEKTPOJ] BHICOKOBOJIETHOIO MHKPOCEKYH/I-
HOTO MMITyJIbca HampspkeHusi ammmrynoi no +10 kB or
reHeparopa myckoBeix umiyibcoB ([TIN) pa3paborku
HUIIKU "Momuus” HTY "XIIN" [8]. TlpuMeneHHbIH rete-
parop I'MH-4 B paspsinnoit merm I'KMH xapakrepusyercs
CIIEYIOIIMMH COOCTBEHHBIMH 3JIEKTPUYECKHM Iapamerpa-
Mu: "emkocTeio B pazpsne” C;~0,125 Mx®; WHIYKTHBHO-
crbio L;~80 Mk[ H; akTiBHBIM comporuBieHeM R/~4,5 Om,
ONpezIeNsieMbIM TOCIIEIOBATENFHO BKITIOYEHHBIMH TIPH Cpa-
GatpiBaniu reneparopa [MTH-4 ero neBSATHIO yCIIOKOWTEINb-
HpiMu (nemndupyrommmu) pesucropamu Ry~0,5 Om. M3o-
JSIMOHHAST HEeCYIasi KOHCTpYyKiws renepatopa 'TH-4 BbI-
TIOJTHEHA Ha OCHOBE 576 mTyk (papopoBBIX OMOPHBIX H30-
msropos KO-400C [4, 5].

Harpyzounas emxocts Cy=13,3 H® paspsiHOii nenn
I'KWH BoinonHena Ha ocHoBe 30 MITYK MOCIEI0BATEIBHO
BKJIFOYCHHBIX BBICOKOBOJIbTHBIX HMMITYJIbCHBIX KOHACHCA-
topoB Trra MK-100-0,4 (momunansHoe Hanpspkerne 100
kB, HomunaneHast emxocts 0,4 Mr®) [9], KoTopbie GBUTH
pa3MeleHsl Ha H3OJIAIMOHHOM ormope BbicoToi 11 M (mo
3 IITYKM Ha ee KaKIOU U3 JIECATH CEKIHii), COOpaHHOU W3
52 mryk ¢apdopoBeix omnopHbIX u3osTOpoB OHC-
110/1000 (puc. 6). Dopmupyronmii pesucrop Rqg~4,28
kOM mHo# 8,5 M BemonHen u3 40 mrTyk nocnenosa-
TEJIPHO BKJIFOUCHHBIX PE3HCTHUBHBIX IICTIOYEK, Ka)KIas W3
KOTOpEIX ObUTa coOpaHa W3 JABYX OOBEMHBIX rpadmuro-
Kkepamuieckux pesucropos TBO-60 Homuuanom 51 u 56
OM. JIOHmONHHUTENBHBINH pa3psamHbIi pesucTop Ry~32,7
kOMm gmusoit 10 M B Hamiem ciydae BeimonHeH u3 50
IITYK TIOCJEI0BATENbHO COSIMHEHHBIX PE3UCTHBHBIX IIe-
MOYeK, KaXAas M3 KOTOPBIX COCTOHT M3 ABYX OOBEMHBIX
rpadurto-kepamudeckux pesrucropos TBO-60 HomuHamom
100 u 560 Om. TokoorpannuuBaoimii peaucrop R~4,59
kOM aiuHON 9 M, 00ecrnevnBaroIuii MPOTEKaHUe B Pa3-
pansoii iern ['KWH mpu snekTpudeckom mpoboe BO3-
IOymHOro npoMexxyrka O anepuoanyeckoro UMITyibca
ToKa aMmruuTynou 1o 440 A, mo ananoruu ¢ HOpMHUPYIO-
UM pe3ucTopoM Ry Obut Bhimonaen w3 90 mTyk moce-
JIOBATEIbHO  BKJIIOYEHHBIX ~ OOBEMHBIX  rpaduTo-
kepamuueckux pe3ucropoB TBO-60-51 Owm.

BBICOKOBONBTHOE MIEYO MPUMEHEHHOI'O OMHYECKOI0
JenuTens uMITyibeHoro Hanpspkernst OJIH-2 (puc. 7) 6bI-
JIO BBINOJHEHO Ha OCHOBE JIEBSTH IOCIEHOBATEBHO CO-
€/IMHEHHBIX PE3UCTUBHBIX CEKIM 00mel uuHoM 12,6 M,
KaK/asi 13 KOTOPBIX Oblla M3rOTOBJICHA HA OCHOBE JBYX
NapaJuiebHbIX PE3UCTUBHBIX LEMoYeKk ¢ npumeneHneM 20
MTyK OOBEMHBIX TpPa(UTO-KEPAMHUIECKUX PE3UCTOPOB

TBO-10-2,4 kOm. H3mepennoe o0liee akKTUBHOE COIPO-
THBJICHHE BBICOKOBOJIBTHOIO IUIEYa AEIUTENS COCTABHIIO
R107,3 kOm. Hu3KOBONBTHOE IIIEUO HAIIETO OMUIECKO-
ro jgenurenst uMmnyiabcHoro Hampspkenuss OJ[H-2 Obuio
BBIIOJIHEHO W3 JABYX  MAJOMOLIHBIX  TIpaduto-
kepamuieckux pesuctopoB TBO-2-2 Om ¢ 001mmM aKTuB-
HbIM conpoTuBieHrneM 4 Om. [Ipu pacueTHoM K03 dumu-
ente penenus B OJAH-2 K;~26825 ¢ y4erom coriacoBaH-
HOTO TOJKIIFOYEHHSI OMHYECKOT0 IENUTEINST WMITYJIbCHOIO
Hanpspkeruss O/IH-2 k OU u tmdpoBomy ocrmmiorpady
ero MaciTaOHbli KO3(Q(QHUIUEHT B TPOBOAUMBIX JKCIIEPH-
MEeHTax ObUI IpuMepHO paBHBIM 2K;~53650.

JI—

Puc. 6. OOmmmii BUsI CO31aHHOM M YCTAaHOBJICHHOW
Ha CyLICCTBYIOIICH U30JLUOHHOM OIIOpe Harpy304HOI
emkoctu Cy=13,3 H® Ha HOMHUHAIILHOE UMITYJIECHOE
HanpsokeHre 3 MB, npuMeHeHHO# B pa3psaHoil nenu
ormmceiBaemoro I'KIH

e e S S

Puc. 7. O6mwmit Bun nenurenst OJJH-2 Ha HOMHHAIBHOE
Hanpspkerue 2,5 MB, noncoeiMHeHHOT0 B pa3psIHOi Hern
I'KHWH x ABYX2JEeKTpOIHOM CHCTEME "HIIIa-TIOCKOCTh '

3aMeTnM, 4TO Ha pHC. 7 ABYXDJIECKTPOIHAS CHCTEMa
"UII1a-TII0CKOCTh" MMea BO3LYIIHBINA IPOMEKYTOK UTH-
Ho 3 M. Ilpudem, BepxHHI KpYIIIBIA 3a0CTPEHHBII
CTaJIbHOM 3eKkTpon @ 25 MM JaHHOU JABYXIJICKTPOIHOM
cHCTeMbI ObII Pa3MeIleH 10 IIEHTPY €€ HWKHETO IIIOCKO-
IO 3JIEKTPOJA, BBITOIHEHHOIO U3 TOHKON OLMHKOBAHHOMN
CTamu ¢ raGapUTHBIMH pa3Mepamu 5x5 M2,
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2. HEKOTOPBIE PE3VYJIbTATHBI ITOJIYUEHI A
B PA3PSIJHOM LIEIIM CO3AHHOI'O TKWUH
KOMMYTALIMOHHBLIX AITEPUOJUYECKINX
NMITYJIbCOB HATIPSDKEHUA
Ha puc. 8 npuBenena ocumuiorpaMma HOJHOTO CTaH-
JIAPTHOrO KOMMYTAllMOHHOTO areproJMYEcKOro UMITYIIbCa
Hanpspkennst T7/7,=205/1900 MKC MONOKUTENBHOM TIOJIp-
HocTH TIpH ero ammumryae Uy~622 kB, momydenHas B pas-
psmaoit tiemn ['KMH Ha mByXaneKTpomHoi cucteme "Hria-
IJIOCKOCTH" € JUIMHOM BO3IYIIHOTO TPOMEXYTKa B 3 M
(cm. puc. 7). Ipu usmepennn ABIT dopmupyemsx TKH
Ha ucrionszyeMoM O MMIynbcoB HanpsbkeHus! ObUT TpH-
MEHEH OMHYECKHH IeNUTeNb HMITYJbCHOIO HANpsHKEHHST
O/IH-2 ¢ skpaHMpOBaHHON KaOENHHON JIMHHEH Iepenavn
TIOJIE3HOTO IEKTPIYECKOro CHTHANA THHOK 10 60 M 1 3a-
nomuHaronmii  udposoii  ocrmwiorpad  Tektronix TDS
1012, pasmemennsni Bmamn or [KWH B 3armyOneHHOM
SKPaHUPOBAHHOM H3MEPHUTEIEHOM OyHKepe.

Puc. 8. OcumsiorpaMma MoiHOr0 KOMMYTalHOHHOTO
aTepUOIMICCKOro UMITY/IbCA HAPSKEHHS TTONOKUTEIIBHON
MIOJISIPHOCTH Ha IBYXAIIEKTPOIHOMN CUCTEME "UriIa-TIOCKOCTh
C IIHHO# BO3AyIIHOro mpoMexyTka B 3 M (Us~+32 kB;
U622 B; T;~205 mxc; 7;,~1900 MKc; Macmtab 1o BepTHKAIN
— 268 kB/kieTka; Macmrrab o ropuzonTain — 250 MKC/KieTka)

Ha puc. 9 npencraBnena ocruyuiorpaMMa Hapacra-
IOIIEH YacTH IMOJHOTO CTAHJAPTHOTO KOMMYTAIMOHHOTO
aNepHoJUUECKOr0 MMITYJIbCa HANpPSKEHUS TTOJOXKUTENb-
Hoil moysipHocTH amrututynod Upn~966 kB (T;~205 mkc)
Ha JABYXAJIEKTPOAHON CHCTeMe "'MIIIa-IIOCKOCTh" coryac-
HO pHC. 7 C JJIMHON BO3AYIIHOTO MPOMEXYTKa B 3 M. 13
JIAaHHBIX pHc. 9 cienyer, 4To Ha (ppOHTE TeHEPHPYEMOTo ¢
nomompo MomHoro I'KWMH crammapTHOro kommyranu-
OHHOTO aIepPHOINYECKOr0 HMIIYJIbCA CBEPXBBICOKOTO
Hanpsokernst  (Un~966  kB)  Bpemennoit  dopmbl
Tilty=205/1900 wMkc wabmromaeTcss TMHKOOOPa3HBII
BCIUIECK JUTUTEIBHOCTBIO 10 7 MKC.

OTMeTHM, Y9TO 3TOT BCIUIECK HAIPSHKEHUSI 00YyCIIOB-
neH ocoOeHHocTsMHU paborsl reHeparopa [MH-4 wm3-3a
HaJIM4YUss B HEM MAacCCHBHOTO METAJUTMYECKOTO SKpaHa
(xpbimm) mwiomaasio 10 60 M’ H GHICTPOro 3apsma ero
Mapa3uTHONH €MKOCTH OT pa3psja MMITYIbCHBIX KOHZIEH-
caropoB C=1 Mk® Bcex KackaJoB NpH cpadaThIBAHUN
paspsaaukoB F; m F, ycranosnennsix B 3PK nanHOro
reHepaTopa UMITYJIbCHBIX HaIPsDKEHUH.

Ha puc. 10 mokazaHa ocrmmiorpaMma Cpe3aHHOTO
CTaHZAPTHOTO KOMMYTAaIMIOHHOTO AaNepHOIMIECKOTO HM-
MyJIbCa CBEPXBBICOKOTO HATIPSDKEHMUSI TTOTOXUTEITHHON I10-

JSIPHOCTH TP IPOOOE Ha €ro HapacTaloMIel YacTy BO3yIl-
HOT'O TIPOMEXXYTKa UTMHOH 3 M B HCIOJIB3YEMOM COrIacHO
puc. 7 IBYX3JIEKTPOJHON CHCTEME ''HIVIa-TUIOCKOCTh' . AT-
Moc(EpHBII BO3AYX HPH 3TOM XapaKTEPH30BAIICS CIIEYIO-
UMH  3a()MKCHPOBAHHBIMU TIapaMeTpaMu. TeMIepaTypon
~19 °C; naBnenneM ~741 MM PT. CT.; OTHOCHTEIHHOH BIIaXK-
HOcTBIO ~76 %. B 3TOM citydae MMITy/IbCHOE HAmpsDKEHHUE
cpe3a cocraBisuio Uc=1030 kB, a Bpems cpeza — T¢=110
MKc. Kpome Toro, BayKHO OTMETHTB, YTO W3-3a HAIMYHS B
pazpsanoit uerm coznanHoro I'KMH BeICOKOOMHOro TOKO-
orpannumBaromiero pesucropa Rr=4,59 kO mocne 3mek-
TPHYECKOro cpe3a Ha npoMexytke O reHepupyeMoro um-
MyJIbCA HANPSHKCHUS HA €ro KPUBOH OTCYTCTBYIOT Kakue-
6o koeGanust (cm. puc. 10).
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Puc. 9. OcuwiiorpaMma HapacTaroLIeH YacTH IOIHOTO
KOMMYTAI[OHHOTO allepPHONIECKOT0 UMITYIIECA HAPSDKEHUS
TIOJIOKHUTEITFHON MOTSIPHOCTH Ha ABYXJIEKTPOIHON CHCTEMe
"UrN1a-II0CKOCTh" ¢ IUTHHOM BO3/IYIIIHOTO IIPOMEXYTKa 3 M
(Ug=51 kB; U966 kB; T;~205 Mkc; Macuirab 1o BepTHKAIH
— 268 kB/kieTka; Macmrab mo ropuzorTain — 50 MKC/KiteTka)

Puc. 10. OcuusuiorpaMma cpe3aHHOro KOMMYTaIMOHHOTO
aTepUOIMICCKOro UMITY/IbCA HAPSKEHHS TTOIOKUTEIIBHON
MIOJIIPHOCTH TIPH SIIEKTPUIECKOM NTPOOOE BO3TYITHOTO
MPOMEXYTKA JUIMHON 3 M B IByXdJICKTPOAHOW CHCTEME
"urna-mockocts” (Uz=+60 kB; Uc=1030 kB; Tc=110 MKkc;
MaciuTab o Beprukany — 268 kB/knerka; Maciitad
o ropusonTam — 50 MKc/KieTka)

BBIBOJIbI
B HUIIKM "Monuus™ HTY "XIIN" na ocHOBE MoO-
JIEPHU3UPOBAHHOTO COTPYIHMKaMK oT/ena Neb renepartopa
I'MH-4 B 2012 rony ObL1 CO34aH MOLIHBIM CTAlMOHAPHBIN
TeHepaTop CTaHJAPTHBIX KOMMYTALMOHHBIX arepHoanye-
CKHX HMITYJIbCOB HAIPSUKCHUSI MOJOKHUTENRHON (OTpHIia-
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TENBHOM) MOJISIPHOCTH, CIIOCOOHBIH (POPMUPOBATH Ha AKTHB-
HO-MHAYKTHBHOW HAarpy3Ke HCIBITATEIbHBIE HMITYJIbCHI
HaIPSDKEHHUST BpeMeHHOU ¢opmbl  Tx/7;~205/1900 mxc ¢
ammmurynoit Uy 1o 2 MB. [lanHbIi reHepaTop Hapy:KHOW
YCTaHOBKH MOJKET OBITH HCITOJIB30BaH ISl NPOBEICHUS Ha
OTKPBITOM BO3JlyX€ HATYpPHBIX HCIIBITAHUM IEKTPUUECKON
MPOYHOCTH TBEPIOH, KUIKOM M ra30BOM M3OMIALUNA OCHOB-
HBIX OOBEKTOB MPOMBIIUICHHONW 3IEKTPOIHEPTETHKN K BO3-
JIEHCTBUIO HA HUX KOMMYTAIIMOHHBIX MIEPEHANPSHKCHUH aM-
mwmrynoit ot coteH 1o 2000 kB.
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Baranov M.1., Koliushko G.M., Kravchenko V.I.

