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ARCHITECTURE

APXITEKTYPHA PEABUIITALIS KOJIMIIHIX BHPOBHUYUX BY AIBEJIB I IIPOCTOPY
JIUISI HABYAHHS TA TBOPYOCTI AITE (HA IPUKJIAJI ®ABPUKU BJIIOMEH®EJBIA ¥V
JbBOBI)

learnos-Kocmeuwkuii C.O.

Hayionanvnuii ynieepcumem «JIo8iscora nonimexnixay

Kageopa ousaiiny apximexmyprozo cepedosuuya

ARCHITECTURAL REHABILITATION OF FORMER FACTORIES FOR THE
CENTER OF ARTISTIC CHILD CREATIVITY AND DEVELOPMENT (ON EXAMPLE OF
BLUMENFELD FACTORY IN LVIV)

AHOTALISA

lvanov-Kostetskiy S.
Lviv Polytechnic National University

[TpoananizoBaHo 0COOIMBOCTI MPOMHCIIOBHX, 30KpeMa, BUPOOHHYHX OyIiBelb, 0 NOTPeOYyIOTh peHOBALlT;
JIOCTIIKEHO KonuInHio (adpuky biromendenbaa y micti JIbBOBI Ta pO3MIISHYTO MOXIIUBICTh ii peadimiTariii mia
TBOPYHHI TUTSYHAN IIEHTP; OKpECIeHO 0a30Bi 3acaiy amanTaiii OyaiBenb, Ki MOXKHA IepeoOIagHaTy s mepedy-

BaHHA B HAX IIiTEMN.
ABSTRACT

The paper explores the features of industrial buildings which need renovation; investigated former factory of
Blumenfeld in L’viv and considered it rehabilitation into Creative Children's Center; outlined the basic foundations

of buildings that are designed to stay children there.

KarouoBi cioBa: TBopunii mutsunii ieHTp, BUpoOHUYa criopyaa, ['enpix bimomendensa, apxiTektypHa pe-
aOlniTalis, peHoBallisl, aAanTaris, IPOMHUCIOBA TEPUTOPIs, JTOPT.
Keywords: Children's creative center, industrial building, Henrik Blumenfeld, architectural rehabilitation,

renovation, adaptation, industrial territory, loft.

IHocranoBka npodaemu

[IpomucnoBi 30HM, 5Ki y CBiif yac OyiH HEHTpaMu
IHAYCTPIiaIbHOTO KHUTTS, CbOTO/IHI BCE YACTIllIe IMepeT-
BOPIOIOTHCS B 3aKMHYTI JCTPECHBHI 30HU. 3aHen0aHi
MICIISI IPUHOCATH MicTaM BEJIHKi 30UTKH — OyiBII 3a-
HeNaaoTh, 03 AOTIIay 3aiMaloTh SIK MaJli Ta i 3Ha-
YHI TEpUTOPIT 1 IICYIOTh 3arajbHe BpaXKeHHs 1 00pa3 Mi-
cra. Ix Teputopist po3risaaeThes K MOTEHIIHHMI pe-
3epB AJISl MOAAJBLIOTO0 PO3BUTKY MICBKOTO MPOCTOPY
HIISIXOM aJanTalii IpOMHUCIOBUX 00'€KTIB MiJl HOBY Bi-
JUIOBITHY JTONUIBHY (PYHKIIIO.

3 iHIoro OOKYy KUTENl MicTa IOTPEOYIOTh HOBUX
3aKJIajiB, 30KpeMa, ISl HaBYaHHS Ta PO3BUTKY JUTEH.
AjpKe BiZIBIlyBaHHS IUTHHU «TBOPYOTO LIEHTPY» € JI0-
CHUTh Ba)XXJIMBHM acCIIEKTOM Yy ii BUXOBaHHI. Y LEHTpi
yBar" IO3aIIKUILHOI MeJaroriku CToiTh 0COOHMCTICTH
JUTHHH 3 11 oTpedamu Ta inTepecamu. Pobora rypTkis
TaKOTO THITy Ma€ Ha METi PO3KPHUTTS TBOPUOTO MOTEH-
Iiayry, pO3BUTOK MPaKTHYHIX HABUYIOK B chepi XymToxK-
HBO-TBOPUOi iSMBHOCTI, (OPMYBaHHS €CTETUYHOTO
CBiTOBIqUyTTA. HaBuaHHA niTe y TakoMy IIEHTpI
cripusie 30aradyeHHIO0 TBOPYOCTI JUTHHH, TO3BOJISAE 1
CaMOCTIHHO BHpIIIyBaTH TBOPYi 3aBIAHHS.

AHaJii3 0CTaHHIX J0C/TiKeHb Ta myOsikanii

BimHOCHO CHITBHA TEHICHIIISI PO «BIAPOHKESHHS
1 IepeBTiICHH] 1HAYCTpiaJIbHUX, 30KpeMa-BUPOOHHINX
OyniBenb Ta MPUMIIIEHb Y KYJBTYPHI IEHTPH, HA ChO-
TOAHIIIHIH JIeHb, O1IbII HIX NOMyJIsipHa. [cHye Benuka

KUTBKICTh TPHUKIAIIB TOTO, K 3aHEA0aHi MPOCTOPH, B
SKUX paHime (YHKIIOHYBall 3aBOIU i (paOpuKu, —
ajanToBaHi, peabinmiToBaHi. PexoHcTpyKIlis 3aHenOa-
HUX 1HIycTpiadbHHUX OyZiBens B cydacHi LleHTpu Bxke
JIABHO CTaJIM TPEHIOM CY4acHOT apXiTeKTypH, 110 BiJl0-
Opakae coliaTbHO-eKOHOMIYHI 3MiHH, SKI BimOyBa-
I0ThCs y cBiTi. Taka npakTHKa JO3BOJISIE HE TIIBKU OHO-
BUTH CTarHyroui «3aKyTOYKH» MiCbKOi 3a0yHoBH, a #
3a0e3rnedye iCTOTHY €KOHOMIIO y BUTpATi, HANPHUKIIAL,
Ha HOBE OY/IIBHUIITBO Ta JJIEMOHTAX CTapoi.

Jociimkeno GyHKIIT Ta MPU3HAYCHHS KOJHUIIHIX
BUPOOHUYHUX CIIOPY/I, IO MepenpodiIoBaIucs Ha Po-
CTip JUIsS HAaBUAHHS Ta PO3BUTKY JITEH, IIPOaHaIi30BaHO
BITYM3HIHUI JJOCBiZ Ta CBITOBI aHaiory (puc.l):

e Illkona s aiteit mosommoro Biky Ikea (Ekya
Early Years); apx.: Kipa Ilerenn, Eniza Xirrine, I'pe-
ryap Posirnon (Collective Project); Kapnaraka, Inais;
2014 pik [1];

e bBynuHok mo mormisay 3a nitbMu B Kemmepaa-
yui (Camperdown Childcare); apx.: Yimn ®@yar, [Tatpik
Bpayn, Tina Enrens; Kemnepnayn, Asctpanis; 2014
pik [2];

e Jlursaua HaykoBa jaGopatopis (Kids Science
Labs); apx.: Byaxayc Tinnaci; Liutinotic, CIIA; 2014
pik [3];
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Puc. 1. Ceéimosuii 0ocsio peabinimayii KOIUWHIX GUPOOHUYUX OYOi6enb Ni0 MEOPUL OUMsYI YeHMpPU.:
a) Llxona ons dimeti monoowoeo 6ixy Ixea, Inois, 2014 p. [1]; 6) Byounok no 0oensidy 3a dimvmu 8
Kemnepoayni, Aecmpania, 2014 p. [2]; 8) Jumaua naykoea nabopamopis, CLLIA, 2014 p. [3]

e Jlursue micreuko (Kids Village); apx.: I'ni6 ®opMyII0BaHHSA METH CTATTI
Cemsikun, SpoBa Karepuna, Inna Ilanosanosa; MeTor0 1IbOTO JIOCHIPKEHHS € BUCBITIIEHHS OCHO-
Mockga, Pocisi; 2014-2015 poxw; BHUX pIllICHb, IO NMPUTAMaHHI apXiTeKTypl IUTSIHX
e Jlursuuii uentp «Enepris cBitna» (Fai-Fah);  LEHTpIiB IPU apXiTEKTYpHil pealbiniTalii KONHUIIHIX BU-
apx.: Spark Architects; Taiman; 2012 pik [4]. pobuuuux OyxiBenb Ha npuknani padpuxu bmome-