Generation of standard switching aperiodic impulses

of high and superhigh voltage for full-scale tests

of electrical power objects.

Results of generation of standard switching aperiodic impulses
of 205/1900-ps upto-2-MV voltage in a double-electrode “nee-
dle-plane” air system are presented. The impulse generation
complies with requirements of intergovernmental State Standard
1516.2-97, rebuilt high-voltage equipment of the experimental
ground of NTU "KhPI" Reseach & Design Institute "Molniya"
used.

Key words — switching impulses of high and superhigh
voltage, full-scale tests, electrical power objects.
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BIIJIUB KOHCTPYKTUBHUX TA TEXHOJIOI'TYHUX HEOJJHOPITHOCTEHN
HA XBUJIbBOBUU OIIP KOAKCIAJIBHUX PANIOYACTOTHUX KABEJIIB

Koaxkcianvni abonenmcoki padiouacmomui Kabeni 6iOHOCAMbCA 00 Kamezopii elemMeHmie Mepexc KadenbHozo menedaueHts,
napamempu AKUX 3HAYHOW MIPOI0 6U3HAUAIOMb MOMCIUGOCHI cucmemu 6 yinomy. Pozwupenns cnekmpy pobouux uacmom
kabenie 0o 1000 MTI'y, nepedaua wugposux menesiziinux cCUZHAIE MA CUSHATIE MOGIEHHs, RPOBAOINCEHHs MeleOauenHs
6UCOKOI uimKocmi, — 6ce ye 0OYMOBJIIOE DIiIbl HCOPCMKI BUMO2U 00 X8UNBLOBO2O ONOPY, A 3HAUUMb | 00 KOHCMPYKYIT Kabenis.
Bcmanoeneni Hopmu Ha 6i0XUNEeHHA X6UIb08020 ONOPY AOOHEHMCLKUX Kadenie He 6i0n06i0aroms CyuacHoMy CIAHY 6UMOZ Ol
HAOAHHA KOMNIEKCYy AKICHUX inmepakmuenux nociye. Ha ocnosi euxonanux po3paxynkie o6rpynmoeano 3HaueHHA 6i0XUneHb
diamempieé 306HIUIHL020 MA GHYMPIUWIHLO20 NPOGIOHUKIE, A MAKOMC OieNeKMmpUuuHoi npoHuKHocmi mamepiany izonauii. /Ina
CYUACHUX AOOHEHMCLKUX PAOiOYACHOMHUX KADelié 6i0XUNIEHHA X6UNb0B020 ONOPY 6i0 HOPMOBAHO20 CEPEOHbOZO 3HAYEHHA 15
Om ne nosunno nepesuwiysamu * 2 Om.

Koakcuanvuvle abonenmckue paouoyacmommuple Kadeau OMHOCAMCA K Kamezopuu 3INeMeHmoe cemeil KabdenibHO20
meneguoeHUs, NApaMempsl KOMOPLIX CYU,eCHIBEHHO ONPeOeAIOm 803MOMNCHOCHU cucmembl 8 yenom. Pacuiupenue cnexkmpa
paoouux uacmom kabeneii 0o 1000 MIy, nepedaua uugpoevix menegUIUOHHBIX CUZHANL08 U CUCHAI08 38YK08020
CONnpPoGodICcOeHUs, 6HEOPEeHUE MeIeGUOCHUA 6bICOKOU YeMKOCMU, — 00yclasnuearom donee yHcecmkue mpedosanus K 601H0BOMY
CONPOMUGNENHUIO, A 3HAUUM U K KOHCMPYKYUU Kabeneii. YCmanoenennovle HopmMsl HA OMKIOHEHUS B0JIHOGO20 CONPOMUBIEHUS
abonenmcKkux Kabeneii He O0MGeYAIOM COBPEMEHHOMY COCHIOAHUIO MPefosanuii O01a NPeooCcmaenenus KOoMNIeKca
unmepaxmuenwix yciye. Ha ocnose gvinonnennsix pacuenog 060cHo6ansl 3Ha4eHUs OnKI0OHEHUI OUAMEMPOE GHYMPEHHEe20 U
GHewinez0 NPOBOOHUKO8, A MAKdHce OUIIEKMPUUECKOU NpOHUUaAeMocmu mamepuana u3zonayuu. Jna coepemeHHbIX
AbOHEHMCKUX PAOUOUacmomHbIX Kabenell OmKIoOHeHUue 60IH08020 CORPOMUGTEHUA OM HOPMUPOBAHHO020 CPeOHe20 3HaUeHUA 15
Om He donxcno npegviuiams * 2 Om.

BCTVII

[HTeHCHBHE BNPOBAIKEHHSI ONTHYHMX KaOemiB B
iH(pOpMAaLiHHI MepeXi Hi B IKOMY pa3i HE 3HIMAE MMUTAHHS
BIZTHOCHO 3aCTOCYBaHHs KOaKCialbHHX KaOeiB i, B mepiry
gyepry, aboHeHTChKUX. Bin miei kabenbHOI iH(pacTpykTypn
3ICKNATh SIKICTh OTPUMAHHX SK aHAJIOrOBUX, TaK 1
M (pOBUX CHTHAIIB.

Tak, kabempHa iH(paCTpyKTypa Mepex KaOeabHOro
TeneOaueHHsT TOBHICTIO BIUI3EPKAIIOE €TAlM  PO3BUTKY
TEXHOJIOTIH KaOenpHOro TejredayeHHs: Bil aHAJIOrOBOI - 110
mudpoBoi.  BimmoBimHO 70  IBOrO B MEpexi
BIIPOB3/DKYBAJIMCh BCE OUIBII JTOCKOHAT KOHCTPYKIIl
MariCTpabHUX Ka0eiB: BiJl KOAKCIATBHAX — IO ONITUYHUX.
OntuuHi Kabemi 3aCTOCOBYIOTH B SIKOCTI MariCTpalbHUX,
npu 00'€IHaHHI KOAaKCIaJIbHUX CETMEHTIB, TPHU PO3BHUTKY
JIOJATKOBUX cepBiciB. Tak 3'sBHacs KOHIIETIISI T1OpHIHOL
BOJIOKOHHO-KOakcianbHol Mepexi [1].

BomHouac mepexinm no nmdpoBoro TenebadeHHS
Hakjagae TaKoX BHCOKI BHMOTH, B NEpLIy 4epry, Jo

KOoakciampHOI ~ KabempHOI  iHppacTpykTypu.  AJpke
muppoBe  TeneOadeHHS —  IHTEpPaKTWBHE,  HAaJlae
MOXJIMBICTE  Tleperjsimy  0Oaratb0X  TporpaM, Mae

MiIBUINCHY SKICTh mpuiioMy. Takum dYWHOM, Tepemada
IU(PPOBHUX TENEBI3IMHUX CUTHANIB Ta CUTHAJIIB MOBIICHHS,
BITPOBAKECHHS TenebadeHHs BHCOKOT YITKOCTI,
O0YMOBITIOFOTH OUTBII KOPCTKI BHUMOTH OO TapaMeTpiB
nepeayi, HacamIepes, 10 XBUJIbLOBOIO OMOPY, a 3HAYUTh
1 IO KOHCTPYKIIi1 aDOHEHTCHKUX Palio4acTOTHUX KaOeliB.
Amxe yi kabeni gioHocAMbCA 00 Kamezopii enemenmis,
napamempu  AKUX 3HAUHOI MIpOI0  GU3HAYAIONLL
Modxcnueocmi  cucmemu 6 yinomy. AOOHCHTCHKI
pamiodacToTHi KaOeni TOBMHHI 3a0e3MeunTH Iepenady
curHaiiB B crmektpi yactor mo 1000 MTI'u. Ile, tak 6u
MOBHTH, "ocTaHHI ~ MmISI ~ Mepex  KabOelmpHOro
TenebaueHHs. AKTYalbHICTh PO3DISAY [BOTO ITHTAHHS
MOB’si3aHA 3 THM, OO0 KaOelmbHI MiAmpueMCTBa YKpaiHU
BUITYCKAIOTh TaKi Kabedi.

MeTtow craTri € OOIpYHTYBaHHA JOIYCKiB Ha
BiIXHJICHHS XBUIIBOBOT'O ormopy  abOOHEHTCHKHX

pamiovyacTOTHHX KaOediB B TPOIECi BUTOTOBICHHS Ha
OCHOBI1 YHCEIHHHUX PO3PAXYHKIB.

Koakcianbhni pagiouactorHi kaderi

Koaxcianoni kabeni @ionocamuvca 00 Kamezopii
eleMenmie, napamempu  AKUX 3HAYHOIW  MIpOIO
SU3HAUAIOMb MOMNCIUBOCHI cucmemu 6 uinomy. Y
3B'SI3Ky 3 MM KaOeni TMOBWHHI MaTH JIOCHTh HH3BKE
3aracaHs y po0OYOMYy [iama3oHi YacTOT, BHCOKY
OTHOPIMHICTh XBHWJIHOBOTO OIOPY 1 €KpaHHE 3aracaHHs,
MEXaHIYHy MIOHICTP 1  CTIHKICTP 110  BIDIHBY
HaBKOJIMITHBOTO CEPEIOBHUINA, BHUCOKY EKOHOMIYHICTB 1
TEXHOJIOTIUHICTh BUTOTOBJICHHS [2].

3a3HayeHNM  BHMOTaM  33JI0BOJIbHSIE€  IIHMPOKa
HOMEHKJIaTypa KaOeliB, sIKi YMOBHO MOXKHA PO3JILUIATH Ha
3  kareropii  (tabm. 1)  maricrpambHi,  sKi
BHKOPHCTOBYIOTBCS UTSI TO/AYi CHTHANIB BiJ TOIOBHOI
crammii 70 cyOmaricTpanpHux JtiHil  (puc.  1,a);
pO3TONiTBYi, SKi 3aCTOCOBYIOTHCS B CyOMaricTpaibHHUX
JMHIAX Ta HIAX JOMOBHX PO3MOMUTFYAX MEPEK;
a0OHEHTCHKI, SIKI IPU3HAYCH] IS T IKITFOYEeHHS KiHIIeBUX
npucTpoiB (puc. 1,0).

Puc. 1

B T1abnm. 1 mHaBeneHi [OMYCKM HAa BiJIXHJICHHS
3HA4YeHb XBHJIHOBOT'O OIIOPY BiA HOMiHaibHOTO 75 OM. lo
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YyHucila  HAMOUIBII  BaXJIMBHX  IapaMeTpiB  KabeliB
BIJHOCSATHCS 3aracaHHs eKpaHyBaHHS, BiJl 3HAYCHHS
SIKOTO 3aJIKUTh BIJHOLICHHS CHTHAJIY JIO HAaBEICHOI
nepenikoay. BcTaHoBIEeHO, IO NPU CTBOPEHHI CHUCTEM B
paiionax 3 Hanpyxkenictio noist 100 mMB/M morpiGHi
Ka0edi 3 3aracaHHsAM ekpaHyBaHHS He MeHie 60 ab.

Tabmums 1
Kareropii xabeiB B 3aJIe:KHOCTI BiJ| 3aracaHHs
Jomycrume Jomycrume Obnacts
3aracaHHsl oL Ha BIIXHIICHHS 3aCTOCYBaHHS
gactoti 200  |XBHIIBOBOTO OIOPY
MTI ', 15/100M, | BiZ HOMiHAJIBHOTO
He OlbIie 3HaueHHs1, OM
2,5 +2 MaricTpainsHi JiHii
CyOMaricTpalbHi JHHil
2,5..4 2 yomaricrpansai
1 OyauHKOBI
4...8 +25 Posmominpui minii
8...13 +3 Posmopinpui miHil
13...21 +5 AOOHEHTCHKI JiHil

OcHOBHI NapaMeTpH KoakciaJbHUX KaleiB

KoakcianpHi kabeni  XapaKTepU3YyIOTbCS — PsIOM
rapameTpiB, sIKi MOXYTb OyTH pO3IUIEHI Ha Mapamerpu
CTaHJapTHU3AIli, KOHCTPYKTHBHI, TEXHOJIOTTYHI,
eNeKTPUYHI,  MEXaHi4yHi, KJIIMaTW4Hi, [apameTpu
HaJIHHOCTI Ta SIKOCTI.

Jlo rpymu nmapamerpiB cTaHIapTH3amii BKIIOYAETHCSI
Mapka Kabeno, HoMep TeXHIYHUX yMOB. KoHCTpyKTHBHI
rapamMeTpu — 1€ ONKC MarepiaiiB, po3MIpiB Ta Macu
OKpeMux eneMeHTiB. Jlo  eJeKTpMYHUX  HaJeXaTh
NIEpBUHHI 1 BTOPUHHI HapaMmeTpu Iepenadi, mapamerpu
expanyBaHHs [2]. Jlust pagio4acTOTHHX KOAKCialbHUX
KabeniB HaWHOINBII BaXIJWBI ENEKTPUYHI IAapaMeTpu:
XBWIbOBHH  omip Z,  KoedimieHT 3aracaHHI 0,
CJICKTPUYHUI OIp NPOBITHUKIB R,,, €NEKTpUYHUI omip
i3omsmii R;;, emexkrtpuyna emHicth C,, Ta TPOBITHICTH
i3omsmii - Gy, IHOyKTHBHICTH L, omp 3B'S3kKy Z,
KoeiImieHT BiAOMTTS, KOeQIMi€HT CTOAY0I  XBHII,
HEpiBHOMIPHICTh YaCTOTHUX XapaKTEPUCTHK 3aracaHHs i
¢bazu, crpykrypHi 3Bopori Brparu (SRL, puc. 2).