Hbenbaa y JIbBoBi.
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Buknan ocHOBHOTO MaTepiaay

o miit rematuti Ha Kadenpi «/u3aita apxiTekTy-
pHOTO cepenoBummay y HamioHanpHOMY yHiBepCHTETI
«JIpBiBCPKA TIONITEXHIKa» BXKE HE OAWH PiK IPOBO-
JUTBCSI IUIUIOMHE Ta HAyKOBO-EKCIICPUMEHTAJIbHE
MPOEKTYBAaHHS MIOAO apXiTeKTYpHO-(PYHKIIOHATIHHOT
peabiniTamii iCTOPUYHOI TNPOMHCIIOBOI apXIiTEKTYpH
JIbBoBa. 30kpema, Oyn0 po3polieHo /Ba AUIUIOMHHX
MPOCKTH Ha TeMy: «JM3aliH mPOCTOPIB Ta PyHKI[IOHA-
JIbHA afanTaiis KoJUIHbo1 (padpuku biomendensna
Ha ByJ. b. XMenbHUIBKOTO y M. JIBBOBI il IEHTP MU-
CTELbKOI TUTSAY0T TBOPUOCTI Ta PO3BUTKY» OakaiaBpa
apxitekrypu (4-# pik HapuaHH:) Cano B.€., 2015 p. Ta
«ApXiTeKTypHa peabimiTallis apXiTeKTypHOTO cepero-
BUIIA KONWIIHBOI (abpuku bmoMmeHndempsaa y M.
JIbBOBI miJ iHTEPAKTHBHUN HEHTP AUTIYOI TBOPUOCTI
Ta PO3BUTKY» OakajaBpa apXiTekTypu (4-ii pik HaB-
yanHsi) MenpanuyK f.1., 2018 p. poGoTH mig KepiBHU-
LTBOM KaHJ. apxit., no1. IBanosa-Kocrempkoro C.O.

B 1p0My npoekTi NponoHyeThes GpyHKIIOHANBHA
ajanranis konumHboi (adbpuku ['enpixa birome-
Hbenbaa M UEHTP TUTAY0i MUCTEIHKOI TBOPUOCTI i
po3BuTKy. Ilepen moyarkoM NPOEKTYBaHHS [OCIHi-
JDKEHa icTopis OymiBIIi, a TAKOXK MPOBEACHA KOMILICK-
CHa OIliHKa iICHYIOUOTO CTaHy Ta apXiBHHX MaTepialiB,
II0 CTOCYIOThCS KOMUINHBOI (padbpuku brromendensa,
a TaKoXXK MPWJIETIIAX 70 Hel OyIiBels.

Icmopuuna cknadosa icnywuozo 06'ekmy. J1ox-
top (apmanii ['enpix bmomendensn (Dr. Henryk
Blumenfeld, 1855-1930) — antekap, mianpuemenp, da-
OpukaHT, BaacHUK anTeku «Ilimx 30J0THM CIOHOM»
(Byn. b. XmensHuipkoro, 4; puc. 2, puc. 3, puc. 4) ta
XIMIYHOTO MmigIpueMCTBa. ['eHpix OYB OMHUM 3 1B’ ITH
JiTel y poxuni rosoBu Karamy eBpeiichbKol rpoMaiu,
nepuoro espesi-azBokata y JIbBOBI, JOKTOpa mpaBa
Emanyens bmromendensaa (Dr. Emanuel Blumenfeld,
1801-1880). I'erpix 3acHyBaB Ha 0a3i anTeyHOI J1abo-
paropii y 1882 pori HeBenrke BUPOOHUIITBO CYIIOBUX
KOoHCepBiB (ByI. b. XMenpHHIIEKOTO, 6), TKUMH ITOCTA-
4aB aBCTpiiicbke Bilickko. Y 1890 p. Ha 6a3i peoprasi-
3oBaHOi amreku I. BmomeHdpensn BinkpuBae «gad-
PHKY Xap4OBHX KOHCEPBIB, JaKiB, (apd Ta KpeHasHux
BUPOOIBY, sIKa OJIHOYACHO BUTOTOBJIsIA CYIIOBI KOHCE-
pBH, BlKOHHy 3aMa3Ky i kpeioBi Bupobu. ¥V 1901 p.

Bmomendensa Kymmye TepUTOPiI0 KONHUITHEOTO MIIMHA
Hatana Ma’epa (sixmit 3ropiB y 1894 p.) Ha Byn. Muu-
Hapcekii, 13 (tenep Byn. Ximiuna, 4). A 'y 1902 p. BiH
MEPEHOCUTh Ha II0 TEPUTOPiI0 BUPOOHHUITBO JIAKiB 1
¢bapb, opranizyBasmu «llepmry ['amnmpky padpuky xi-
MIYHHX BHPOOiIB» (CHiBBIACHUKOM (haOpHKH pa3oM i3
I'enpixom bnromeHdenbaoM crae HOro CHH JOKTOP
npaBa Emanyens Tapeym biitomendensa (Dr. Emanuel
Tad. Blumenfeld); puc.5, puc. 6, puc. 7). Birome-
Hbenb 3acHyB y JIbBoBI nepiry B ["anuuuni habpuky
nepepoOKH XIMIYHUX MPOJYKTIB, sSIKa BUTOTOBIISUIA Xi-
MIYHI [Tpenapary, pociIuHHI Macia, Jaku, Gpapou (B ne-
pure BupoOisinack (apbda 6ioro Komeopy) i po3UMH-
HUKU JUII TEXHIYHUX Iinedt. Ximigaa ¢abpuka Bigo-
kpemmiacs Bix anteku «lIlim 3omoTHM cioHom». B
npuMimnieHi ¢padpuku koHCepBiB biromendensaa (By.
Bb. XmenpauIBEKOTO, 4-6; prc.8) y 1912 p. obnamnamu
¢$abpuky Batu Enmsctep-Cokanb, ay 1929 p. —Bcio cnio-
pyay 3aiimMana mekaphs AOpaxama Illtepna [5]. Bin
2000-x pokiB npuminieHHs padpuku (Tenep agpeca Oy-
niBii — Byn. PuOHa, 3A) Hanexxath npuBaTHii 0co0i,
sIKa 4ac BiJ 4acy Hajae MPUMIIICHHs M€l OyaiBmi B
opeHny mig odicu (puc. 9).

[pu nocmimkeHHS 00'€KTy BH3HAYCHO, IO Oyi-
BIIS IOTpeOye apXiTeKTYpHOI peabiniTamii Ta peKoHC-
TpyKLii, 6arato i3 iCHyFOUYMX IIHHUX EJIEMEHTIB apXi-
TEKTypH Ta NEeKOpy HeoOximHo 30epiraTu y mporeci
MIPOCKTYBAaHHS Ta aJamTalii.

Memoduka eubopy npozpamu _peadinimauii.
Kann. apxir. C.O. IBanoBom-Kocrenpkum y 2007-2011
pokax OyJio IpoBe/IeHE AOCIIKEHHS Ta 3aXUILIEHO Ka-
HIAWJIATCHKY AucepTaiiro mo temi: «[IpuHiumnu apxire-
KTypHO-(QYHKIIIOHAJIbHOT ~ peabimitanii  iCTOpUYHHUX
MIPOMHUCIIOBUX OyaiBesb Ta ciopym» [5]. ¥V miii poboTi
PO3KPHTI IPHHIUIIK 1 METO/IN apXiTeKTypHO-(yHKIIiO-
HaBbHOI peabimiTamil MiHHOI ICTOPUYHOI IHAYCTpiab-
HOi crammuH. BusHavueHo, 1mo 1 peabiniTamis iHIy-
CTpiaNbHOI CIIAANINHA B yMOBaX Cy4acHO! YKpaiHu —
IIe BiZIPO/KEHHS MICBKOTO CEpeIOBHINA Ta IPOMUC-
JIOBO-BHPOOHMYOTO 00’€KTY Y 3B’SI3Ky 3 HOTO I[iHHUM
ICTOPHYHAM Ta KYJIBTYPOJOTIYHO-(DYHKITIOHATEHUM
3HAUEHHSIM; apXiTeKTypHO-(QyHKIIOHANBHA peadiiiTa-
1ist MOXe OyTH 13

d ]}'emwwmm za swe ryroby nawystamwie prayrod-lekarskicy ¢
w Frakowie 1887 1

o3| APTI ERA jrod ztot. Stoniern. HENRYRA BLUNENFELDA
14 we LWOWIE.

N B
FABRYKA WINLECZNICZYCH |
Malagi z éelazem,z diing, dinaize. |
luzem,z reharbarm, fosforanen.-
wapna.
WINA PEPSYNOWEGOD Z DIASTAZA

HURTQ WNY TOWRAOT
. APIEWARSKICH
PRZYRZADOW | APARATOW LEXARSKICH
lmnjrn\\fh i njmnum\rh

Mpemiosasa Ha BLICTABAXH: NPHPOANHMO-AbKapcKkdH ew Kpakoet 1881 p. w ruricununo-Abnap-
CHOH, AWARKTWIHO-NPHPOANNYOH y Absoss 1888 p. 3a coow mRipoGit

Antusa n0xs ,3o0x0tmns Caomewn® y Jnnonh
nopyyae exbaywosi |

CPEACTBA N6YHHY0-BETEPHHAPIHHA |

uLpoly amnapst
mopysen wepeen . mpopecopd, Kbl . K. USAT BCTepISpIALON: T, A9,
piprsese il i

paicrnro, Kpyaunconckoro u Kpcroumun, zotost sepess wes.
npit ot Boiicin
Maiopa % 7. & % Codim il NROTIVS APYFEXH AHINOCTOL.

Dnonan pereunpmumtblﬁ, Hapnavckifi nomwsHbIA NOPOWIOKD, |

Isun duowaicn 1 9p. 20 k.

Cmapoeuno ua rpyay,

e
Tthmn nomun |

Tian oywsor 1 ap. 20 xp

B /2R yHHKNEHR noutmn M OAALCHOMKATOBS NPOWY BLIPA3HO WAAATH
XS M2[KOI0 0XODOKHOK H NGANMCOM®
anr. I'eupuka anemensm

Puc. 2. Pexnama «Anmexu nio sonomum Cnonom I'enpika
Bnomengenvoa y Jlvsosin. 1887 p. [6, c.2]

Puc. 3. Pexnama «Anmexu nio 3010mum
Cnonomy y Jlveoei. 1891 p. [7, c.4]
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Puc. 4. Emuxemxa ma nionuc anmexaps I enpixa Brromengpenvoa. 1887 p. [6, c.2]

i T Pierwsza Galicyjska Fabryka Produktéw Chemicznych
24 ~ jako to:
""f&"" FARB, POKOSTOW, LAKIEROW I T. P.

[, gal. Fabryka produktiw chemicznyeh, lakierdw, farb, HENRYKA BLUMENFELDA
pokostw, Smardw, keedy, wyrohdw hredowyeh i L. p. WE LWOWIE. :

Keneyka Blumenfelda we Lwowie

= wyrabia
W oddziate . FABRYKA LAKIEROW | POKOSTOW: Pokost Infany | sztuczny, Lakiery damarowe
kopalowe, spintusowe, sekatywy, brunoliny, laklery asfaltowe do 2elaza; emalie, farby laklerowe
i alejne; farby i lakiery do podlég, drzwi, okien i écian itp, Emalie i lakiery do malowania maszyn
rolniczych, radyatoréw, konstrukeyj mostowych itp. Lakiery do modell drewnianych dla odlewari 2elaza.
W oddziale 1l FABRYKA FARB. Farby suche. Farby zlemne: Ugier w 6 odcleniach, Crerwicit
Karmazynowa pompejuiiska, farby ceame. Farby chemiczne: 20lfe, nicbieskie, zlclone, crerwone,
do wapno, pokostu i lukleru, we wszystkich kolorach i odcieniach. Farby fasadowe biale | kolorowe,
wytrzymale na deszcz, slofice | inne wplywy atmosferycre.
W oddziale Il FABRYKA SMAROW
1 OLEL Smary do maszyn i wozdw,
Tluszez Tavots, Waselina biaka, Z0ka
i czama do maszyn i do skér, oleje ma
szynowe, Karbolineum przeciwko  gniclu
drzewa: ter drzewny, clcjowy | pegazowy
Terpentyna polska,
W oddziale 1V. FABRYKA KREDY | WY-
RBh Lay, ROBOW KREDOWYCH. Kreda mielona,
Q-EP‘ T, P plawion (szlamowana) dla malarzy, specyalna
GOTOWA kreda plwiona dla karmicnia bydh. Kreda
00 UZYTKY, po || W laskach, rznigta i prasowana. dia szkot
PRZBLAKIEROWA. §| 1 kawiard, Kieda bilardowa kolorowa. Ol6wki
Nia Scans wapte ) 1 kredki kolorowe dla blur, magazynow, le-
gniczyeh itp. Pastele kolorowe artystyczne
i dziccinne. Kreda krawiecke. Kit seklarski do
okien. Kit miniowy 1 Zelazny.
W oddziale V. ARTYKULY CHEM.-TECHN.
DLA UZYTKU DOMOWEGO. Czemidlo
do butdw ,Kiliiskiego®, Pasta do bucikow,
Pasta, kredka i proszek do czyszczenia metali.
Smolka do fiaszek. Lak pocztowy do piecag-
towania listow. Masa francuska | wosk do

podidg. Olej:do padiy. WYTWARZA I POLECA:

.0 x ¥ L i m' lakicry nitrocel do skér nacco, galanter. i inn, kryjace i bezbarwne
lakiery ochronne i materjaly pomocnicze.

O x ¥y 1 i n* lakicry do obcasow i opanck.

.C L t ofln* faby wodne do skér o wysokiej koncentracji.

Poleca uwadze PP. Indynieréw, Architektéw, Budowniczych | wogéle wssysticich, ktbrzy preemystem bu-
dowlanym | maszynowym w kraju siq xajmuja, wiasne wyroby niedoscignione pod wagledem jakodci
cen a mianowici

NAJLEPSZE FARBY

FARBY HYDROSILIKATOWE.
Farby te do fasad, u.uu schodowych i robdt wewngtrznych sig nadajace, dajq powtoki co do wygladu
x?pelile do farh olejnych podobne. A wige polysk matowy nie ustepujacy praes smywanie lub oczyszcra-

nie  prochéw. Nie fussesn ui nie smicaiajy kolora, 4 ogniotrwaie, wytrzymale na stoice | wpiywy

osferycan hmn-e o w whycla hadrwycia) osscicdne, bajecanic tanie (jeden kg,
Binie) farby wystarozajace) na 12 metriw, 50 halersy, “knlorowe) xad 60 hul) & majnc whaystiie Zalety
Tark olajaycls mle majy wad tyehde, Jak sapalnché, sapachy itd

hryka dostareas swych wyrobéw o sseregu lat dla . k. Zaktadéw kol pasiatwowych, waryathich sapi-

ch, dia kolel elektrycane) we Lwowle | wiclu lnnych plerwasorsqdnyel: sailadow | aktonny
iwie najdale] Macych ustspstw w cenie | cie, prostac PP, Injynicrow, Architektow,
downiczych itd. o taskawe poparcie te] jedynej w kraju fabryki tego rodzaju.

: iLfMg

a3 ARLIOWO- oy Puc. 6. Pexnama «Ilepuoi canuyvroi ¢habpuxu

NPOOYKMI8 XIMIUHUX ... »
y JIvsosi. 1907 p. [9, c.24]

Fabryka Farb | Lakierow

Henryka Blumenfelda

Lwow, ul. J. Hermana 31

I
55 |

|
I
|
I

FABRYKA CHEIA.FARS.| LAK"RO\VI POKOSTOW

*HENRYKABLVNENFELDA-

~LWOW MEYNARSKA-13+ TELEFON 152~

Zey Top L & IL glans do farb wodnych,
. . . Finish B, 26. camy o wybitaym polysku i wielkiej wydajnokci.
Proszg zaiqdac proedloienia oferty i preestania cennikow i wzornikow. e S0
Ponadto wszystkic specjalne lakicry i emalje do lakiero-
= e N wania samochodéw, mebli, écian, grzejnikéw i t p.