Jltst po3paxyHKy KOHCTPYKIIi KaOernro, BU3SHAYCHHS
HOro MakCHMaJbHUX MOXJIMBOCTEH KpiM Jiamerpa
i3011mii 1 XBIJIBOBOTO OMOpY Tpeba 3HATH E€KBIBAaJICHTHY

JUEeNeKTpUYHy TPOHHUKHICTh, MAiaMeTp BHYTPIIIHBOIO
npoBigHuKa (puc. 3).
Bropunni mapamerpm Z, — XBWIBOBHH omip 1

Koe(iIi€HT 3aracaHHs ¢ — ITUPOKO BUKOPHCTOBYIOTHCS JUIS
OLIHKH EKCIUTyaTallifHuX 1 TEXHIYHHWX SKOCTell Kabelro.
XBuUmbOBHH OMp — IHAWBiAyalnbHa XapaKTEPHUCTHKA

Ka0emro, IO BHW3HAYAETHCS KOHCTPYKIEIO Kabemo i
Marepiajamy,  SIKi  3aCTOCOBYIOTbCS ~ IIpH  HOTO
BurotoBneHHi. ILlg  XapakTepucTMka  BH3HAYAETHCS
TIEPBUHHUMH TIapamMeTpaMu Kabeo:

Om. Q)

OCKIJIbKY ITEpBUHHI TapaMeTpH KaOeIro — Y4aCTOTHO-
3aJIeKHI, TO XBWIBOBHH ONIp TaKOX 3aJEXHUTh BiX
yacToTd. B 005acTi BUCOKMX 4acTOT XBMJILOBHH OIip Mae
aKTUBHUH xapakTep (puc. 4):

Ze=\c. . @)

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
MHz

Puc. 2
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yosHymp=2,7 mm;
=03 mm
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10 10 STy 10
Puc. 4
Ha puc. 5 HaBemeHO pO3paxyHKOBI YacTOTHI
3anekHOCTI  Koegimienty 3aracamus (kpuBa 1) B

a0OHEHTCHKOMY PajioyacTOTHOMY Kabesi 3 BHYTPIIIHIM
niamerpoM 2r, = 0,72 mm, miamerpom Mo i3omsmii 2r; =
3,5 mm. TlpoBimauku — wmimHi. KpuBa 3 — BTpatm B
MeTalleBUX YacThHax kaOemro; kpusi 3, 1d, 2d, 3d
BTPATH B MICNEKTPUKY TPH Pi3HUX 3HAYCHHSIX BiITHOCHOI
JUEeNeKTpUYHOI TNPOHMKHOCTI MaTepianmy i3omsmii Ta
TaHTe€HCY KyTa JieJEeKTpUYHMX BTpaT (KpuBa 2 — s
CYIIUTBHOI TIONieTHIEHOBOI i30msmii, kpuBi 1d Ta 2d — s
crmiHeHOi (I3WYHMM METOAOM 130JAIlii Ha OCHOBI
noieTnieny abo (hTOpBMICHUX KaOENbHUX KOMITO3MILIH:
50 % Ta 80 % HamoBHEHHS a30TOM BiAMOBiAHO). Takum
YHHOM, KOe(DIIli€HT 3aracaHHs 3aJeKUTh BiJl KOHCTPYKIIT
Ka0eImo, MaTepiaiiB MPOBIAHUKIB, 130IIlil. XBUIbOBHUMA
omip — OINbII 3aranbHa XapaKTEPUCTHKAa KOAaKCiaTbHUX
pazmiodacToTHuX KabeniB (nuBuch Tabm. 1).

HamneBHo, 10 po3mMpeHHs CIIEKTPY pOOOUYHX 4acTOT
KaOeniB, mepenada IUQPOBHUX TENEBI3IMHUX CHUTHAINIB Ta
CHUTHAIIIB  MOBIICHHS, BIIPOBaDKEHHA  TeleOadeHHS
BHCOKOI HITKOCTi, — OOYMOBIIOIOTH OULTBII JKOPCTKI
BUMOTH JIO XBHWJIHOBOTO OIOpY, a 3HAYUTh 1 JO
KOHCTPYKil kabemnis [3-4].
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Honycku Ha 6i0XunleHHA X8UIb06020 ONOPY
abonenmcoKux Kabenie, AKi npu 6cix cxemax nooyoosu
Mepexyc  KabenbHo20 — menedayeHHs HeoOMIHHO
3anumameca  Ona  NIOKIIOYEeHHA  menesi3iliHux
npuiimayuie, NOGUHHI Oymu nepeiAHYmMi 6 MeHuLy
cmopony (Oueucv maén. 1). Ile, max 6u moseumu,
"ocmanna muna'' meperic KadenIbHO20 menedaueHHA.

BB BiIXuiIeHHsI TeOMeTPHYHHUX PO3MipiB Ta
AieJIeKTPUYHOI TNPOHHKHOCTI HAa XBWJIBOBHH omip
PafioyacToTHOro0 Kade/1o

OmnuM 13 HafBayJIMBIMX — (akToOpiB  mpH
eKCITyaTallii KoakcialbHUX pajio4acTOTHUX KaOemiB
Mepexi  KaOempbHOro — TeneOaueHHS €  3a0e3nedeHHs

SIKICHOTO TIpUiioMy HIH(POBHX CHUTHAJIB, CIEKTp SKHX
3HAYHO MIMPIINH, HIX y aHAJOTOBUX. A Il TIPU3BOJUTH
JIO TOTO, IO XapaKTEPUCTUKH OHOPITHOCTI XBHIHOBOT'O
oropy, TOOTO BIIXWICHHS BiJ CEpeIHbOrO 3HAYCHHS,
MIOBUHHI OYTH MEHIINMU.

BigxuneHHs XBWJIBOBOTO OINOPY OOYMOBJIGHO, ITIO-
mepie, SIKICTIO TPOBIJHUKIB Ta ENEKTPOi3OJSMiHHUX
MaTepiamiB, SKi 3aCTOCOBYIOTHCS ISl BUTOTOBIICHHS
Kabero, a Mo-Apyre, TEXHOJIOTIYHHUMH OCOOIMBOCTSIMU,
SK Ha cTrajii BUTOTOBJICHHS CaMoro Kabemo, Tak 1 Ha
cTajii MOHTaXy KabenbHOI cucTeMH B Mepexi. B xabemi
3aBXKIM € BIAXWICHHSA BiJ 1€albHOI KOHCTPYKIIi, SKi
TIPOSIBIISIFOTECS. B BiIXWJICHHI iaMeTPiB MPOBITHUKIB Bif
HOMIHAJBHUX 3HAY€Hb, TPOBIHUKH PO3TAIIOBYIOTHCS HE
CTPOrO KOakciajbHa, 3MIHIOETHCS (hopMa iX Tmepepisy,
JieNeKTPUIHA MPOHUKHICTP 13011 TI0 TOBII 130JIAIIIT Ta
M0 JOBXMHI Kabemo — 3MIHIOEThCsS. MOXKIMBO TaKOX
po3TamryBaHHsS — TPOBIAHUKIB 3  €KCIEHTPHUCHTETOM,
MIPOBITHAKM Ta cama i30JIIisl MAIOTh ENINTHYHY (HopMy.
Taki nedexTn BH3HAYAIOTBCA  SIK  KOHCTPYKTHBHI
HeozHopiHOCTI. [lehopmoBaHmii KOakcianbHUNA KaOenmb €
HEO/HOPITHOIO ~ JIHIEIO, B SKIM  CIIOCTEPIraroThes
IOIaTKoBi BrpatH (puc. 2).

OWiHUMO  BIAXWIECHHS XBWJIBOBOTO  ONOPY B
3aNIeKHOCTI BiJl BIAXWICHB [iaMETpiB TPOBITHHUKIB Ta
JICEKTPUIHOI TMPOHUKHOCTI BiJ HOMiIHANBHUX 3HAYCHb.
XBWIBOBHIT OMip Ul BHUCOKOYACTOTHOTO Jliala3oHy
(bopmyna 2) 3 ypaxyBaHHSM (HOPMYJT ISl 30BHIIIHBOT
IHIYKTHBHOCTI

_ Hop Top
ka = Leyeum - Inr_
a
Ta pobOY0i EMHOCTI

— 2”80831(3
KK —

¢ r
In-¢

fa

MOJKe OyTH 3aIMCaHO Y BUATIISI

2, ==l )f(eo 2) In 2 3)
2 rp,
Ie Lo =47-10” Tu/M — MarniTHa cTajia, €, :8,85-10'12 D/m —
JUENeKTpUYHA ~CTaNa, & — CKBIBAICHTHA BiJHOCHA
JIENeKTpUYHa TIPOHMKHICT MaTepialy i30imii, [ —
MarfiTHa TIPOHMKHICTH MaTepiaqy mpoBigHUKa (Wit
JiaMarHeTHKIB — MiJli i TapaMarHeTHKiB — ATOMIHIF0 pu=1).
TakuM 9MHOM, BiIXWJIEHHS XBHJIBOBOTO onopy +AZ,
3aNICKATh BiJl BIAXWICHHS JiaMETpiB  30BHIMIHBOTO
+A(2r;) Ta BHyTpimHbOrO +A(2r,) MPOBIAHKKIB, a TAKOXK
JIeNeKTPUIHOT TPOHUKHOCTI +Ag, !

A7 = 1 |pgu| Ay Arg Ae inb
S e e Y i IO
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Bigxunenns TEOMETPUYHHUX
ONHOPIZHICTE  Martepialdy i3omsmii, sKa BU3HA4ae
¢urykTyanii JieJIeKTpUYHOi TPOHWKHOCTI, - BHIIQJIKOBI
BEJIMYMHH 3 HOPMAJIEHUM 3aKOHOM PO3MOIIJICHHS !
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2:7 -0y

po3MipiB Ta

JAC Oy — CCPCAHE KBAAPATUYIHC Bi,HXI/IJ'IeHHH BHUITaJIKOBOI1
BCJIMYMHU X, CCPCAHE 3HAUCHHA SIKO1 Xo-
CepeaHe KBaJApaTUIHEC Bi,HXI/IJ'IeHHSI XBHJIBOBOI'O

ormopy, SAKe 3aJeXKWUTh BiJl BIIXWICHb JiaMETPiB
MIPOBITHHKIB Ta JI€JIEKTPUIHOI TIPOHUKHOCTI:
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Jie G 3 BiIIOBIAHUMU iHICKCAMU € CepeIHE-KBAIPATUIHE
BIIXWJICHHS JiaMETPiB Ta [ICIEKTPUYHOI TPOHHUKHOCTI;
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3B’A30K MK CepeqHe-KBaJIpPaTHYHUM BiAXHMICHHIM
G, Ta CAaMUM BIJIXWJICHHSAM A BHIAJIKOBOI BEIUYMHU X JUIsI
OTpUMAaHHSA B OUTBIIA Mipi OTHOPIMHOI TPOAYKII 3
MEHIIMMH BIIXWJICHHSMH BiJl CEpeIHHOIO 3HAYEHHSI B
pamkax konuentii 66 [5]:

In

O'XZEAX ) (6)

TakuM YHHOM, BiJIXHIICHHS XBHJIBOBOIO OIOPY 3
ypaxysautsim (3) — (6) Oyzxe gopiBHIOBaTH:

2 2 2
24\ g+ e | g +[ P

6rb I3 e

AZ, =

8

Aeg (7)

Ha puc. 6-9 HaBenmeni pe3ynbraTH pO3paxyHKiB
BiJIXMJICHHS] XBUJIBOBOT'O OIOPY PaliodacTOTHOrO Kabero
IpY  Bapialisx AiaMeTpy BHYTPIIIHBOI'O, 30BHILIIHBOTO
IPOBITHHKIB Ta JIeJIEKTPUYHOI TPOHUKHOCTI.
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s 3a0e3neyeHHs] BiIXWICHHS XBUIILOBOTO OMOPY
Ha piBHI *2 OM BiAXWJICHHS BHYTPIIIHHOTO IPOBiIHMKA
He moBuHHO mepeBunlyBatn +0,0125 mm (puc. 6);
BiZXwyIeHHs 10 mAiamerpy izomsmii — £ 0,020 mm (puc. 7);
nienexrpudnoi nporukHocTi — + 0,03 (puc.9).

Normal Probability Plot

0.997 T
0.99 |...AdL 70,0125 mm

098 K 0,025 mm 0,05 mm ot
0.95

's .
0.90

¥
o

/

J f

[

[/ /-
!I / /
f ,

o
3
a

Probability
o
a
o

o
N
a

0.10
0.05
0.02
0.01
0.003

0.5 1 15 2 25 3 3.5

Pee
e

4 4.5
A Zv,Ohm

Puc. 6. InTerpanbHi GpyHKIIT pO3MOALTY BiIXHICHb XBHIBOBOTO
OIIOpY TIPH Bapialisix BHYTPIIIHBOr0 Aiametpy A(2r,) Bix
HOMIHAJIEHHUX 3HaYCHb
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Puc. 7. Brutus Bapiaiii miametpy mo izomsigii £A(2r;) va
BiIXWJICHHSI XBAJIBOBOTO OTIOPY
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Puc. 8. InTerpanbHi GpyHKIIT pO3MOAITY Bi IXHICHD
€KBIBAJICHTHOI J[i€IeKTPHIHOI IPOHUKHOCTI +Ag,
BiJl HOMIHAJIBHUX 3HAYE€Hb

Normal Probability Plot
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Puc. 9. InTerpanbHi GpyHKIIT pO3MOALTY BiIXHICHb XBHIBOBOTO
OIOpY IPH Bapiallisax eKBIBaJEHTHOI J{ieeKTPUIHOT
MIPOHUKHOCT1

Jlist 3abe3riedeHHst OibII JKOPCTKOI KOHCTPYKIIIT
Kabemro HEOOXiHO 3acCTOCOBYBATH CHCTEMY IiJITpiBY
KWIM, IO CHpUs€ TMOJIMIICHHIO ajre3ii TOHKOTO
CYyIUIBHOTO IIapy 130iwii, SKWUM HAHOCHThCS HA
BHYTPIIIHI TPOBIIHUK TIPH eKCTPy3il TpuIIapoBoi
30 [6]. Bonamist  kabemniB BUKOHYETHCS
TPHOXIIAPOBOIO: CYLIJIBHUI Tpomapok ToBmuHOKW 10
MKM, SIKMHA HaKJIaJaeTbCsl Ha IIPOBIIHMK; CIIIHEHHH Ta
30BHIMIHI CYIIIbHAI POIIAPOK TOBIIKHOK 50 MM [7].

IMpuctpii  mnst  mimirpiBy B KOMIUIEKTI 3
MIKPOMPOIIECOPHOIO CHUCTEMOIO BCTAHOBIIOETHCS IIEPEL
eKCTPYZAEpPOM Ta TMiJirpiBa€ MPOBIAHUK 3a JIOMOMOTO0
iHnykuiitnoro  HarpiBy. ILlg cucrema  BimoOpaxae
mapaMeTpu ekcTpys3ii B rpadiuHOMy Ta OU(PPOBOMY
surisini Ha 8,4" TFT momniropi [8].