Puc. 5. Pexnama «Ilepuioi canuyvkoi ¢pabpuxu Puc. 7. Pexnama « @abpuxu pap6 i raxie
npoOyKmIig XiMiunux, 1axie, gap6...» y Jlveosi. 1913 p. Tenpixa Bruomengervoar y Jlvsosi. 1937 p. [10,
[8, c.158] c.80]
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Puc. 8. Apxisni kpecienns gpabpuxu.: nosepxosi nianu, oOiunull pacao, no63006XHCHIN Ma NonepeyHull po3pisu,
cumyayitna cxema (1899 p.); 6pama (1910 p.), nepepiz npoxody iz apxoio 0axy ma niar KOHCMpPYKYiu

Haxkpumms 6x00y 3i cmopoHu eyi. Pubnoi (1914 p.) [pomo asmopa, 2015 p., /JAJIO]
b — * 9.~ e ge

Puc. 9. Cyltacuzl cmam &)ﬁpuku Bromengenvoa Ha-ey/z'. >P%46Hl'12, 3A. [ qbomo asmopa, 2018 p.]

MOBHOIO 200 4aCTKOBOIO 3MIHOIO MEPBICHOTO (Y-
HKITIOHAJIBHOTO MPHU3HAYCHHs. BUSIBIEHO JABI OCHOBHI
rpyIH OPOMHKCIOBUX 00’€KTIB: 00’€KTH 3HAYHOI iCTO-
PHKO-KYJIbTYPHOI IIIHHOCTI (T1aM’ITHUKH [TPOMHUCIIOBOT
apXiTEeKTypu) Ta THIOBI HEWTpaJlbHI IPOMHCIIOBI
00’exTH (cepiiiHi, yHiikoBaHI IPOMHUCIIOBI OyIiBII Ta
CIIOpYy/¥), BIAMIOBIAHO 110 SKKUX Oyi10 chopMOBaHO IH-
(hepeHifioBaHMiA miaXif i yac peadimitamii. Apxite-
KTypHO-MIiCTOOYIiBHI 3aBaaHHs peaOinmitauii mossra-
10Th Y-

1) BusBICHHI Ta 30€peKCHHI IIHHUX 00’ €KTIB
MIPOMHCIIOBOI CIIAJIIMHA; BBEACHHI iX 10 HOBUX apXi-
TEKTYPHHUX aHCAMOJIiB sik 0a30BUX €JIEMEHTIB;

2) yHiBepcallbHOMY BHKOPHUCTaHHI TEpUTOpIi Ta
OyniBeb;

3) 3a0e3mnedeHHi THY4KOi IJIaHyBaJIbHOI OpraHiza-
1ii; QyHKI[IOHAIBEHOT, €KOJIOTIYHO1, ECTETUYHOT, EKOHO-
MIYHOT afjanTaiii 00’ €KTiB y MICbKOMY CEPEIOBHIIIL.
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Konuenuin apximexkmypno-@ynkuionanvnoi pe-
aoinimauyii _gpadpuxu_briomenghensoa (IurIoMHUI
nmpoekT «/{n3aitH mpocTopiB Ta GyHKIiIOHATIRHA a/all-
TaIlis KoIuImHboi (adbpuku bromengensaa Ha By b.
XMenbHUIBKOTO y M. JIBBOBI IMiJ HEHTP MHCTEIBKOI
JIUTSY01 TBOPUOCTI Ta PO3BUTKY» OakaiaBpa apXiTek-
Typu (4-i1 pik HaByanus) Cano B.€., 2015 p.; puc. 10
Ta JAWIUIOMHHH IPOEKT «ApPXITEKTypHa peadimiTariis
ApXITEKTYPHOTO CEPEIOBHINA KOJHUIIHBOT (HaOpUKU
Bbrromendensna y M. JIbBOBI 1ij1 IHTepaKTUBHUH LIEHTP
JUTSY0T TBOPUOCTI Ta PO3BUTKY» OakajaBpa apXiTek-
TypH (4-# pik HaByaHH:S) MenbHuuyk f1.1., 2018 p.; po-
0OTH Imi [T KepiBHULITBOM KaHJ. apXiT., 1o1. IBanoBa-Ko-
creupkoro C.O.; puc. 11). KoHmenmist npoexTy neHTpy
JTUTSY01 TBOPUOCTi Ta PO3BHUTKY IIOJISATAE y CTBOPEHHI
Cy4acHOTO O0’€KTy 3 JOTPUMAHHSAM YHHHUX HOPM,
KN OyJe BOFCYBaTHCS B iCTOpUYHE C(OPMOBAHE Ce-
penoBume. XapakTepHi OCOOJIHBOCTI mepenpodiibo-
BaHUX 00’€KTiB OYMYyIOTHCSA HA MOETHAHHI CYyYaCHHUX
MaTepialiiB i METO/1iB Oy MIBHUIITBA 13 apXITEKTYPOIO ic-
TOPUYHUI TPOMHUCIIOBUX OYyIiBEIb.

B mpoexTi 3anponoHoBaHo 30€peKeHHs iCTOpHY-
HUX (hacaniB habpuku, a 3a paxyHOK CTpUMaHuX Gopm
Ha0y/I0BM 3 BUKOPUCTAHHSAM CKJISTHHX IOBEPXOHb Ta
MeTaly, alanTyBaTH BHYTPIIIHIN MPOCTIp OO MOCTaB-
JIeHUX 3aBaaHb. s Oe3neku AiTell Ta IMIyMO3axucTy,
3alPOCKTOBAHO CKIIAHY BITPUHY 3 BXiIHHM MOPTAJIOM,
ska O Bigmiamia OyIiBIIO AUTSIOTO IEHTPY BiX MPOi3-
HOi yacTiHH (Bynumi b. XMenTpHUIIEKOT0), @ TAKOX 3a-
BepiInia 01 KOMITO3uIliio OyaiBii. B mpoekti mepeada-
Ya€ThCsl BAKOPUCTAHHS TOPIBOBUX (hacaliB JOTHYHHX
CyCIZHIX OYIMHKIB, K IUIOLIMHHU, HA SKUX OYIyTh 30-
OpakeHi KOHTypH OyIWHOYKIB Ta HAIMCH AN CTBO-
PEHHSI CBOEPITHOTO, IHTEPAKTUBHOTO CEPEAOBHIIA IS
iTe.

Konmermist peabinmitanii nmepexbadae MakcuMa-
JhHE 30epeKeHHS 1 HACiTyBaHHS iICHYFOUOI TUIaHyBa-
JBHOT CTPYKTYpH OyniBii. TakuM YMHOM Ha TEPIIOMY
MOBEPCi MPOTIOHYETHCS pO3MIIeHHS (oiie, Kade Ta J0-

MMOMDKHHX TIpuMineHb. Kiacu njis HaB9aHHS, SKi po3-
MOJIJIEH] 3a HAaNpsAMaMHU Pi3HUX CTYIIHHO-TYPTKOBHX
3aHATH, a TAKOXX 332 BIKOBUMH KaTETOPIsIMH TITCH, PO3-
TaIIOBYIOTECA Ha 2-My, 3-My Ta 4-My noBepxax. Hena-
JIEKO BiJ IPUMILICHb ISl HABYaHHS IPOIIOHYETHCS PO-
3MIIIEHHS 3aiB IS BinmounHKy. Ha 2-my noBepci me-
penbayeHO TpUMILIEHb JUIS BUKJI3AadiB, a Ha
BEPXHBOMY MOBEPCi — YHIBEpPCAIBHOTO 3ajly Ul Ipo-
BEJICHHS TPCHIHTIB, HaBYaHb, JEMOHCTpAIli (iIbMIB,
MIPOBEICHHSI JIEKLii. Ponb BepTHKanbHIX KOMYHIKaIlii
BcepenuHi OyIiBIi BiJgirpae cxonoBa KiiTka Ta Jidr.
Jnst 3py4HOCTI CIIONy4eHHs BifBinyBadiB, 330BHI (31
CTOPOHH ByJI. XMEIBHHUIIBKOTO) MIPOIOHYETHCS PO3Mi-
IICHHS 1€ OJTHOTO JIi(Ta, 3 AKOTO € MOXKJIMBICTH KpH-
TUMH TIepeXOfaMH IOTPAHUTH OJpasy Yy HaBUYAJIbHI
KJIacH.
BucHoBku

OpHi€l0 i3 OCHOBHHX NPOTPaMHUX 3aBOaHb ITiJT
Yac apXiTeKTypHOI pealimitanii KOJHMIIHIX 1HAyCTpia-
JIbHUX 00’€KTIB, SIKI MalOTh ICTOPHYHY Ta KYJbTypHY
LIHHICTb, € pOpMYBaHHS LIISIXiB rapMOHi3allii 3aKHHY-
TOT0 «OpYTaNIBbHOT0)» CEPEeAOBHIIA, IPH LILOMY T1apaje-
JIbHO BHCBITJIMBIIM OCOOJMBOCTI TaKMX BHPOOHHYMX
OyniBeIb.

XapaKkTepHHIMH 0COOIHBOCTSIMA BUPOOHUIHX OY-
IiBeJb, SIKUM HaJalOTh HOBE JKUTTS € HENpPUXOBaHi
KOHCTPYKTHBHI €JIEMEHTH, [I0 IiAKPECITIOIOTH 1HIYCT-
pianbHe TTOXOKCHHS CTIIIO (TpyOm, Oanku, pepmu i
T.1.), @ TAKOXK HEOUITYKATYPEeHi, He «iIeaTbHOY PiBHI, 3
BUCTYIaMH 1, HaBiTh, TPILLIMHAMH CTiHH, a00 modapbo-
BaHi OETOHHI MOBEPXHI — 1€ BCE OCOOIMBOCTI Nepeod-
JIAHAHUX 1HIyCTpiaabHUX OyaiBens mia (yHKIOHA-
JILHO-JIOLJIbHI 00'€KTH.

IcropuyHi MPOMHUCIIOBI 00'€KTH — Iie HEBiJ €MHa
YacTHHA KyJIbTYPHOI CIaJALIMHU MICTa, TOMY B pe€3YJlb-
TaTi peabumiTamii Ta amanTamii, BOHM MOBHHHI OTpH-
MaTd HOBE CyYacHe 3By4YaHHs, HE NMPUXOBYKOYH INPU
EOMY CBOIO Oaraty icTopiro.
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JlirepaTypa

1. Ekya Early Years Kanakapura Road /
CollectiveProject [3o0paxenns]: [EmexkrponHmii pe-
cypc] — Pexxum pocrymy: http://www.archdaily.com.

2 Camperdown Childcare / CO-AP [306pa-
xkeHHdA|: [Enextponnnii pecypc] — Pexum moctymy:
http://www.archdaily.com.

3. Kids Science Labs 02 / Woodhouse Tinucci
Architects [3o0paxenns]: [Enexrponnuii pecypc] —
Pexxum moctymy: http://www.archdaily.com.

4. Fai-Fah / SPARCH [306pasxenns]: [EnexTpoH-
HUA  pecypc] — Pexum  gocrymy:  https:/
www.archdaily.com.

5. IsanoB-Kocteupknii C.O. [puHImmm apxitek-
TypHO-(YHKIIOHATIBHOI peadimiTamii icTOpHIHUX TIpo-
MUCIOBHX OyziBens Ta criopyn [Tekcrt]: muc. ... KaHz.
apxitekrypu : 18.00.01 / Ham. yH-T "JIBBIB. mOMiTEX-
mika". — JIpBiB, 2011. — 192 c.

6. O Winach, syropach i innych §rodkach
leczniczych premiowanych na wystawie przyrodniczo-
lekarskiej w Krakowie 1881 roku wyrobu apteki pod
"Ztotym Stoniem" Henryka Blumenfelda we Lwowie.
— Lwow: «Drukarnia Polskay, 1887. — C.2 [300pa-
skeHHs|: [Enexktponnuii pecypc] — Pexum pocrymy:
https://polona.pl.

7. Hapomma Yacomuch : momaTok no0 laseru
JIpBiBCcKOI. — Lwow: «Gazeta Lwowskay. —1891.01.16
(1891.01.04). — u. 2. — C.4 [3o06paxenns]: [EmekTpoH-
HUl pecypc] — Pexxum moctymy: https://jbe.bj.uj.edu.pl.

8. Skorowidz przemystowo-handlowy Krélestwa
Galicyi. - Lwow: «Nakl. Ligi Pomocy Przemystowe;j».
—1912. - 1913, Wyd. 2. — C. 158 [306paxenHs]: [Ene-
KTPOHHUH pecype] - Pexum JIOCTYILY:
http://www.pbc.rzeszow.pl/dlibra.

9.  Architekt miesigcznik  poswigcony
architekturze, budownictwu i przemystowi
artystycznemu — Krakow : «Naktadem Krakowskiego
Towarzystwa Technicznego», 1907. — ROC VIII. —
ZESZYT 4. — C.24 [3o06paxenHs|: [EnexTpoHHUit pe-
cypc] - Pexum JOCTYITY:
http://bcpw.bg.pw.edu.pl/dlibra.

10. Przeglad Garbarsko-Techniczny  oraz
Wiadomosci Przemyshu Chemicznego. - Warszawa:
«Cech Zrzeszonych Garbarzy». — 1937. — R. 3, nr. 11-
12 (listopad-grudzien 1937). — C. 80 [3obpakenHs]:
[Enextponnuit  pecypc] — Pexum  goctymy:
http://dlibra.umcs.lublin.pl/dlibra.
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CHEMICAL SCIENCES

METOJAbI HEPEPABOTKH I[I/ICTI/IJIJIEJPHOIK KNUIKOCTH KAK OTXOJJA ITPOU3BOJICTBA
KAJBIUHUPOBAHHOU COAbl AMMUWAYHBIM CIIOCOBOM

Kacvanos B.K.

cmydenm 4 Kypca baxanagpuama kagheopsvl UHHOBAYUOHHBIX MAMEPUANO8 U 3aujumbl om Koppozuu PXTY

um. J[.U. Menoeneesa
Aeepuna IO.M.

K.M.H., 0oyenm Kageopsl UHHOBAYUOHHBIX MAMEPUANO8 U 3auumel om kopposuu PXTY

um. /. 1. Menoeneesa
Menvuiuxos B.B.

0.m.H., npogeccop xagheopvl UHHOBAYUOHHBIX MAMEPUANLO8 U 3auumbl om Koppo3suu PXTY

um. []. 1. Menoeneesa
Cmpenvnukoga A.C.
acnupanm PXTY um. /[. U. Menoeneesa

METHODS OF PROCESSING DISTILLER LIQUID AS WASTE OF PRODUCTION
OF CALCINATED SODA WITH AMMONIUM METHOD

Kasianov V.K.,

Bachelor of 4 course of the Department of Innovative materials and corrosion protection of the

Mendeleev University of Chemical Technology of Russia

Averina Yu.M.,

Assistant professor, PhD, Department of Innovative materials and corrosion protection of the

Mendeleev University of Chemical Technology of Russia

Menshikov V.V.,

Doctor of Technical Sciences, Professor of Innovative materials and corrosion protection of the

Mendeleev University of Chemical Technology of Russia

Strelnikova A.S.

Post-graduate student of the Mendeleev University of Chemical Technology of Russia

AHHOTAIUA

Bonee sxectkue TpeOOBaHHS HOPM 3KOJIOTHYECKOH 0€30MMaCHOCTH K OTX0JIaM ITPOM3BOACTBA KaJIbIIMHUPOBAH-
HOHM COZbI, MPOM3BOAMMON aMMHAYHBIM METOJIOM, CTUMYJIUPYIOT Pa3BUTHs CIIOCOOOB MEepepadOTKH IUCTHILIEP-
HOH XHIKOCTH. Jloporoe o0cmyknBaHHE OTCTOWHUKOB MO0y K/1aeT KOMITAHUIO K BEIOOPY METO/Ia IepepadoTKH.

ABSTRACT

More stringent requirements of environmental safety standards for wastes of soda ash produced by the am-
monia method stimulate the development of methods for processing distillation liquid. Expensive maintenance of
sediment tanks prompts the company to choose the method of processing.

KiroueBble cioBa: KaJIbIIMHUPOBaHHAasA CoJia; AUCTUIJICPHAs KUIKOCTh, CITIOCOOBI nepepa60TKH.

Keywords: soda ash; distiller fluid; ways of processing.