Ha puc. 10 naBeneHO po3paxyHKOBI KpHBI PO3IIOALITY
TEMIIEPaTypH 10 TOBILI i30/sILiii B pi3Hi MoMeHTH yacy (i —
HOMEp TMPOIIAPKY O TOBII i30JIALI, TTOYMHAOUI 3 JKHIIH)
NPH BUXOM 130JIbOBAHOTO BHYTPIIIHBOI'O TIPOBITHHKA 3
ekcTpynepa 6e3 cuctemu mimirpiBy i (puc. 10,a, puc.
11) Tta 3 migirpiBom (puc. 10, 6-B). TTopiBHAHHS peKUMIB
BOZASHOTO OXOJIODKEHHSI IOKa3ye, IO MPH HAsBHOCTI
T JIrpiBY >KWIM TBEPIIHHS 130JA11i — OLIBII piBHOMIpHE IPH
temmeparypi xui 55 °C (puc. 10.6). ITporec moYnHAETHCS
3 TOBEepXHI i30/smii, Temmeparypa sKoi  Onm3bKa
Temmeparypi mpomiapkiB  Oins  oxmwmm.  Lle  3amobirae
YTBOPEHHIO TBEPAOi KOPKH, SIKa MOXE MOTATHYTH Ha cebe
1€ PiAKUH JieNeKTpUK B THOMHI i305msmil. I, sik pe3ynbTar,
YHEMO)KJIMBIIFOE YTBOPEHHSI TTOBITPSHOIO MPOMIApKy Ol
sxuu (mopiBHstiiTe BepxHi KpuBi puc. 10, a-B)
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Puc. 11

BHCHOBKU

TakuM 9YMHOM, BIPOBAUKEHHS TiOPUIHUX ONTHKO-
KOAKCIJIbHUX MepeX KaOelmbHOro TeseOaueHHs 103BOIISE
HaJaBaTh a0OHCHTAM CTaHIAPTHI aHAJOTOBI Ta MUGPOBI
KaHamy TenebadeHHs, po3mmpeHuid ceppic. [, sk
HACJIiJIOK, CHeKTp  poboumx  dYacTtoT  KabemnmiB
pozmmproeThest. e Hakmagae GBI )KOPCTKI BUMOTH 110
KOaKCialbHOI KaOeNbHOI 1HPPACTPYKTYpH, HacaMIiepes,
HalOImbpII "cmabkoro” naHIrora B Takid Mepexi, SKUM €
a0OHEHTCHKMI panioyacTOTHHH Kabenb. Bcranosneni
HOPMH Ha BiJIXWJICHHS XBWJIOBOTO OIOPY a0OHEHTCHKHUX
KaOeJiB HE BiJINOBINAIOTH Cy4acCHOMY CTaHy BUMOT IS
Ha/laHHS KOMIUIEKCY SIKICHUX 1HTEPaKTUBHUX TTOCIYT.

OnHOPIAHICTh XBIWIBOBOTO OINOPY 3HAXOIHUTHCS B
TpsIMii  3aJIOKHOCTI  BiJ] JOMYCKIB Ha KOHCTPYKTHBHI
eneMeHTH Kabemo. Ha OCHOBI BHMKOHAaHHX pO3paxyHKIiB
OOTPYHTOBAHO 3HAYCHHS BiXIUICHD TiaMETPiB 30BHINTHHOIO
+A(2r;) Ta BHYTpimHBOro *A(2r,) NpOBIOHHKIB, a TAKOXK
JUETeKTPIUIHOL TIPOHUKHOCTI +Ae,  aOOHEHTCHKOIO
paiogacToTHOr O Kabero.

Jlnst cygacHMX aOOHEHTCHKHX PajlioqacTOTHUX KaOeriB
BifxmwieHHs *AZ, XBWIBOBOTO OIOPY BiZl HOPMOBAHOI'O
3HayeHHs /5 OM He NOBHMHHO mepeBuIryBaTH + 2 Ow.
3abe3neunTr 1€ MOXJIMBO 3aBISIKH CyJacHHM CHCTEMaM
KOHTPOJTIO 32 TEXHOJIOTIEI0 BUTOTOBJIEHHS Ta 3aCTOCYBAHHIO
CHCTeMH TIJIrpiBy BHYTPIIIHHOIO MPOBIJHUKA IIPU
eKkcTpysii TppoximmapoBoi i3omsii. Lle npmsBoauTh 110
TIBUIIICHHS a/re3ii TOHKOrO CYIUTBHOTO Imapy i30JIAllii,
SIKU  Oe3IocepeTHhO HAKIIAMA€ThCS Ha TIPOBIMHHUK. B
pe3ynbTaTi 3a0e3MedyeThCsl OUIBII YKOPCTKA KOHCTPYKIiS
Kkabeo.

CIIUCOK JIITEPATYPU
1. 3uma 3.A. Cucremsl kabenpHOro TenesuneHus / 3.A. 3uma,
H.A. Konmakos, A.b. Pomanos, M.®. Troxtun. — M.: U3n-Bo
MI'TY um. H.D. Baymana, 2007. — 616 c.
2. Tameneposuu JI.5I. Pammouactortueie kabemu [/ JI.5L
lanemepoBuy, A.A. IlaBmoB, H.H. XpenkoB. - M.:
Oueproaromusaat, 1990. — 256 c.
3. BesmposBamnux [.B. BIUIMB  eKCIECHTPUCHUTETY Ha
HANPYXEHICTh EJIIEKTPHYHOTO MO B KaOeNsIX KOaKCiaJdbHOL
korcrpykuii / T'.B. bBesmposBammmx, L.A. Moposos, O.T.
Keccaes // — Te3u momosineit XX MiKHApOIHOI HAyKOBO-
npakTrdHoi KoH(epeHuii "[HpopmaniiiHi TeXHOJOTII: Hayka,
TeXHiKa, OCBiTa, 370poB’s". — Xapkis: HTY "XIII", 2012.
4. becmposBanHbix A.B. Onenka mapamMeTpoB mepenadn
KOAKCHATBHOrO Kabemst CHIKEHUSI B TPOIIecce dKCIuTyaTannn /
A.B. Becnpossaunbix, Jlapmopus A.C., Jlsmenko O.W. //
Bicaux HTY "XIII". — Xapkis: HTY "XIII", 2006. — Ne 7.

5. Pande, Peter S.; Neuman, Robert P.: Gavanagh, Roland R.
The Six Sigma Way: How GE, Motorola, and Other Top
Companies Are Honing The Perfomans. — N.Y.: McGraw-Hill,

200 - 282p.
6. BecnposBannbix A.B. MaremaTu4eckue MOAEIH M METOJIBI
pacuera  3JIEKTPOM3ONANUOHHBIX  KOHCTpyKumii /  A.B.

Becnpossanubix, b.I. HaGoka // HapyanbHuii MOCiOHHK. —
Xapxkis: HTY "XIII", 2012. — 108 c.

7. Boiiko AM. OOrpyHTYBaHHS TOBIIMHH 130JisIlii BHUTHX
€KPAHOBAHHX Tap CTPYKTYpOBaHHMX KaOenbHuX cucteM / A.M.
Boiiko, I'.B. besnpossaunux // Bicuuk HTY "XIII". — 2011. —
T.1, Bum. 2. — C. 22-30.

8. Enexrponnuii pecypc: www.SIKORA.com.

Bibliography (transliterated): 1. Zima Z.A. Sistemy kabel'nogo
televideniya / Z.A. Zima, I.A. Kolpakov, A.B. Romanov, M.F. Tyuhtin.
- M.: Izd-vo MGTU im. N."E. Baumana, 2007. - 616 s. 2. Gal'perovich
D.Ya. Radiochastotnye kabeli / D.Ya. Gal'perovich, A.A. Pavlov, N.N.
Hrenkov. - M.: “Energoatomizdat, 1990. - 256 s. 3. Bezprozvannih G.V.
Vpliv ekscentrisitetu na napruzhenist' elektrichnogo polya v kabelyah
koaksial'noi konstrukcii / G.V. Bezprozvannih, 1.A. Morozov, O.G.
Kessaev // - Tezi dopovidej XX mizhnarodnoi naukovo-praktichnoi
konferencii "Informacijni tehnologii: nauka, tehnika, osvita, zdorov'ya".
- Harkiv: NTU "HPI", 2012. 4. Besprozvannyh A.V. Ocenka parametrov
peredachi koaksial'nogo kabelya snizheniya v processe “ekspluatacii /
A.V. Besprozvannyh, Darmoriz A.S., Lyashenko O.l. // Visnik NTU
"HPI". - Harkiv: NTU "HPI", 2006. - Ne 7. 5. Pande, Peter S.; Neuman,
Robert P.: Gavanagh, Roland R. The Six Sigma Way: How GE,
Motorola, and Other Top Companies Are Honing The Perfomans. -
N.Y.: McGraw-Hill, 200 - 282p. 6. Besprozvannyh A.V.
Matematicheskie modeli i metody rascheta ‘“elektroizolyacionnyh
konstrukcij / A.V. Besprozvannyh, B.G. Naboka // Navchal'nij posibnik.
- Harkiv: NTU "HPI", 2012. - 108 s. 7. Bojko A.M. Obrruntuvannya
tovschini izolyacii vitih ekranovanih par strukturovanih kabel'nih sistem
/ A.M. Bojko, G.V. Bezprozvannih // Visnik NTU "HPI". - 2011. - T.1,
vip. 2. - S. 22-30. 8. Elektronnij resurs: www.SIKORA.com.

Hocmynuna 10.12.2012

Besnposzeannux I'anna Bikmoposa, 0.m.u., npog.,

boiiko AM., Keccaes O.I.

HauionanbHuit TEXHIYHUIA YHIBEPCHTET

"XapKiBChbKUiA MOMITEXHIYHUNA 1HCTUTYT"

Kadepa eneKTpoi3oNAIiitHOl Ta KabeTbHOI TEXHIKH

61002, Xapkis, By:1. Opyn3e, 21

ten. (057) 707-60-10, e-mail:bezprozvannych@kpi.kharkov.ua

Bezprozvannych G.V., Boyko A.M., Kessaev O.G.

Influence of constructive and technological defects on

coaxial radio-frequency cable impedance.

Coaxial user's radio-frequency cables belong to a category of
cable television network elements parameters of which
essentially specify the system capabilities as a whole. The cable
working frequency spectrum spreading to 1000 MHz along with
digital television and soundtrack signals transmission and high-
definition television introduction causes more rigid requirements
for wave impedance and, consequently, for the cable design.
The established norms on user's cable impedance deviations fail
to answer the state-of-the-art requirements for granting a
complex of interactive services. On the basis of calculations
performed, values of internal and external conductor diameters
deviations as well as dielectric permeability of the insulation
material are validated. For up-to-date user's radio-frequency
cables, the impedance deviation from the normalized average
value of 75 Ohm should not exceed + 2 Ohm.

Key words — coaxial cables, impedance, constructive and
technological defects, diameter deviation, dielectric
permeability deviation.
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VK 621.318
A.B. I'natoB

HOBOE HAIIPABJIEHUE B MUOM, CBA3AHHOE C IIPUTA’KEHUEM
TOHKOCTEHHBIX JIMCTOBBIX METAJIJIOB.
NCTOPUA U TEPCIIEKTUBBI PA3BUTUSA

Y pamkax cmammi nposedeno Kopomkuii 02110 0CHOBHUX CEIMOBUX OOCAZHEHb HOB020 HANPAMKY MAZHIMHO-IMIYIbCHOT 00pO6-
KU mMemanis, n06'a3an020 3 NPUMAZAHHAM 3A0AHUX OUIAHOK JIUCH 08UX MEMAlié NpU 6UPOOHUYMEI ma PeMOHmMI MPAHCHOpMm-
Hux 3acoois. /lano o00rpyHmyeanHa aKmyaaibHOCHI PO36UMKY 0AHO20 HOB020 HARPAMKY I PO3KpUMI 1020 0CHOBHI nepulodicepe-
na. Buceimneno anemepuamueni memoou puxmyeanis HOWKOOIHCEHUX TUCHOGUX MEMAINE.

B pamkax cmamovl npose()eu Kpamkuﬁ 0630[7 OCHOBHbBIX MUPOBbIX oocmuiceHuil H08020 Hanpaeienusn Mazuumuo-umnynbcuoﬁ
06pa60ml<u Memaiiloe, C6A3AHHO20 C NPUMANCCHUEM 3aoaHHblxy‘l(lch08 JIUCHOBbIX Memajlil0é npu npou:mo@cmee U pemonme
mMpancnopmHblx cpeocme. /Iauo obocnoeanue AKmyajibHOCmMU pazeumun 0aHHO020 HO08020 HanpaeieHus u packpslmosl €20 oc-

HOG6HblE NEPEOUCMOYHUKU. 0caeu4eubt aliomepHamuéHbvle Memoobl puxmoexku nOBPeJlCOé'HHblxﬂMCmoﬂbe memaiiioes.

BBEJIEHUE

K Hacrosmemy BpeMeHH pa3paOOTKHM pa3HOTo poja
TEXHHYECKHX CHCTEM [UIS BBIPABHUBAHMS 3aIaHHBIX
YYaCTKOB Ha MOBEPXHOCTH TOHKOCTEHHBIX JINCTOBBIX Me-
TAJUIOB MHUIIMUPOBAHBI, B OCHOBHOM, CIIPOCOM Ha ITPOM3-
BOJICTBEHHBIE OTIEpAIlM IO pecTaBpaliy KOPITyCOB ca-
MOJIETOB M KY30BHBIX ITOKPBITHH Ha3€MHBIX TpPaHCIIOPT-
HBIX CPEJICTB, B 4aCTHOCTH aBTomMoOmieid [1-3].

B mepBoMm cimydae HEoOXOIMMOCTH TAaKOHM Omepanyn
00ycCIIOBIIEHa HAPYIIEHHEM adPOAMHAMUYECKHX XapaKTepH-
CTHK JIETATEILHOTO aIapaTa, BIUIOTh J0 MOTEPH YCTOWIH-
BOCTH B TONIETE, BO BTOPOM, HE TOJIBKO 3CTETHUECKHMH CO-
00pa)XeHMSIMH, ¥ HEBO3MOXKHOCTBIO JTAJTbHEHIIIEH JKCILTya-
Tally TPAHCIIOPTHOTO CPE/ICTBA C TIOBPEKIEHHBIM KY30BOM.

Kak mokaspiBaer mpaktuka, 6onee 50% moBpexne-
HUHA TPEACTABISAIOT COO0M BMSATHHBI B 30HAaX C 3aTpyi-
HEHHBIM MWJIM TIOMTHOCTBIO 3aKPHITBIM OOpaTHBIM IOCTY-
oM. OTO pa3NHUYHBIE KOPITYCHBIE 3JEMEHTHI, KpBUIbS,
¢ro3enmspkn caMoIE€TOB. DTO JBEPH, KANOThI, KPBIIIH, IO-
poru, bamriepa aBTOMOOMITSH T.1.

B 31011 cBS13M 0COOBIIT MHTEpEC MPEACTaBIISIOT YCTPO¥i-
CTBa, TO3BOJIOIINE MPOM3BOAMTH PECTABPAIMIO ITOBpE-
JKICHHH (BMSTHH) Ha IOBEPXHOCTH C BHEIHEH CTOPOHBI Ge3
pazbopky KopIyca WM Ky30Ba M, IO BO3MOXHOCTH, 0e3
HapYIICHMSI CYIIECTBYIOIIETO 3aIUTHOrO MOKPBITHS [3, 4].

JlocTOBEpHOCTh  BBIIIECKA3aHHOTO HE TpedyeT Moj-
TBEPKICHHS CTIEIHAIBHBIMH CChUIKAMH Ha TIEPBOMCTOYHH-
Ki. JloKa3aTelnbCTBOM TOMY SIBJISIFOTCSI XOPOLIO M3BECTHBIC
HE TONBKO CIepaaucTaM pa3paboTku KoniepHa “Boeing
Company", BHeapsemsle B aBuanpombiiuieHHocTs CIIA B
TeueHne yxe mocueauux 40 ser, a TarKe eBpONEeHCKUX
¢bupM (¢ MHOTOYHCIICHHBIME (PUJIHATIAMHE 10 BCEMY MHDY),
CTIeNUATMBHPYIOMIXC Ha 3(QEeKTHBHOM 000pyIOBaHUN
JUTSL PEMOHTA COBPEMEHHBIX aBTOMOOMIIEH.

Hean HacTosimeld padoThl — 00OCHOBAHUE AKTyallh-
HOCTH Pa3BUTHsI MarHUTHO-UMITYJILCHOM 0OpaboTKn MeTa-
1o (MHOM) B HampaBIICHUH, CBSI3aHHOM C [PHUTSDKEHIEM
33/IaHHBIX Y9ACTKOB JINCTOBBIX METAJIOB IIPU MPOU3BOJICTBE
W PEMOHTE TPAHCIOPTHBIX CPEICTB, KPaTKHUil 0030p OCHOB-
HBIX MHAPOBBIX JIOCTIDKCHHUH B 3TOM 00IAaCTH.

MNEPBOMCTOYHHKU HOBOI'O HATIPABJIEHUA
MHOM
Hctopudeckn W XpPOHOIIOTHYECKH, 'THOHEpOM' B
00JaCTH CO3MAHHS TEXHUYECKHX CHCTEM Ul BHEIIHErO
YCTpaHEHUsI BMSATHH B JINCTOBBIX IPOBOJHUKAX MOYKHO
cuntath Coenuuénnbie [ltater Amepuku [5-13]. Ho naest
MCIIOJIb30BaHMUsI DHEPTHH UMITYJIbCHBIX MarHUTHBIX IIOJICH

JUTsl IPOM3BOJICTBEHHBIX 1IEJIeH, epBbIM ObLIa BBICKa3aHa
coBerckuM akagemukoM Kammneit I1.JI. B 1920 r. On
BIIEpBBIC OOpaTHJI BHUMAaHHWE HAYIHOU OOIIECTBECHHOCTH
Ha IOSBIICHAE MOIIHBIX JICKTPOANHAMHYECCKHX CHJI B
ANIEKTPOTEXHUYECKAX YCTAHOBKAX, KOTOPBIE B TO BpeMs
UCIIONB30BAUCE UL HMCCIICOBAHUA  (DH3HYECKHX
CBOICTB MAaTe€pHaJIOB NPHU BO3JEHCTBUM CHIIBHBIX 3JIEK-
TPOMarHUTHBIX TIoJei [14-16].

OpnHO U3 MepBHIX, U 0€3 MpeyBEMTUICHNS MOKHO CKa-
3aTh OCHOBOIIOJIATAIOIINX, NPEUIOKEHUH MO CO3IaHHUIO
YCTPOMCTB MarHUTHO-MMITYJBCHOTO TPUTSKSHHUS METal-
70B OO chopmymuposano B matenre H. Furth [5].

PaccmatpuBanocs 1Ba BapuaHTa pelieHUs Hpodie-
MEI (puc. 1).

Puc. 1. O6mmmit Bux cxembl u3obperenus H. Furth:
a — JI0 TIeperopaHys IIABKOH BCTABKH; O — IIOCIIE TIePeropaHus
IUTaBKOHM BCTAaBKH; B — OOIINIT BUJ BTOPUYHOH KaTYIIKH

IlepBblif, TOMUMO OCHOBHOI'O MHOTOBHTKOBOT'O CO-
JICHOUJA, MpPEINoiaragl BBEJCHUE JONOIHHUTEIBHOIO
pasoMkHyTOro BuTKa (pHC. 1,B), pa3sMeEHHOTO HAJl BMs-
TUHOW B TOHKOM MeTajuimdeckoMm Jmcre. Ilo 3ambiciy
aBTOpPa, OCHOBHBIM COJICHOMIOM BO30Y)KIaeTcs MEJUICHHO
HapacTalollee MArHUTHOE II0J€ W IpPU ONpenesEHHON
Pa3HOCTH NOTEHLMANOB HAa TPaHUIAX pa3pe3a B pas3o-
MKHYTOM BUTKE, AOJDKEH IPOM3OUTH DIEKTPUYECKHI
po0Ooi MPOMEXYTKA, MOCIIE YeTO BUTOK CTAaHOBHUTCS KO-
poTKO3aMKHYTHIM. [IpoTekaronuii B HEM TOK BO30OYyXIaeT
OBICTpO HapacTalolllee MarHUTHOE TII0JIE, HAIpaBJICHHE
KOTOPOr0 MPOTUBOIOJIOKHO MO0 OCHOBHOTO COJIEHOU-
na. Ilone BuTKa M Moye CONEHOMJA B3aHMMHO YHHUYTOXA-
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fotcs. TloBepx Meramna ¢ BMSTHHOM pe3ylIbTHPYIOIIAs
HaNpspKEHHOCTh oOpaiaercst B Hyhb. [lone ocHOBHOTO
coJIeHOW/1a, TIPOHMKIIEE M OCTaBIleecs 1Moy o0padaThIBa-
E€MBIM METaJUIOM, CO3/1aT JaBJICHHWE, HalpaBJeHHOE K
nHaykropy. Ilon ero melicTBueM NMpOMCXOOUT BHIPABHH-
BaHME 1e)OPMUPOBAHHOTO METAIIA.

®dusnyeckasi CyIIHOCTh JAHHOTO IPEIOKEHHS CBO-
JIUTCSL K BO30Y)KACHUIO MAarHUTHBIX IOJIEH C pasHBIMH
BPEMEHHBIMH XapaKTepucTukamu. "MeieHHOe" MpOoHH-
KaeT CKBO3b 00pabaThIBaeMbIii OOBEKT — TOHKHUH JICTO-
BOW mpoBoaHUK. "BblcTpoe” HE MOXET NPOHUKHYTH, €ro
Ha3HAYeHUE COCTOUT B TOM, YTOOBI YHUUTOXHTH I10JI€ HAJl
JUCTOM C BMSTHHOW. B pesynbrate "Memnennoe" mar-
HUTHOE IIOJIE PEATN3yeT MarHUTHO-MMITYJIbCHOE IPHTS-
JKeHHe 00pabaThIBAEMOro MeTalla K HHAYKTOpY.

Bropoii BapuaHT 1o pU3NYECKOM CYyIIHOCTH HE OTIIHU-
YaeTcsl OT IEPBOro NMpeyIoKeHHs. Pasimiane cocTouT B crio-
cobe noyuenust "MeieHHoro” u "'oeicTporo’ nomeit. 3aech
aBTOp TIpe/yIaraeT UCIoIb30BaTh JBa OTACIBHBIX HCTOYHHKA
MonmHocTH (0aTaped UMITYJIbCHBIX KOHICHCATOPOB) C pas-
HBIMH BPEMEHHBIMH XapaKTepPUCTUKaMH T'€HEPHUPYEMbIX
TOKOB. B3anmorielictBre Bo30OyX1aeMbIX IoNield B 30HE 00-
pabOTKM TPHUBOAWT K TPEBAIMPOBAHHUIO CHJI MarHUTHOTO
JIaBJICHHS HAa METaJUl CHU3Y HaJl AaBJjieHHeM cBepxy. OObeKT
00pabOTKH IPUTSATUBACTCS K HHIYKTOPY.

PaborocriocoOHOCTh BO3SMOXKHBIX TEXHHYECKUX pea-
nH3anui mo npemioxkeHusM H. Furth Becema comHHUTENB-
Ha. Kak cirenicTBue, ero nmaTeHT He HaméN cBOETo paKTH-
YECKOr'0 BOIUTOIICHUS, XOTSI aBTOPHI CIEAYIOMUX Ooree
MO3HNX U OoJiee yJadHbIX MPOEKTOB CCHUIAIOTCS Ha He-
ro, KaKk Ha IIEPBOMCTOYHUK B HANPaBJICHUH Pa3BUTHS CHU-
CTEM JUISl MarHUTHO-UMITYJIbCHOTO TIPUTSDKEHHUS.

K TakoBbIM OTHOCSTCS, HampuMep, W300peTeHUs HH-
skerepoB "Boeing Company” K. Hansen, 1. Hendrickson, P.
Zieve u 1p. [6-9]. Cnemyer mom4epKHYTh, YTO (U3HYECKAS
CYIIHOCTh LHMTHPYEMBIX pa3pabOTOK NPHHIMITHAILHO HE
oTMYaeTcs OT (Gu3MuecKod cymmuoctH 3asBku H. Furth.
3neck Takke pedb UAET O CYIEPIO3UIMH 'MEUICHHOrO" |
"ObicTporo” momeil. Ho Temeps yke aBTOpBI TOBOPAT O
HaJOXKEHWH HU3KOYACTOTHOTO M BBICOKOYACTOTHOTO CHIHa-
JIOB B 0OMOTKE HHCTPYMEHTA-UHIYKTOpA.

JIByX4acTOTHBIE ~ CHUCTEMBI  JUII ~ MAarHUTHO-
UMITYJIbCHOTO TPHUTSHKCHHUS HAILIM PeajbHOE IpaKThuye-
CKO€ IIPUMEHEHHE B paboTax IO pecTaBpalii KOPITYCOB
camonéros, puc. 2. B nocnenyroniem Ha 6a3e 3Tux paspa-
6orok u3 kopropauuu "Boeing Company” BbLICTUIHCH
¢dupmer "Electroimpact” u "Fluxtronic” (CILA), crenua-
JTM3UpYIOIIMecs UMEHHO Ha MarHUTHO-MMITYJIbCHBIX TEX-

a 6
Puc. 2 CucreMbl MAarHUTHO-UMITYJIBCHOTO YCTPAHEHHUS BMATHH B
JJIEMEHTAX JICTATeNNbHBIX aIapaToB: a — pa3padoTka (GpupMsl
"Electroimpact”; 6 — oGopynoBanue, mpemaraeMoe KOMITaHHEH
"Fluxtronic”

O6HII/IMI/I HECOJOCTaTKaMH CHUCTEM MAar"avuTHO-
HUMITYJIbCHOTO HPUTSIKCHHS, OCHOBAHHLIX Ha CYINCPIIO3U-
Jaesesl HHM3KOH W BEICOKOHM 9acTOT (KaK TOKOB, TaK U HOHeﬁ),
SIBJISIFOTCSI.

e HaIWYUEe JBYX MCTOYHHKOB SHEPruH (MarHHTHO-
HUMITYJIbCHBIX YCTAHOBOK);

® CIOXHOCTh HEOOXOIMMOH CHIBHOTOYHOW 3IIEK-
TPOHUKY;

e OombIuye 3aTpaThl Ha TpeOyeMble KOMIUIEKTYIO-
mue (KaKk MUHAMYM B 2 pa3a GoJiblie B CPaBHCHHH C Tpa-
JMIMOHHBIMI MarHUTHO-UMITYJIbCHBIMU CHCTEMAMU);

e HU3KAs HaAE&KHOCTb B JKCIUTyaTallUH ILIIOC JO-
CTaTOYHO BBICOKAsl CEOECTOMM OCTh KOHEYHOT'O IPOAYKTA.

AJIBTEPHATUBHBIE METO/Ibl PUXTOBKHU

B 3akmouenne 0630pa paboT aMepHUKAHCKUX YIEHBIX
MO0 PECTaBpallii MOBPSKASHHBIX METAIUIOB JUIS MONHOTHI
KapTHHBI CIICAYyeT YIOMSHYTh pa3paOOTKH, HE CBSI3aHHBIC C
HCIOJI30BaHUEM MAarHUTHO-UMITYJTBCHBIX TEXHOJIOIHH U TIO
pasHbIM, HO IO BIIOJHE OOBCKTUBHBIM IPHYMHAM, HE
HAILISAIINE CBOETO MPAKTUYESCKOr0 IIPUMEHEHHSL.

Tak, B [17, 18] onmcan crioco6 ymaneHus BMATHH C
noMompt0 Maraura (mexrpomartura). CyTh [JaHHOTO
croco0a 3aKIF0YaeTCsl B TOM, YTO K MECTY ¢ BMATHHOM Ha
METaljIe TOAHOCAT MAarHuT (3JIEKTPOMArHHT), a C TPOTH-
BOIIOJIOXKHOH CTOpPOHBI (C OOpaTHOM CTOPOHBI MOBpe-
JKIEHHOT0 Y4YacTKa JIMCTOBOTO MeTaslia) MOTHOCIT Me-
TaJUTMIECKHH OOBEKT (IIAPHK, POIUK, MACCUBHYIO METall-
JIMYECKYIO TIOJJIOKKY) KOTODBIH 00Iagaer XOpOUIMMHU
MarHWTHBIMH CBOMCTBaMH. MarHuT, NPHUTATHBas METall-
JuYecKuil 00BEKT, ymamseT BMATHHY. B marente [19)]
NPEUIOKEH KOMILUIEKC MO YAAJIICHUIO BMSTHH C Ky30BOB
AaBTOMOOWJICH, B OCHOBY KOTOPOTO TMOJIOXKEHO COBMeELIe-
HHE THAPABIMKH C 3JeKTpomarduToM. B marentax [20]
OIMCaH MHEBMATUYECKUI CIOCOO W 00OpyIOBaHHE IS
yIOaJeHus BMATHH C Ky30BOB aBTO. BakyyMmHBIH crmoco0
yaanenust BMSTUH onmcan B marente [13], (puc. 3), a B
Monorpaduu [4] aBTOPHI OMUCHIBAIOT CIIOCOO yIaIeHUsI
BMSTHH C ITIOMOIIBIO HHTCHCUBHOTO HArpeBa U IMOCIECIY-
IOIIMM DPE3KHM OXJIQXKICHHEM YyYacTKa, IIe HAXOIUTCS
BMmsituHa (puc. 4). ABTopsl matenta [21] onucsiBaror crio-
co0 ¢ "mpsMoro mponmyckaHus' ' TOKa depe3 oOpadaTriBae-
MBIl MeTaJUl, TIPHHLUI JeUCTBUsI KOTOPOTO OCHOBAaH Ha
B3aUMO/ICHCTBHY MapauIebHBIX TPOBOJIHUKOB C TOKAMHU
(3axoH AMrepa), B pe3yibTaTe, IPOBOIHUKH C OHHAKOBO
HAaIIPaBIICHHBIMUA TOKAMH TPHUTATHBAIOTCS APYT K IPYTY,
YTO ¥ JIGKUT B OCHOBE YCTpaHEeHUs JAedopManuii, u ap.

K orkaunBaomemy ycrpoiicTBy

!

Bo3yumblii norok

Puc. 3. Cxema pOU3BOICTBEHHOMN OMEPAIIUH 10 BAKYYMHOMY
YCTPaHEHHIO BMSTHH C IOBEPXHOCTHU JIMCTOBBIX METAJIIOB

IoToK KHAKOT0 A30TA MJIM reJIus

HCTOMHHK HHTEHCHBHOTO
Harpesa

Puc. 4. Cxema IpOM3BOACTBEHHOHN OIIEPAIMH 110 YCTPAHEHHIO
BMSITHH C IIOMOIIBIO €€ NHTCHCHUBHOTO HarpeBa
U MIOCTIEAYIOIIETO PE3KOT0 OXJIaXKACHUS
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Ha eBpomeiickom pblHKE 00OpYAOBaHHS ISl PHUX-
TOBKA W BOCCTAQHOBJICHHS aBTOMOOWIBHBIX Ky30BOB JIH-
Jpylolee MTOJIOKEHHE 3aHUMaET KOHIIEpH
"Beulentechnik AG" (rnasusiii oduc B IBeiiuapuu, ¢u-
nmaisl B ['epmanny, Yexun, Ascrpanun) [22-28].