AMMUauHBII cII0cO0 TONydEeHUs! KaJbIWHHPO-
BAaHHOW COJBI SABJISETCS CaMblM BOCTPEOOBAHHBIM Ha
MupoBoM M Poccuiickom pbeiHKe npousBojcTsa. He-
CMOTpsI Ha JOCTaTOYHO XOPOLIYI0 M3Y4YE€HHOCTh IIPO-
1ecca, JaHHbBII METO/ MMeeT HeMaio rpodiem. Cpenu
Hanbosiee OCTPBIX BOIPOCOB BBIICISIOT TPOOIEMY
«OenBIx Mopeit». ITo 00yCITOBIEHO OONBIIAM KOJTHYE-
CTBOM OTXOJIOB IIPOM3BOICTBA M YCHJICHHEM 3KOJIOTH-
YECKOT'0 KOHTPOJIsI B MUpe. MUPOBOI PBIHOK ITPOU3BO-
JUTETIeH CTPEMUTCS CO3aTh TAKHE TEXHOIOTHU H TIPO-
JIYKTBI, KOTOpBIE HAHOCHUTh MHHUMAIBHBIA Bpel
OKpYyXarouieu cpene.

IIpu npou3BoACTBE KaJIBIIUHUPOBAHHON COJbI aM-
MHa4YHBIM CIIOCOOOM, Kak IpaBmiIo, oOpaszyercst 60JIb-
110€ KOJMYECTBO OTXOJI0B Ha 1 TOHHY COABIL:

1. Oxomo 9-10 M8 JUCTUIUIEPHOM JKUJKOCTH,
umerorieit cnenyromuii cocras 110-120 /i CaCly, 54-
58 r/m NaCl, 21-26 r/n B3Becu Ca(OH);, CaSOs u
CaCOs;

2. Oxomno 50 xr nuiama, KOTOpPBIA 00pasyercs B
pe3yabpTaTe MOJIy4eHHs] H3BECTKOBOIO MOJIOKA M 30JIbI
torunBa (CaCOs, Ca0);

3. O6pasyercs okono 0,1 m® nuama B pesyiib-
TaTe OYHCTKH paccoiia, KOTopslii comepxut 240-300
/i B3Becu Mg(OH), u CaCOs [1].

OTXO/BI COIOBOTO MTPOM3BOJICTBA, IUIAMBI U M-
CTHJUIEPHYIO KUAKOCTH, XPaHST B CIIEIMAIBHBIX HAKO-
MTUTEIISAX, KOTOPBIE Ha3BIBAIOT «OeIbIMHI MOPIMIY. OHU
JeNATCSI Ha CEKIUH, 3aIOJTHAEMBbIE TIOCIEI0BaTENBHO.
Jis Toro 94TOOHBI CIEIUTH 32 JAHHBIMU HaKOTIHTEIIIMHU
TpeOyeTcsi OrpoMHOE KOJIMYECTBO MaTepHallbHBIX M
TEXHHYECKUX CPEJCTB (CaMOCBAJbI, TpeHiephl, OyiIb-
JI03€phl U JIp.), a TAaKXKe IepCcoHa. 3aBOAbl, IIPOU3BO-
JSIIIe KaJdbIMHUPOBAHHYIO COXY, MOTYT COpPOCHTH B
OmKaiIiye peky ¥ BOZOEMbI BO BpeMs IaBojka 1o 13
MJIH. M® JIUCTUIUIEPHON UIKOCTH. JlaHHBIE OTXOJbI
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HAHOCST 3HAYUTEIBHBIH YPOH HE TOJIBKO PHIOHOMY XO-
3SUCTBY, HO TaKXKe JeNAl0T HEIIPUTOHON BOY JUIsI ObI-
TOBBIX U TEXHHYECKUX IIEIICH.

Bce Goree cymecTBeHHBIM HEAOCTATKOM IPOM3-
BOJICTBA KATBIIMHUPOBAHHOM COMIBI CTAHOBSITCS «OeTbIe
MOpS» TIO Mepe YBENUIEHUs TpeOOBaHUN K KOMILIEKC-
HOCTHU HCIIOJIb30BAHUsI CBHIPBSI U, KaK paHee TOBOPHU-
JI0Ch, K OXpaHe OKpyxatouieil cpeasl. Ha npoTsokenun
BCEr0 BPEMECHH Pa3BUTHS IMPOU3BOJCTBA COMABI OBLIU
HCOJTHOKPATHBIC TIOMBITKA CHIENAaTh aMMHAYHBIA CIO-
€00 MaJOOTXOHBIM WIIA 0€30TXOHBIM, HO JI0 CHX TOP
HUKOMY HE yAajoch 3TOro noctuyb. [loaTtomy Bce
yame MPOM3BOMUTENHN IS PEUmICHUS NaHHOM TIpo-
OmeMBbl MpHOeTaloT K KOMIUIEKCHOW mepepaboTke au-
CTUJUIEPHOM KUIAKOCTH.

OmHMM U3 9acTO MCTIOJIh3YEMBIX CITIOCOOOB Tepe-
pabOTKH ABISAETCS MOTYUCHHS XJIOPUAA KATTBITH, KOTO-
pBIl MPUMEHSIOT B CTPOUTEIBCTBE, IIPOU3BOACTBE Oe-
TOHa, OOCIYXHBAaHHHM aBTOJOPOT M TCIICXOIHBIX
y4acTkoB. J{J1s TOro 4TOOBI B BEIAPHBIX anmnaparax He
00pa3oBaioCch HAKHUIH, U3 JUCTHIJIEPHON KHUIKOCTH
YAAJSIFOT THIPOKCHJT KaJIbIIUs C IIOMOIIBIO KapOOHM3a-
IIUH ¥ TIOCJICAYIOIIETO BhIICICHUS KapOOHATA KaJIbI[U.
OO0pa3oBaBIIMiicS NITaM HANPABIAIOT Ha IMPOU3BOI-
CTBO KOPMOBBIX 100ABOK WM H3BECTKOBOTO MEIHO-
paHTa. 3aTeM B OCBETIICHHBIA PAaCTBOpP J0OaBISIOT 3a-
TpaBKy akTuBHOTO aHruaputa CaSO4, KOTOpHIH 3a1n-
[IaeT TOBEPXHOCTh TEIUIOOOMEHHBIX allllapaToB OT
oOpacranus. JlaHHBINA pacTBOP OTIIPABIISAIOT B TPEXKOP-
MyCHYIO BBIMIAPHYIO YCTaHOBKY, B KOTOPOW BBITIApHU-
BAIOT €€ JI0 KOHIEHTPalKuU XJIopuaa Kansius 10 18%,
a TakXke KpucTaumsanus cyibdaTta kanbius. anee
JlaHHAasl CYCIICH3Ms CTEKaeT B OTCTOWHHUK, I/ie 00pa3y-
tomasicsi cycrnensus CaSO4 Bo3BpalaeTcsi Ha cMele-
HHE C OCBETJICHHOW AUCTHILIEPHOM KUIKOCThIO. XJIO0-
PHUI KaNbIUs MMOJACTCS Ha BTOPYIO BBINIAPHYIO yCTa-
HOBKY, IJIe IOCTUraeTcsi KoHueHTpauus 10 38-41% no
XJIOPUAY KATBIWS U BBIACISAIOT XJIOPU HATPHSL.

KoHIeHTpHpOBaHHYIO CYCIICH3UIO XJIOpHIa Kajlb-
U] HATIPABIIIOT B OTCTOMHMK, TIE OTACTAI0T XJIOPU
HATPHs, KOTOPBIH HAET HA MPOAAXKY MOTPEOUTEISIM.
OcBeTJICHHBII pacTBOP XJIOpUJA KAIbIIHS MOCTYIAET B
BBIMIAPHOM ammapar, TJie pacTBOpP KOHIEHTPUPYETCS 10
73% mno xmopuny Kanbipst. OOpa3oBaBIIUIiCS IJ1aB
XJIOpHJIa KaIbIIHsl HAMTPABJISIOT B anmnapar 4euynpoBa-
HUs1, B KOTOPBIN MoIaeTcs XonoaHast Boga. Cpe3aHHble
YEITyWKH HOXKOM ¢ OapabaHa OTIPABIIIOTCS B alapar
cymku. Cymky IpoBOJST € IOMOIIBIO TOITOYHBIX Fa30B
W 3aTeM TOpsYHhe YCIIyWKH TepechnarT B OapadaH,
CTEHKHU KOTOPOTO OXJIAXKJIAI0TCS XOJI0JHOU BoAOH [2].

Pacxon pecypcoB nais mosyuyeHus: 1 TOHHBI XJI0-
puaa kanpuus 67% coCTaBISIOT:

JuctuninepHas sXKHIKOCTb — 7,3 M,
I'a3 U3BECTKOBBIX medeii — 96,6 m>;
O6opotHas Boga — 163 m3;

ITap — 16,5 T'JTx;

. Dnektposneprus — 410 M x [3].