B mepeune mpemnaraeMbIx pa3pabOTOK COHEPIKUTCS
JIOBOJIBHO OOIIMPHBIM PSi MEXaHHMYECKUX YCTPOWUCTB IS
BHEIIHEHW PUXTOBKH BMsTHH [22-25]. Cpemu HEUX BbLIEIS-
I0TCS BBITSDKHBIE TIPHUCIIOCOONICHUST, OOIMMH KOHCTPYKTHB-
HBIMHU 3JIEMEHTaMH KOTOPBIX SIBJISIIOTCSI COOCTBEHHO BBITS-
TUBAIOIMH 3JIEMEHT — CTEP)KeHb, OJHUM KOHIIOM IpHBa-
PEHHBIHM WM NPHUKICCHHBIN K METAILTY 110 LICHTPY yCTpaHs-
€MOM BMSITUHBI, ¥ PBIYaXKHBI MEXaHW3M, MO3BOJIIOIIUN
TIOCTETICHHOE BBITATUBAHNE CBOOOTHOIO KOHIIA CTEPXKHS 110
YPOBHSI PECTaBpUPYEMOH TTOBEPXHOCTH, PHC. 5.

Puc. 5. Mexanudeckue BBITSHKHBIC YCTPOICTBA AJISI BHEIIHETO
ycTpaHeHust BMATHH KoHIepHa "Beulentechnik AG™

Ilocne ycTpaHeHHs BMSTUHBI CBApHOE WM KIIEEBOE
npucoequHeHne youpaerca. OrpecTaBpupOBaHHas IO-
BEPXHOCTh IOJ[BEpraercsi o0pabOTKe B COOTBETCTBUH C
TpaauLMOHHON TexHonorueil. ITocnenusst onepanus — 3To
HaHECEHHE 3aIUTHOrO JAKOKPACOYHOI'O IOKPBITHSL.

Crnenyer mom4epKHyTh, 4TO paboTa ¢ MEXaHWYECKH-
MU BBITSDKHBIMH YCTpOMCTBaMH TpeOyeT BEICOKOW KBaJIH-
¢uKanuy ¥ MacrepcrBa ucnomHutens. Ho maxe B aToM
cilydae TpaKTHYeCKd HEBO3MOXKHO OOECIe4HTh J0CTa-
TOYHYIO HaJ&KHOCTH BBITNOJIHAEMON ONEpallui B CMBICIIE
COXpaHHOCTH peMOHTHpyeMoro »sineMmeHTa. Ilociennee
3aME4YaHre O3HA4aeT, YTO B IPOILECCe pPecTaBpalu BO3-
MOJKHO U €r0 pa3pyLIcHHE.

COBPEMEHHOE COCTOSHHWE TEXHUKW MHUOM
JIJISI PEMOHTA TPAHCITOPTHBIX CPEJICTB

SHaunTeNbHO 0OONlee WHTEPECHBIMH JUIS  TIPAKTHKA
BHEIITHETO YCTPAHEHHS BMSITHH B aBTOMOOHITBHBIX Ky30Bax H3
(eppOMAarHUTHBIX CIUIABOB TPEICTABISIOTCS TPEIVIOMKEHHS
korriepra "Beulentechnik AG", nazsamHbIe Kak 'MaraurHoe
TIPHCTIOCOONIEHHE TS VIAJIEHH BMSTHH ', prC. 6 (B OpHIvHa-

Jie Ha caiire konrepHa — "Magnetic Dent Remover") [26-28].

— A

Puc. 6. MarHuTHOE MPHCIIOCOOICHUE TSl YAATICHUS BMSTHH
konrepHa "Beulentechnik AG™: a — ncrouHuK MOIIHOCTH
C HHCTPYMEHTOM; O — MPUCTIOCOOICHUE B ICUCTBHU

B marenTax [26, 27], momydeHHBIX B pa3HOe BpeMs
(2006 r., aBrop — R. Meichtry, 2008 r., aBropsr — R.
Meichtry u |. Kouba ), mpaktudecku, 3asBJI€HbI OJHU U TE
K€ TTO3HIHH.

B menoM, 310 ycTpoicTBO AN yOaneHUs BMATHH B
JIMCTOBBIX (heppOMAarHeTHKax, COJEp)Kallee EMKOCTHBIC
HaAKOIWTEINN SHEPTuH, pabounii MHCTPYMEHT M, TaK Ha3bl-
BaeMble, aJanTepHBIE TPHUCIOCOOICHUS, IpeIHA3HAuYCH-
HBIE Ui (PUKCAIIMH PabOdero WHCTpYMEHTa HaJl ynase-
MOH BMSITUHOM.

CymiecTBeHHOH HPaKTHIeCKOW HOBU3HOH 371eCh 00-
JafaloT JIAMb CHOCOO W3TOTOBJICHHWS MHOTOBUTKOBOH
paboyell KaTyIIKM HMHCTPYMEHTa-WHIYKTOpa W ajarTep-
HBIE ITPUCTIOCOOICHHS.

BbIHOCHON HMHAYKTOp — 3TO MOOWJIBHBIH HHCTpY-
MEHT, TIO/ICO€IMHEHHBIN K HCTOYHUKY MOITHOCTH THOKAM
kabesem, omucan B mateHre [27].

[lpyHIMI =~ MAarHUTHO-UMITYJIbCHOTO — TIPUTSDKCHUS
TOHKOCTEHHBIX JHCTOBBIX METAJUIOB B TaTeHTax [26, 27]
3aMMCTBOBAH M3 paboT, YacTh M3 KOTOPHIX ObLIA BBIION-
HeHa 110 3aka3y KoHiepHa "Beulentechnik AG" 8 Harwo-
HaJIbHOM TEXHHYECKOM yHHBepcuTeTe XapbKOBCKHI
nonurexandecknit macturyt' (HTY "XIIN") B 2002-
2003r.r. [29-31].

I'maBabIM (hakTOpOM, oOecneunBaronM TpaHchop-
MaIHi0 W3BECTHOTO OTTAJIKHBAHUS 00pabaThiBaeéMOro
00beKTa B NMPUTSDKEHUE, TO €CTh, 00ECIEUNBAIONINM pa-
00TOCITIOCOOHOCTh CHCTEM, HA3BAaHHBIX B IMTHPYEMbIX
nmaTteHTax Kak 'MarHuTHOE IpHUCIIOcOONIeHHE sl yaase-
HUS BMSATHH , SIBIICTCS BBIOOp paboOYmMX dYacToOT Jei-
cTByrouiero mojsi. 3¢ ¢GeKT BO3MOXKEH TOJIBKO B HA3KOYa-
CTOTHOM PEXHMeE, KOT/1a:

1

.
Mo-y-d?

rae o=2n-f, f — pabouas yactora, [lo — MarHUTHAasI IPOHH-
LIAEMOCTh BaKyyMma, Y — yJAENbHasl 3JIEKTPOIPOBOAHOCTD
Merauia, d — TOJIMHA MeTaluia.

VYcnoBre HU3KOYACTOTHOTO PEKMMa B BUJIE HPOLUTH-
POBAHHOTO HEPABEHCTBA BBIIMCAHO U3 paborsl [31], omy6-
ymkoBaHHOW B 2004 1. OHO ke 3aMKCHPOBAHO B TATEHTE
[32] ¢ mpuopurerom or 2004 r. Dra xe (opmyna, peria-
MEHTHUpPYIOLIasi BBIOOP YacTOTHOTO [Mara3oHa JICHCTBYIO-
X moneit u 00o3HadYeHHas Kak (ypaBHEHHUE 2), GUrypupy-
er B marerrax R. Meichtry u |. Kouba [26, 27].

B nacrosimee Bpemst "MarautHoe npucrioco0sieHne
JUISL yOaJeHHs BMSITHH' TaK )kKe, KaK U IIHPOKHI ITepeYeHb
MEXaHWYECKHUX MPHUCIOCOOICHUH, MpeararoTcsi aBTope-
MOHTHBEIM KoMIaHusM KouiepHoMm “Beulentechnik AG"
Ha CTpaHHI@ax ux pupMeHHOro caiira [28].

K mpemmyiiectBaM MarHHTHO-MMITYJBCHBIX pa3pa-
6orok koumepna "Beulentechnik AG" B cpaBHeHuu ¢ pe-
ANBHBIMU QHAJIOTaMH, MPEIUIaracMbIMH aMEPHKAHCKHIMHU
npomsBoautensimu 'Boeing Company”, “Electroimpact” u
"Fluxtronic" (CIIIA), ciemyer OTHECTH:

e HaIM4YHE OJHOTO WCTOYHHKA MOIIHOCTH BMECTO
BYX,

® OTCYTCTBHE CIOXHOW CHIBHOTOYHOH DIIEKTPO-
HHUKH, HEOOXOIMMOH /I CHHXPOHHU3AINH B CITydae JIBYX
HCTOYHHKOB;

® CYIIECTBEHHO MEHBIINH IepeyeHb KOMIUIEKTY-
IOMIMX M, HAaKOHEIl, BEPOSITHO 3HAYUTEIHFHO MEHBINAs ce-
06eCTOMMOCTH TOTOBOT'O M3/IEITHS.

K ocHoBHBIM Hemoctatkam oOopymoBaHusi Mar-
HUTHOE TIPUCIOCOOJICHHE ISl yJAleHHs BMSTHH KOH-

o <<
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uepHa "Beulentechnik AG" cienyer otHecTu:

® IPUMCHCHHE B KayeCTBE MHCTPYMEHTAa MHOTO-
BHUTKOBOH KaTYIIKH, KOTOpas, CYIs IO ONFCAHUIO B ITH-
THPYEMBIX MATEHTaX, JTOCTATOYHO CIOXHA B W3TOTOBJIC-
HUM W, KaK ITOKa3aJ BeCh Mpakrtuiyeckuil ombiT MUOM,
BeChMa HEJOJITOBEYHA B AKCILTyaTAIHH;

® BO3MOXKHOCTH Pa0OTHI TOJBKO C (heppOMarHeTH-
Kamu (OT/IEIbHEIE CTATbHBIE KOMITO3HIMH), U HEBO3MOXK-
HOCTh YCTpPaHCHHS BMSTHH B HEMAaTrHUTHBIX METaJlIax
(aJFOMUHHMEBBIE CILTABHI U JIP.);

e TMIPHUHINN JCHCTBHUS OCHOBAaH HAa YCTApEBIINX K
HACTOSIIEMY BpPEMEHH BBIBOAAX TMCPBHIX HAYJHO-
HCCIIEIOBATENBCKIX MOUCKOBBIX pador 2003-2004 rr.,
KOTOpBIE HE TMO3BOJSIOT B JIOCTATOYHOW Mepe peaus3o-
BaTh BCE TIO3UTHBHBEIE BO3MOXKHOCTH  MAarHUTHO-
AMITYJIECHOTO TIPUTSDKEHUS (B MajbHeHImeM OyayT ocBe-
meHsl Oonee 3(pQEeKTUBHBIC TPEIIOKECHUS — CIEACTBUSL
aBTOPCKUX MCCIEIOBAHUN 3MEKTPOPUINIECCKONU TIPUP OB
MPOTEKAIONIMX DIIEKTPOMArHUTHBIX TPOIIECCOB).

[Ipobnema mpUTSKEHUS 3aJaHHBIX YYaCTKOB JIFICTO-
BBIX METAJUIOB C ITOMOIIBIO CHJIOBOTO BO3JECHCTBHS CO
CTOPOHBI AIIEKTPOMATHUTHEIX TIOJICH MOXKET OBITH perieHa
U C WCIONB30BAHUEM JIPYTUX TEXHWYCCKHUX TIPEIIIONKE-
HUM, BEIIBUHYTHIX B pa3HOE BpeMs pa3HBIMHU aBTOPaMHU.

[No3HaBaTeNBHBIN WHTEPEC MPEACTABIIIOT Pa3IITIHBIC
BapHaIy crocoda, ormrcaHHoro B MoHorpadmm [ A. [Ixe-
epcora [33], ¥ 3aKTIOYAOIErocs B CO3aHUM MEICHHO
HapacTaloNIer0 MarHUTHOTO TIOJSA, PE3KO MPEpHIBAEMOTO
TPH  TOCTIDKCHUHM 33JJaHHOTO YPOBHS HANpsDKEHHOCTH. B
pe3ynbTare Hax obOpabaTeiBacMBIM OOBEKTOM TIONS HET, a
noj HUM ecth (mpoHuKInee). Bo3HuKarolme sIexTpoauHa-
MHUYECKHE YCWIHS TPUTSTHBAIOT K HHAYKTOPY 3aIaHHBINA
Y4acTOK MeTajlia, BBI3EIBas €ro aedopmupoBanne. Hecmor-
PsI Ha KQXYIIYIOcs "'PO3PavHOCTh' JAHHOTO TPEIIOKEHNS,
HH(DOPMAIHS 0 KAKIX-JIAOO0 €TO MPAKTHIECKUX PeaT3aIisix
B Hay4YHOU MIEPHOJNKE OTCYTCTBYET.

Crnemyer OTMETHTh, 4YTO (HU3MUEcKas CYIIHOCTh
MEJICHHOTO HapaCTaHUs C TOCIETYIONNM TpephIBaHIEM
JIEHCTBYIOMIEr0 MAarHUTHOT'O TIOJISI CBOAMTCS K TPUHIIUITY
JIEHCTBUSL NTBYXYaCTOTHBIX MATHUTHO-HIMITYJIECHBIX CH-
CTEM, TPEUIOKEHHBIX M CO3aBAaCMBIX 10 HACTOSIIETO
BPEMCHH aMEPHUKAHCKUMH TPOU3BOIUTEIIMH COOTBET-
CTBYIOIICH anmapaTyphl.

PaboTs! o co3maHuio 000pyIOBaHUS U MHCTPYMEH-
TOB JUII MarHUTHO-MMITYJIbCHOT'O TIPUTSDKEHUS, OCHOBAaH-
HBIX Ha WHBIX (PM3MYECKUX KOHIICHIINIX, OBLTH HAYaTHI B
HammonaneHoM  TexHmdyeckoM  yHuBepcutere HTY
"XIIN". B Hacrosmiee BpeMsi 3TH pabOTHI MPOJOIKEHBI U
BEAYyTCA TaKKe B XapbKOBCKOM HAIMOHAJIEHOM aBTOMO-
6unbHO-T0pOXkHOM yHUBepcutere (XHANY), rme mpu
kadenpe Gu3mkyM co3maHa CIiCNHaIM3UPOBaHHAS HAYIHO-

HCCIIEOBATENbCKasT  J1a0OpaToOpust  3JEKTPOMATHUTHBIX
TexHooruit [34-38].
[lepBbie  pa3paOOTKM  YCTPOMCTB  MAarHWUTHO-

UMITYJIbCHOTO TPUTSIKECHUSI OBUTH OCHOBaHBI Ha CO3/IaHHU
NPOCTPAHCTBEHHO-BPEMEHHOTO PACIIpEeNieieHUs]  NeiicTBY-
IOIINX TIOJICH B HHAYKTOPHOH CHCTEME, 00ECIICUNBAIOIIETO
HyJIb MAarHUTHOTO TIOTOKa B MPOCTPAHCTBE MEXIY TOHKO-
CTEHHBIMH JIUCTOBBIMU MeTaUIaMH. VIHCTpYMEHTBI TaKoro
NPUHIHMIA JeHCcTBUs ObLIM Ha3BaHBl ABTOPAMH IPEIIONKE-
HUS "CIIOKHBIMH MHIYKTOPHBIMH cucTeMamy' . CyIHOCTb
NPEUIOKEHHUS COCTOUT B CIemyromeM. Mexay AByms uc-
TOYHHKAMU MATHHUTHOTO TOJsi (Hampumep, IUIOCKAME CO-
JICHOUIAMH) [IOMEIIAIOTCSI [Ba JIUCTOBBIX MeTaiia. Bapbu-
pOBaHHE aMIUIUTYZ BHEIIHMX IIOJieii B COOTBETCTBHHU C

ANEKTPOPH3NYESCKIMH XapaKTEPUCTHKAMH METAJUIOB I103-
BOJISICT IOJIyYUTh HyJb MarHWTHOTO MOTOKA B MPOCTPaH-
CTBE MEXIY HAMU. 3a CU€T CHII JaBJICHUSA, JCHCTBYIOMINX
CO CTOPOHBI COJICHOMJIOB, JIICTOBBIE METAJUIbI HCIIBITHIBA-
0T B3aUMHOE TIpuTsKeHue [29].

Jns pacmmpeHus Kpyra IpOM3BOACTBEHHBIX 3aiad,
TpeOyIONMIX BBIHOCA MHCTPYMEHTa K 00pabaThIBaCMBIM
0o0beKkTaM, ObITa CO3/IaHAa MATHUTHO-UMITYIIbCHAs yCTa-
HOBKAa C BBIHOCHBIM HMHIYKTOpOM. JlaHHas pa3paboTka
Oblta 3amumiena matearom 1996 roma [30].

Pe3ynmeraThl TEOpETHYECKHX M OKCIIEPUMEHTAIBHBIX
HCCIICTIOBAHUH AIIEKTPOMATHUTHBIX TIPOIIECCOB B ''CIIOMKHBIX
MHIYKTOPHBIX CHCTeMax'" ormmcans! B myommkarmsx [29, 30].

PesroMupysi mepBbIe MOMBITKH TPaHC(POPMHPOBATH
€CTECTBEHHOE MATHHTHO-MMIYJIbCHOE OTTAJIKUBAHUE B
"ACKyCCTBEHHOE" TIPUTHKEHUE C ITOMOIIBIO ' CIOKHBIX
WHIYKTOPHBIX CHCTEM', CIEAyeT OTMETHUTh, YTO, KaK HH-
CTPYMEHTHI IS TIPUTSDKEHHS, OHH HE HAIIUTM TpaKTHYe-
CKOT0 TIpEMeHeHus. VX MCIonp30BaHNue 0Ka3aoch Ieie-
COOOpa3HBIM sl INTAMIIOBKU PUCYHKA NEYaTHBIX IUIAT B
3NEKTPOTEXHUUECKUX YCTPOMCTBAX U ISl XOJOTHOU
CBapKH METAJUIMYECKHX BJIEMEHTOB COOPHBIX KOHCTPYK-
usix (pM BCTPEYHOM JBHIKEHHH CKOPOCTH COYIapEHUSI
BO3pacTaer o4ty B 2 pasa) [30].

boiee NEePCIIEKTUBHBIMH TUTST MarHuTHO-
UMITYJIbCHOTO TIPUTSDKCHHS TOHKOCTEHHBIX JIMCTOBBIX
METaJUIOB  CJIENyeT CYUTaTh pa3pabOTKH, HavaThle B
2002r. B XTI ¥ mpoBOAMMBIC MO HACTOSIIEE BpeMs B
XHALY [34-38].
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A new trend in magnetic-pulse metal working associated
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History and development prospects.

Within the scope of this article, a summary is presented on the
main world achievements of the new trend in magnetic-pulse
metal working associated with attraction of specified sheet metal
sections in vehicle production and repair. The importance of the
new trend has been justified, its basic sources disclosed. Alterna-
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YJIK 624.318

N.C. TpyHoBa

NCCIEAOBAHMUE 2JIEKTPOMATI'HUTHBIX TPOIECCOB
B COBMEIIEHHOM COT'JIACYIOIIEM YCTPOUCTBE
IUJIMHAPUYIECKOI'O TUITA C MACCUBHBIM O/ITHOBUTKOBBIM NTHAYKTOPOM

3anpononoseano, 6 AKOCMI IHCMPYMEHMY MAZHIMHO-IMRYTIbCHOZ0 MEMOOY UKOPUCHIOBY8AMU NO200MCYIOUUTL RPUCMDIIL, CYyMi-
wieHUil 3 00HOBUMKOBUM MACUGHUM iHOYKmopom. IIpoeedeno 00cnioicenHa eneKmpoMazHimHuUxX npoyecie 6 CymiujeHoMy noz2o-
OXHCYHOUOMY RPUCIPOT YUTIHOPUUHO20 muny. Busnaueno 020 ocnoeHi enekmpomazHimui napamempu ma XapaxKmepucmuKu.

Hpet)fll).)f(‘eHO, 6 Kauecmee UHCmMPYMEHma MAacHUMHO-UMNY/IbCHO20 Memooa Ucnonb306ams coznacyrouiee ycmpoﬁcmao, CoéMmeuieH-
HOe ¢ 00HOBUNIKOBBLIM MACCUGHBIM uHOmeopom. Hposedeuo uccneoosanue IICKMPOMACHUMHBIX BPOUECCO6 6 COBMEULCHHOM Co21a-
cyrouiem ycmpoﬁcmse l{llJlllH@pll'leCKOZO muna. OnpeOejzeubl €20 OCHOBHbIE I/ICKMPOMAZHUMHblE RApAMempbl U XapaKmepucmuKuy.

BBEJIEHUE

Pa3paboTkn c WMCIIONB30BAaHWEM SHEPTHU 3JIEKTPO-
MarHuTHBIX MOJNCH B COBPEMEHHOH IMPOMBIIIICHHOCTH,
HanpuMep, B IPAKTHKE PeCTaBPallii MOBPEKACHHBIX KYy-
30BHBIX MOKPBITHH aBTOMOOWIICH, B HAIlle BpeMs SBIISIOT-
csl BeChMa aKTyaJbHBIMU M TIEPCIEKTHBHBIMH. B cBsi3H ¢
3THM BO3PACTaeT HEOOXOIMMOCTh B OCYIIECTBICHUH Pa3-
JMYHBIX TEXHMYECKHX pa3padOTOK M yCOBEPLICHCTBOBA-
HUHA BCEBO3MOXKHBIX TEXHHYECKHX CHCTEM W YCTPOMCTB,
KOTOpBI€ MO3BOJSIOT TPOW3BOJUTH BHEIIHIOIO OECKOH-
TaKTHYI0 MarHUTHO-HMITYIbCHYIO puxToBKY [1-3]. K Ta-
KAM YCTPOWCTBaM OTHOCSTCS COIJIACyIOIIME YCTpOICTBa
(CY) — ummynscHble Tpanc)OpMaTopsl TOKa. JlaHHbIE
YCTpOMCTBA  TPUMEHSIOT B TPAKTHKE  MAarHUTHO-
UMITYJIbCHOW OOpa0OTKM METAUIOB Ul  TOBBIIICHUS
YPOBHS SHEPTUH, NepeiaBacMoOil OT MOIIHBIX HMITYJbC-
HBIX YCTaHOBOK (MCTOYHHKOB MOIHOCTH) B MaJOHHIYK-
THBHBIE Harpy3ku [2, 4-6].

CY B MarHMTHO-MMITYJIbCHON 00pa®oTKe MeETanioB
SIBJISTIOTCS. HEOTHEMJIEMBIMU COCTABJISIFOIIMMU OOJIBIINH-
CTBa CXEM INPAKTHYCCKOW pean3alyy MepefoBbIX Mpo-
MBIIUICHHBIX TEXHOJOTMA M, KaK TOBOPHIOCH paHee,
NPEICTaBISIOT CO00H HWMITYJIbCHBIE TpaHC(HOPMATOPEI
TOKa, NEepBHYHAS OOMOTKAa KOTOPBHIX MOAKIIOYAETCS K
BBIXOJY pa3psAHOr0 KOHTYpa MAarHUTHO-HMITYJIbCHOM
YCTAaHOBKM — HMCTOYHHMKa MOLIHOCTH, a BTOpUYHAas — K
BXOJIHBIM KJIEMMaM HHIYKTOpa — HHCTPYMEHTa METO/A.

Hasnagenne CVY cocrout B mpeoOpa3oBaHHM am-
IUTUTYIHO-BPEMEHHBIX I1apaMeTPOB TOKa IpU paspsie
€MKOCTHBIX HAKOIHUTEJNEH, YTO TO3BOJIAET CYIIECTBEHHO
TIOBBICHTH BEIMYMHY CHJIOBOTO BO3zeHCTBHs Ha oOpada-
TBIBAEMBI 00BeKT [4, 5].

Cpenn Bo3MOXHBIX BUIOB CY BBLACTSIOTCS KOH-
CTPYKIMH JUCKOBOTO M IIMJINHIPUYESCKOTO THUIIA.

J1s MOBBILIEHNS NPOYHOCTHBIX MOKAa3aTelned M HC-
KIIFOUCHHS BBICOKHX TIEPEXOIHBIX COMPOTUBICHUN (3HAMN-
TENPHO YBENMYMBAIOIIMX SKBUBAICHTHOS COIPOTHBIICHHUE
HATPY3KH BTOPHYHOIO KOHTYpA), KOTOPHIC BO3HHKAIOT B
MecTax IOACOeArHeHnsT mHAykropa k CVY, mpemioxeHa
COBMEIIICHHAs KOHCTPYKIMS COIJIACYIOIIETO YCTPOICTBA C
MHIIYKTOPOM, YTO O3HAYAET MX M3rOTOBJICHHUE B BHJIE SAUHO-
TO IEJIOr0 — MHCTPYMEHTA MAarHUTHO-MMITYJIECHOI'O BO3ZICH-
creust (U1 3a/laHHOM TIPOW3BOJICTBEHHOM oreparmn) [6].
CrieZIcTBHEM TaKOro KOHCTPYKTHBHOIO PELICHUS SIBIISICTCS
BO3MOXHOCTB CYIIIECTBEHHO MOBBICUTH YPOBEHb Hepeayun
SHEpPrur B pabodyIo 30HY HHCTPYMEHTA.

Crenyer OTMETHTB, YTO MOIOOHOE Y3KO CIIEIHAIIH-

3WPOBAHHOE pEIICHNE B MPUHIMIIE YK€ UMEIO MECTO B
TPaIUIIMOHHON MarHUTHO-UMIYIBCHOH 00paboTke Me-
tamwios [4, 7, 8]. Peub umér 0 KOHIIEHTPATOpaX MarHWT-
HOTO TIOTOKA, MPUMEHSBIINXCS U1 00KMMa TIONBIX ITH-
TUHIPUIECKHUX TPYO.

Comeménaoe CY IMIMHAPHIECKOTO TUTIA, TIPEACTAB-
JsIeT cO00H YCTPOHCTBO ¢ BTOPHIHONW OOMOTKOM B BHJIE TIO-
JIOr0 IWIMHIPA, OFXHO M3 OCHOBAaHMHA KOTOPOTO BHITIONHSET
Taroke (PYHKIMHI UCTIONMHUTEIFHOTO OpraHa — MHCTPYMEHTA.

Henbio HacTosimiel padoOTHI SBISETCS HCCIECIOBA-
HHUE 3JEKTPOMATHUTHBIX TpOIeccoB coBMemEHHoro CY
MUIHHIPAYECKOTO TUTIA C ONMPENEIeHUEM ero OCHOBHBIX
apaMeTpoB U XapaKTEPHUCTHK.

Ha puc. 1 npeacraBieHo cxeMaTHieckoe H300paxe-
HHUE U pacdeTHast Mozens ucciexyemoro CY.

JIncTopas 3aroTOBKa

I 1 ) A-A
PaGouyas 30Ha
HHCTpYMEHTa Bropu4Has Ilepu4Has
I— 0OMOTKa 0O6MOTKa
A A Ry
TTepBiyHas Ry
00MOTKa
R4
BropryHas Rj
06MOTKa
a 0

Puc. 1. CoBMeIIEHHOE COTIIACYIOIIEe YCTPOMCTBO
LITMHAPUIECKOT0 THIIA, C BTOPUYHBIM BUTKOM — ITOJIBIM
IIJIMHAPOM, BEpXHEE OCHOBAHHE KOTOPOTO SBISETCS
HHCTPYMEHTOM — OJHOBHUTKOBBIM MHIYKTOPOM
a — cxemarudeckoe n3obpakenue; 6 — pacaéTHast MOJEIb

Pemenre ipoBOHITCS B TTOJSPHOM CHCTEME KOOP/IHHAT.
ChopmymupyeM JOMYIICHUS U YIIPOIICHHUS, HE BIIH-
SIFOTITUE HA CYIIHOCTH TPEIMETa HCCIICAOBAHMS
® IICPBUYHYI0 OOMOTKY — KATYIIKY C JOCTaTOYHO IDIOT-
HBIM pa3MeIEHHEM BUTKOB (MX YHCIO — W) MOKHO CUHMTAThH
[ETEHO METAIUTMYSCKAM TIOJBIM IIFUIHHAPOM C BHYTPEHHUM
Y BHEIITHUM pajauycamu — Rs, R, COOTBETCTBEHHO;
e BTOpHYHAS OOMOTKA — MOJNBIA METAIUTMUYCCKUHA ITH-
JUHIDP C BHYTPCHHMM W BHEIIHUM paauycamu — R, Ry,
COOTBETCTBEHHO;
® IWIMHAPH MEPBHYHOTO W BTOPUYHOTO BHUTKOB BBI-
MIOJIHEHBI M3 OJWHAKOBLEIX HEMArHWTHEIX METAUIOB C
YACTHHOH AIEKTPOIIPOBOTHOCTHIO — ;
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® [POJONBHBIN — { W pajuajibHbIE pa3sMepbl — Ris34
paccMaTpUBaeMOli CHCTEMBI JIOCTATOYHO BEJIUKH, TaK YTO
UR14>>1uRy534/h>>1, rne h = (R3— Ry) — paccrosime
MEXTy 0OMOTKaMU,

® HaIWYUEM MPOAOJIHHOrO pa3pe3a BO BHYTPCHHEM I[H-
JHMHIpEe TpeHeOperaeM u moliaraeM, 4To CHCTeMa ofnaia-
€T aKCUaJIbHOM cUMMeTpHeii, Tak uto 0/0¢ ~ 0 (¢ — a3u-
MYTaJIbHBINA Yroim);

® B IIEPBHYHOM OOMOTKE COIIACYIONIETO YCTPOUCTBA
UMEET MECTO TONBKO a3WMYTalbHas COCTABJISIONIAsN
wiotHoctr Toka, J(t) = Imj(t), Im — amrmmuryna, j(t) —
BPEMEHHas 3aBHCHMOCTb,

® DIIEKTPOMATHUTHBIC MPOIECCHI YAOBIETBOPSIOT YCIO-
BHUIO KBa3WCTAlMOHAPHOCTH, ®/C-{ << 1, rme » — xapak-
TepHasl IUKIMYIECKasi YacToTa, ¢ — CKOPOCTh CBEeTa B Ba-
Kyyme, { — HanOONbIIMK XapaKTEPHBI TeOMETPHIECKUI
pasMep B CHCTEME.