JlaHHBII METO UMEET AOCTATOYHO CII0KHOE KOH-
CTPYKLIMOHHOE HCIOJIHEHUE W JOIOJIHUTENbHbIE 3a-
TpaTbl Ha JIEKTPOIHEPTUI0, MHOTOCTAIUHHOCTE MPO-
M3BOJICTBA U UCTOJb30BaHUE Ira3a U3BECTKOBBIX MEUeH.

arwnE

JMCTHIIEPHYIO KUIKOCTh TAKKE MOXKHO HCIIONb-
30BaTh I 3aKAa4KW B HE(QTSIHBIE CKBAKHHBI, YTOOBI
MoJ/IepKaTh IUIacToBOe AapieHue. K cycneHsum nu-
CTHIIIICPHOH JKHJIKOCTH OO0aBISIFOT XOJIOJHYIO MH-
CTHIIIEPHYIO JKHJIKOCTh, IOCIE YEro HAMpaBIISIOT B
MEepPBBIA  OTCTOMHUK, TJE TMPOUCXOJUT OCaXKICHHE
1lama, a OCBETJICHHAs JKUAKOCTh INeperpaBisieTcs B
ClenyroIMi oTcek. Jlanee NUCTUILIEPHYIO >KHJIKOCTh
MOJIAl0T B pe3epByap, rie K J00aBIsSIOT BOIY, YTOOBI
CHATH NEpeHachIlIeHNe 110 rurncy. Pabasnennyto au-
CTWIJIEPHYIO JKHJIKOCTh HANPaBIISIOT B KapOOHU3AIHU-
OHHYIO KOJIOHHY, KyJa IOCTyNaeT YIJIEeKHUCIBIH Tra3
(mpIMoBBIH Ta3). Eciii 3T0 Ta3 M3BECTKOBBIX TIeUCH, TO
Pacxoj ero MOKET COCTaBUTH O0KoJo 1,6 M3/M® sKumKo-
ctu. [Iponecc MOXXHO ommcaTh CIEAYIOIINMH PEaKIn-
SIMU:

Ca(OH), + CO, = CaCO; + H,0 (1)
CaC0O; + CO, + H,0 = Ca(HCO3), 2)

Bropas peakuys SBISETCS HEXEIATEIBHOMI U ITPO-
TEKaeT TOJIbKO NPU W30BITKE YIIIEKUCIOro rasa, Io-
stomy pH pactBOpa mpunep:xuBaroT B paifone 9,0 —
9,7.

Jli1st Toro 9TO0B! YMEHBIINTH KOJIMYIECTBO KapOo-
HaTa KaJIbIWUsA Ha CTEHKaX KOJIOHHBI B ammapar Mmoja-
€TCs PETypHBIN 1IIaM u3 oTcTolHuKa 20% OT Koauye-
CTBa JUCTWIIEPHOW >KHAKOCTH. 3aTeM OCBETIICHHAS
XKHUIKOCTh TOCTYIAaeT B OTCEK «Oenoro Mops», rue
OKOHYATEJIHO OCBETISAETCS U IIOTOM HaNpaBisieTcs Ha
3aKauKy B HE(TsIHbIE CKBAXKUHBI.

Illnam, xoTOphIii 00pa3yeTcss B OTCTOMHHUKE,
HaIpaBJsgeTcs B KapOOKOJIOHHY JJIsl YMEHBILEHHS Kap-
OoHaTa KaJbIUs Ha CTEHKaX KapOOHH3AaIIMOHHOI Ko-
JIOHHBI.

JlaHHBII MeTo/ 00J1a1aeT OTPOMHBIM HPEUMYIIe-
CTBOM, €CJIH 3aBO/I 110 MIPOU3BOACTBY KaJILIMHUPOBAH-
HOHW COZIBI HAXOAWTCSA HEAAIEKO OT PaiOHOB NOOBIYH
HepTH. MOKHO HCKIIOYUTH MOTPEOHOCTh HE(PTETPO-
MBICJIOB B BOJI€ M YBEJIMUUTH HeTeoTnady, Tak Kak
JKUAKOCTH 00J1a/1aeT BHICOKOH TUNIOTHOCTBIO [4].

B Hacrosiiiee BpeMsi BenyTcsi paboThl HaJl METO-
JIOM TIepepabOTKH ITUCTHIUIEPHOH KHAKOCTH C IEJIBI0
HoJy4eHus: 0e3BOAHOrO Mepokcuiaa Kaieiws. Mccre-
JIOBaHUSI IPOBOAMIINICH TOJIBKO B JIAOOPATOPHBIX yCIIO-
BusxX. JuctmiepHyto xuakocts 100 M1 momecTniu B
cTakaH o0beMoM 250 MIT ¥ TIpH TiepeMenTuBaHuu 100a-
BWJIN pacTBOp aMMuaka. Yepes 2-4 MUHYTHI 10OABUIIN
pacTBOp NEPOKCHIA BOAOPOIa B MOISIPHOM COOTHOIIE-
nuu 1,0:1,0. B pesynbrate 00pa3zoBanach MeEIKOJMC-
TIepCHas CYCIIEH3HsI, KOTOPYIO OT(HILTPOBBIBAIOT MOJ]
BaKyyMOM U MPOMBIBatOT BofoH. [TonydeHHslit ocanok
MOJIBEPraroT JeruapaTaluu Opu Temmeparype oT 121
no 131 °C.

CymiecTByeT MeToJ iepepaboTKH AUCTUILICPHON
KHUJIKOCTH C TOJTy4YEeHHE THIPOKCUIA HATPUS, THIPOK-
CHa KaIbLUSA M XJIOpA B BHJIE TOBAPHBIX MPOTYKTOB.
JucTHepHyIo JXUAKOCTh 00padaThIBalOT THAPOKCH-
JIOM HaTpHs, B pe3yJbTaTe BBINANAET OCAJOK I'HMIIPOK-
cHJia KaJbIHs:

CaCl, + 2NaOH = Ca(OH), + 2NaCl (3)
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0,1 1 NaOH

H,

OH"

NaCl

Cl,

Na* _|_

Puc. 1. Anoonas xamepa 08yXKAMePHO20 3eKMPOaU3epa ¢ KAMuUOHO0OMeHHOU membpanotl [5].

3areM MoJyJYCHHBIN (PUIBTPAT MIOMEIIAIOT B aHO/I-
HYIO KaMepy AJIEKTPoIH3epa ¢ KATHOHOOOMEHHOM MeM-
Opanoit (puc. 1). B pesynprare anmexTponmsa oOpasy-
FOTCSI Ta3000pa3HBIN XJI0p ¥ TUAPOKCUI HATPHS [S].

v' Tugpokcun kanbims Ca(OH), = 66,7 kr;

v Tuzppokcun Hatpust NaOH = 34,2 kr;

v' Xuop Clp = 94,3 kr.

B Tabmuie 1 oTpaskeHBI Bce OCHOBHBIEC JOCTOWH-

B pE3yJIbTATC r[epepa60TI<I/I 1 M3 ,Z[PICTPIJ'IJ'ICpHOﬁ CTBAa M HEAOCTAaTKH METOZI0B Hepepa60TKH AUCTUILICP-
JKUJAKOCTH MOKHO IMOJIYYUTb B BUAC TOBAPHBIX IPOAYK- HOH KHUIKOCTH.

TOB:

Tabnumna 1

Metoabl nepepaﬁonm oTxoaa aMMHaA4vYHOI'0 cnocoda nmpou3BoACTBa Kam,ummponaﬂnoii COAbI — IUC-
TI/l.]'I.]'lep]-IOﬁ AKHUAKOCTH.

Cnoco0 nepepa-

GorKH JocTonncrsa

HenocraTkn

Hoayyenus 6e3-
BO/IHOTO MEPOK-
CH/Ia KAJTbLHSA

[Nomyyenue B BUE TOBAPHOTO MIPO-
JyKTa MePOKCHIA KaJIbIHUs

v' Hcnonb30BaHHe PEareHTOB: MIEPOKCHIA BO-
JI0pOJia U PACTBOP aMMHaKa;

v O6pa30BaHUEe CTOYHBIX BOJI, COJEPIKAIMX
XJIOPHUJIBI aMMOHUSI ¥ HATPUSL.