Jltst pelienust MOCTABICHHON 3a/ia9d COTJIACHO pac-
4ETHOI Moyieny Ha puc. 1,0 Beiiennm ciemyromue oonacTu:
1 — BHyTpeHHss monocTh, ' € [0, Ry];

2 — MeTaJT BHYTPEHHETO MIIMHAPA, I € [Ry, Ry];

3 — WDBIeKTpHUYeCKast TIOJIOCTh MEXKTY IUHApaMH, I € [Ry, R3;
4 — MeTaJuT BHEITHETO IIIHHAPA, I € [Ra, Ry];

5 — cBOGOIHOE IPOCTPAHCTBO BHE CUCTEMB, I' € [Ry, o).

DIIeKTPOMArHUTHBIC TPOIECCH B PACCMATPHBACMOM
CHCTEME OIUCBHIBAIOTCS (PYHAAMEHTAIBHON CHCTEMOit
ypaBHeHui MakcBeiia Uil HeHYIIEBbIX KOMITIOHEHT BEK-
TOpa HANpPSUKEHHOCTH DJIEKTPHYECKOTO M MAarHHTHOTO
noneit E,(r, t) = 0, Hy(r, t) = 0.

%.%(r-E(p(p,r))=—Ho'p'Hz(p’r) (1)
oH, (p,
_OHy(pr)

)y e o) ®

roe P — mapamerp mnpeoOpasoBanmst Jlariaca; o, & —
MATHHUTHAS ¥ JUDJICKTPIYECKast IPOHHUIIAEMOCTH CBOGOIHOIO
npoctpauctsa; E (p, 1) = L{E,(t, N}, H, (p. 1) = L{H. (t, N}.

Cucrema ypasuenuii (1) — (3) B cpenax ¢ pasubmvu
9NEKTPOPU3NUECKUMU  XapaKTepUCTHKAaMH (BakyyM U
METAaJLT) IPUBOAUTCS K COOTBETCTBYIOIMM AubepeHim-
QIBHBIM YPAaBHEHUSIM U HANPSDKEHHOCTH AIICKTpUYE-
CKOTO ITOJIS:

%[% . % (r- E(p(p,r))j—kfz(p)~E(p(p,r)=0, 4)

rae ki(p) — BomHOBOE umcio B Meraiute, Ki(p) = +/ PLoY ;
k2(p) — BoHOBOE uHCIO B Bakyyme, Ko(p) = p/c.

Pelienue mocTaBiIeHHOM 3a1aul HAYHEM C MHTETPH-
poBaHust ypaBHeHus (4) BO BHYTpeHHE! 1 BHENIHEH obia-
crsix paccmarpuBaemoii cucremsl — 1 (r € [0, Ry]) u 5 (r
S [R4, OO))

B BakyyMe BOJHOBOE YHCIIO TSI PEaibHBIX pabodmx
9aCcTOT MarHUTHO-UMITYJIbCHOM 06paboTKu MeTamioB (10
50+70 xl'm) [4, 9] TakoBo, uTO | k2(p) = (p/c)? | — 0.
B mpeneOpexeHn  cIaraeMbIMHU, COICPKAIIMMHE JIAHHBINA
MHOXHUTENb, ypaBHeHue (4) mpeobpa3syercs K BHIY:

a[l.i(r.E(p(p,r))ij. 5)

Erar

dyHgaMeHTaNbHAsE CHUCTEMa pElIeHWH YypaBHEHUS
(5) ectp nmHeiHAS KOMOWHAIMS CTEIICHHBIX (YHKIIAMA
suza [10]:

Eo(pr) =P s ()2, ©)

e Ag »(P) — IPOU3BOIIBHBIE TIOCTOSIHHBIE HHTETPUPOBAHHUS.
VYuTEIBas OTPAaHUYEHHOCTH HANPSLKEHHOCTH DJIEK-
TPUYECKOTO TOJIA BO BHYTPEHHEH IONIOCTH CUCTEMBI M
BHE ¢€, 3anuchbIBacM BhIpaxkeHus st Eq(p,r) B kaxnoii u3
yKa3aHHBIX 00JacTei.
Tak, s r € [0, Ry],

e (pur) = 2P U
Jus r € [Ry, ),
E{(p.r) = Ao(p) ®

C nomomisio (2) u Beipaxenuii (7), (8) Haxomum
HANPsDKEHHOCTH MarHUTHOT'O TIOJIS.
Hustr € [0, Ry],

HO (pr) =- 2P, ©
P-Ho
HesaBucumocts HanpspKEHHOCTH MAarHUTHOTO TIOJIS
OT paJuaJbHOW KOOPIMHATHI BO BHYTPEHHEH MOJOCTH
COrJIacyeTcst ¢ aHAJIOTMYHBIM PE3YJIbTATOM, HOJYYCHHBIM
panee aBropamu [11], u oGBsICHSETCS PUHATBHIME (BHU3H-
YECKHMMH YCIOBHSMH pabOThl paccMaTpUBAaeMON 3JIeK-
TPOIXMHAMUYECKOIN CHCTEMBI.
Jusr € [Ry, ),
H®*(p,r) 0. (10)
Hocroseprocts pesynsrata (10) momrBepxmaercs
BeiBomamu pabor [9, 11], B cooTBETCTBUH C KOTOPHIMH
KacaTeslbHasi COCTAaBIIIONMIAs HANPSHKEHHOCTH MarHUTHO-
IO TOJNA IUIOCKOW BOJHBI HPAKTUYECKH HE IPOHHUKAET
CKBO3b METaJIJI, B CBOOOJHOE MOIYIIPOCTPAHCTBO.
O6uimit uaTerpan ypaBHeHus (6) mist HanpsuKEHHO-
CTH DJIEKTPUYECKOrO IMOJs B METayie BHYTPEHHErO IH-
nuHapa (BTOpUYHBIN BUTOK), obmacts — 2, I € [Ry, Ry,
sanmmercs B Buze [10]:

EP(p. 1) = Gu(p)- I(ka(P)r)+ Di(p)-Ka(ka(P)r). (11)
re lo(z), Ko(z) — Mmomudumposanssie dpynkimn beccens
nepsoro mopsiaka; Ci(p), Di(p) — mpousBonbHBIE MOCTO-
SIHHBIE UHTETPUPOBAHMSL.

C nomompo (2) u (11) HaxomuM HANPHKEHHOCTDH
MarHiTHOT'O TIOJIS.
Husr e [Ry, Ra],

L R el CORECIOR S

~Di(p) Ko(ky(p) 1))
rre lo(z), Ko(z) — Mmomudumposanssie dpynkimu beccenst
[EPBOro HOPSIIKa.

Boipaxenust (11) u (12) MOXKHO mepernucaTs B BHIE
9KCIIOHCHIIMATBHBIX 3aBHCUMOCTEH OT paJualibHBIX Ie-
PEMEHHBIX.

Kak 6buto ykaszano pamee, pabodme 4acTOTHI Mar-
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HUTHO-UMITYJIECHOH OOpabOTKH METAIUIOB HE TPEBBIIIa-
fot ~ 50+70 xI' [4, 9]. Hanpumep, ms f ~ 2 kI u pe-
aBHO BOSMOXKHBIX PaJHalbHEIX PAa3MEPOB paccMaTpuBa-
emoit cuctemsl Ry ~ 0,025+0,25 m ipu y = 6-10" 1/Om'm
(Mep) CripaBeTUBA OIEHKA!

Jo-pug-y Ry >>1 u |k1(P)'R1,2,3,4| >> 1. (13)
C WUCIOJIBb30BAaHUEM ACHMIITOTHYECKHUX Pa3JIOKSHHM
MoaubHUIMpoBaHHbIX (QyHKIMH Beccens, CrpaBemIMBbIX
npu Beimonaennn HepaBeHcts (13), u3 (11) u (12) nmocne
HEOOXOMMBIX TOXKICCTBEHHBIX IPEOOpa30OBaHHUi MOIY-
YaeM CIICyIONIUe 3aBUCUMOCTH Ul KOMIIOHCHT HAIIpsi-
KEHHOCTH JJIEKTPUYESCKOr0 M MAarHUTHOTO MONICH B Me-
Tauie BTOPHYIHOTO BUTKA (IIOCTOSIHHBIC BEIMYMHB, [TOSB-
JSIOIMECST B IPOIECCe MPeoOpa3OBaHMi, BKIOYAEM B
KOHCTaHTHI nHTerpupoBanust) [10].
Husr e [Ry, Ra],

E(Z) ~ C ki(p)r
(b1 = [cu(o)-e ”
+Dy(p)-¢ (P
HO(p 1) ~—— T, ki(p)r

P = ki (p) ( (p)-e (15)
_D(p).e*k:l(P)r)

Boipaxenust (9) u (10), aHaIOrHYHO 3aBUCHMOCTSIM
(14) u (15), nepemnuiiemM B BUE COBOKYITHOCTH (POPMYIL,
OIPE/IENAOINX MOJIC BO BHYTPEHHEH MOJIOCTH CHCTEMBI.
Hmsr e [0, Ry],

E(l)(p r) = Aﬁ.(p) (16)
HO (p,r) =—% a”

PaBeHCTBO HYITIO HANPSXKEHHOCTH MATHATHOTO TTOJIS
BHe crucreMbl — (10) ¥ 3aKOH MOJHOTO TOKA IS TIepBUY-
HOW OOMOTKHM MpPH OCTATOYHO MAajoM H3OJIAIUOHHOM
3a30pe MEXIy Hell U BTOPUYIHOU 0OMOTKO#M (CTpOro, ecitu
h — 0) no3BonsroT 3aMMcaTh, YTO:

HO(p,r = Ry) = 2.
l
rae L — u3obpaxenne Toka, MHIYIMPOBAHHOTO B METAILIE
BHYTPCHHETO [IJIMHAPA, TAKKE MOXKET OBITh OIPEICICHO
C MOMOIIBIO 3aKOHA HOJIHOro Toka [12].

(18)

HO (p,r=R)- H(Z)(pr—R)~—1(p) (19)

3aBucumocth (18) moxcraBum B BeIpakenue (19).

[Tonydum, yToO:
J +J -W
||§2)(p,r——R1)~[ 1(p) ; (p) j

Crenyer OTMETHTh JOCTOBEpHOCTH (opmynsl (20).
JlaHHas 3aIKCh MOJTHOCTBIO COTJIACYETCS C 3aKOHOM ITOJI-
HOTO TOKa /U KOHTYpa, OTpaHMYMBAIOIIEro BO30YKaa-
IOIMI ¥ WHIYIUPOBAHHBIN TOKU (BHEIIHUN M BHYTPEH-
HUI TPOBOIUIIINE [UIMHIPHI), TOCKOIBKY BHE CHCTEMBI
HanpsDKEHHOCTH cTpeMuTes K Hyiio (10).

VYcnoBust HENPEPHIBHOCTH TaHT€HIMAIBHBIX KOMITO-
HEHT BEKTOpa HaNpsHKEHHOCTH AJIEKTPOMATHUTHOTO TTOJIS
Ha TpaHUIax pasjaena obnacreit 1 — 2, r = R;, momonmHeH-
HbIe 3aBUCHMOCTBIO (20), IPUBOMSIT K CHCTEME JIMHEHHBIX

(20)

anrebpanvecKuX ypaBHEHHH OTHOCHUTEIBHO HEW3BECTHBIX
NPOM3BONBHBIX MOCTOSHHBIX B Bhipakenmsix (14), (15) u
TOKa, WHIY[MPOBAHHOTO BO BTOPHYHOW OOMOTKE pac-
CMaTPUBAEMOr'0 COTJIACYIOIIEr0 YCTPOUCTRA.

1 ( k(p)-Ry fkl(p)-Rl)_
7= Cu(p)-e +Di(p)-e =
x/R_l (21)
_ AR
o
;. C (p),ek1(P)'R1 _ (p),e* ki (p)-Ry —
(PR S o )
_A(p) (22)
p-ug ,
;. C (p),ek1(P)'R1 _ (p),e* ki (p)-Ry ~
ke (p)YRy e o ) N
z[al(pm(p)w} 23
V4

HUckiiouns A;(p) u3 ypasuenuii (21) u (22), naxo-
JIM CBSI3b CIICIYIOIETO BU/A:

Cl(p).ekl(p)'Rl - (MJ Dl(p).e*kl(P)-Rl . (24)
()R -2
Ipu Beimonuenunn ycnoBust (13) Beipaxkenue (24)
NPUHUMAET BH:
Cy(p)-e PR~ Dy (p)-e (PR (25)
Ces3p (25) moncrasum B ypasaenue (23). ITocme
nepexojia B IPOCTPAHCTBO OPHTUHAIIOB, HAXOMIHM, UTO:
Ji(t) = —w-J(t). (26)
HocroBepHOCTh pe3ynbrara (26) moxTBepikmaeTcs
CpaBHEHHEM C aHAJIOTUYHOI 3aBUCHMOCTBIO JUIS MHIYIIHU-
poBaHHBIX TOKOB B CY ¢ AByMS BTOPHYHBIMH BHTKaMH B
BHUJIe KOAKCHAIIBHBIX TIONBIX LIJIMHAPOB, MEXKIY KOTOPHI-
MH pa3MellleHa IIepBUYHAs MHOTOBHTKOBasi oomotka [3].
B mpenerne, xoraa TOJNIMHA BHEIIHETO LMIMHAPA-BUTKA
CTpPEMHTCS K HYJIO, HHIYUPOBAHHBIA TOK, TaK K& KaK U
B (26), mpomopIHOHaNeH TOKY HHAYKTOpa ¢ KOd(huim-
€HTOM MpPOMOPLUHOHAIEHOCTH, PaBHBIM YHCIy BHUTKOB B
TIEpBUYHOI OOMOTKE.
3aBUCUMOCTH, TIONYYCHHBIC TIPH  IPOBEICHUH
HACTOSIIIMX BBIMUCIICHUH, TIPUBOJAT K CICOYIOIIEMY BBI-
BOJIy: TIPY JOCTATOYHOM JIHMHE CUCTEMBI (£ >> Riax, Rmax
— MaKCHMaJbHbBIA PaJnyc) W BBIMOIHEHUU IBOWHOTO He-

paserctBa (13) (oo Y Rmin >>1, Rmin — Munw-

MaJIBHBII paauyc) BelndrHa KodddHImeHTa TpaHchopma-
LM T10 TOKY JOCTHTaeT CBOETO MaKCHMAJIBHOTO 3HAYCHHUS,
PaBHOTO YKCITy BUTKOB B IIEPBUYHON OOMOTKE PacCMOTpEH-
HOT'0 COMJIACYIOIIETO YCTPOICTBA.

BBIBOJIbI
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IYKTOp) Il MarHUTHO-UMITYJIbCHOTO MPHTSDKEHUS TOH-
KOCTEHHBIX JINCTOBBIX METAJUIOB, YTO MO3BOJIET CyIIE-
CTBEHHO IOBBICUTh YPOBEHb IE€pEladd 3HEPTHU OT HC-
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2. YCTaHOBIICHO, YTO VIS ONPENeIEHHON reOMeTprun
CHUCTEMBI, BPEMEHHBIX MapaMeTpPOB TOKA B IMEPBUYHOU
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