Jnsi 3akauku B
He tpebyeTcs CI0KHOTO TEXHUYE-

HCO6XOJQ[I/IMOCTI:- HaAXO0XICHUA COOAOBOTO 3a-

BHJI€ TOBAPHBIX NNPOIYKTOB;
v’ Tlosyd4eHue BOAbI, OUMIIEHHON
OT XJIOpH/1a KaJIbLIUS U HATPHSL.

HATpHS H XJIOpa

He(TAHbIE .
CKOTO 0(OpPMIICHUS BOJIa B palioHaxX H0ObH HeTH
CKBA’KHHBI
v' MHOroctaguiiHOCTh NPOU3BOACTBA,;
Hosyuenne v
XIODILIA KAJTb [NomyyeHnue B BUIe TOBApPHOTO MPO- CroxxHOe TexXHoJIoruueckoe 00opypoBa-
m]p IYKTa XJIOpHIa KaJbIHs HUE,
1 V' BoJbllKe 3HEPro3aTparhL.
v Bonee npoctoii crnocob nepepa-
00TKHU;
Ioay4enne v .
CHmKeHue SHepPro3aTpar;
THAPOOKHUCH v
INomyyeHne THAPOOKUCH KaJlb-
KaabIus, THI- Co’xHOe TeXHOJIOTHIecKoe 000pyaoBaHue
pOOKHCH IIUS1, THIIPOOKHCH HATPHS U XJIOpa B

Br160p MeToza nepepaboTku AUCTHILIEPHOH >KUI-

Paboma svinonnena npu gounarcosou noooepoicke

KOCTH OyJeT 3aBHUCETh OT HEKOTOPhIX (akTopoB: Me-  PXTY um. [{.U. Menoeneesa. Homep npoexma X032-
CTOpACIIONIOXKEHNE 3aBOJa, MPOM3BOACTBEHHbIE mo-  2018.

mangu, SHEPreTu4eCKkue MOUIHOCTH, q)HHaHCOBOG CO-
CTOSAHHUC KOMIIAaHHWH.
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MEDICAL SCIENCES
NEUROPROTECTIVE THERAPY IN A COMPREHENSIVE TREATMENT OF MILD

CRANIOCEREBRAL INJURY

Zhukovskyi 0.0.

Higher State Educational Establishment of Ukraine

“Bukovinian State Medical University”, Chernivtsi

ABSTRACT

The efficacy of Trimetazidine administration in a comprehensive treatment of brain concussion has been
studied. A normalization effect of the drug on hypoxia processes, condition of the pro- and antioxidant systems,

neuron-specific enolase level has been determined.
Keywords: brain concussion, Trimetazidine.

Introduction. Considering an important role of
hypoxia, disorders of pro- and antioxidant balance, de-
velopment of autoimmune reactions in pathogenesis of
mild neurotrauma and brain concussion (BC) in partic-
ular, the necessity to control all these parameters is of
no doubt, as well as administration of drugs possessing
neuroprotective properties in a comprehensive treat-
ment [1,7]. From this point of view the study of Trimet-
azidine (“Preductal”) efficacy, a drug possessing pro-
nounced anti-hypoxic and antioxidant properties, is ra-
ther topical and perspective [4].

Materials and methods. To solve the tasks 60 in-
dividuals were examined comprehensively. They were
distributed into three groups:

1 group — practically healthy individuals (20 peo-
ple);

2 group — BC patients receiving basic therapy (20
people);

3 group — BC patients receiving Trimetazidine in
addition to the basic therapy (20 people).

The basic therapy included analgesics, diuretics,
sedatives, vasoactive and nootropic agents. Trimeta-
zidine was administered in a daily dose of 60 mg 3
times a day for the whole course of treatment (7-10
days). Biochemical examinations of plasma and eryth-
rocytes of the patients and donors were made on the

first, fifth day after injury, and after completion of treat-
ment. The levels of lactate, protein oxidative modifica-
tion (POM), Malone aldehyde (MA), reduced glutathi-
one [8], HS-groups [5], activity of ceruloplasmin [2]
and catalase [3] were examined. The content of neuron-
specific enolase (NSE) in the blood serum was deter-
mined by means of indirect immune-enzyme analysis.
The data were processed statistically using Student cri-
terion.

Results and discussion. On the first day after
trauma all the patients with BC developed statistically
reliable increase of lactate in the blood plasma which
was indicative of activation of hypoxic processes in the
nervous tissue. A gradual dynamic increase of lactate
content was observed in patients with BC who received
a comprehensive treatment. The situation was a little
different in the third group of patients, who received
Trimetazidine in addition to basic therapy. Lactic acid
level in those patients did not increase, but it statisti-
cally reliably decreased. After initiated treatment in the
patients from the third group the indices of lactate con-
tent were close to that of normal. On the basis of the
data obtained a conclusion can be drawn that Trimeta-
zidine inhibits accumulation of lactate and prevents the
development of hypoxia in the cerebral tissue.

Table 1
Lactate content in the blood of patients with brain concussion
1 control On admission 5 day After treatment

Index group 2 group 3 group 2 group 3 group 2 group 3 group
(n=20) (n=20) (n=20) (n=20) (n=20) (n=20) (n=20)

L actate con- 2,10+0,02 | 2,47+0,02 | 2,48+0,02 | 2,72+0,03 | 2,36+0,02 | 2,78+0,02 | 2,18+0,01
tent, mmol/L p1<0,01 p1<0,01 p1<0,01 p1<0,01 p1<0,01 p1>0,05
p2>0,05 p2<0,01 p2<0,01

Notes: p1 — difference between patients with BC and control group;

p2 — difference between both groups of patients

Hypoxia development results in different meta-
bolic disorders including changes of pro- and antioxi-
dant balance. Considering an important role of the pro-
cesses of lipid and protein peroxide oxidation in the de-
velopment of irreversible changes in case of
neurological injuries, we have examined these indices,
and the condition of the blood antioxidant system in pa-
tients with BC. Having analyzed the indices of lipid and
protein peroxide oxidation at the first day after injury

statistically reliable increase of MA level, one of the fi-
nal products of lipid peroxidation was found, as well as
the degree of protein oxidative modification (POM) in
comparison with the control indices (Table 2). Violent
reaction of these processes after injury as naturally as-
sociated with the body protective reaction — increased
activity of the antioxidant system. Thus, increased ac-
tivity of catalase and ceruloplasmin, increased level of
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reduced glutathione, as the main component of the pro-
tective glutathione system, and the content of HS-

groups in comparison with the indices of the control
group were determined in all the victims.
Table 2

Indices of lipid and protein peroxide oxidation
and blood antioxidant system in patients with brain concussion

1control On admission 5 day After treatment
Index group

(n=20) 2 group 3 group 2 group 3 group 2 group 3 group

(n=20) (n=20) (n=20) (n=20) (n=20) (n=20)

Ceruloplasmin | 186,26+2,3 | 217,59+5,2 | 218,40+4,4 | 201,3045,4 | 234,16+4,9 | 189,24+4,8 | 240,2+4,8
conten, AE/g p1<0,01 p1<0,01 p2<0,01 p2<0,01
of protein
POM  degree | 6,63+0,23 7,94+0,23 7,93+0,25 8,93+0,34 7,06+0,19 10,5440,35 | 6,97+0,38
o.0.r./g of pro- p1<0,01 p1<0,01 p2<0,01 p2<0,01
tein
Malone alde- | 7,74+0,28 10,71+0,56 | 10,68+0,69 | 14,61+0,70 | 8,93+0,57 15,7740,68 | 7,39+0,53
hyde content, p1<0,01 p1<0,01 p2<0,01 p2<0,01
mcmol/L
Reduced gluta- | 0,30+0,06 0,54+0,02 0,53+0,03 0,41+0,02 0,62+0,02 0,32+0,01 0,64+0,02
thione content, p1<0,01 p1<0,01 p2<0,01 p2<0,01
mcmol/ml
Content of HS- | 1,58+0,03 1,77+0,02 1,76+0,02 1,62+0,03 1,84+0,03 1,54+0,03 1,9+0,03
groups, p1<0,01 p1<0,01 p2<0,01 p2<0,01
mcmol/ml
Catalase activ- | 11,6+0,54 13,440,54 13,3+0,49 12,4+0,41 14,24+0,42 11,1+0,38 15,1+0,30
ity, p1<0,05 p1<0,05 p2<0,01 p2<0,01
mcmol/min-
ml

Notes: p1 — difference between patients with BC and control group;

p2 — difference between both groups of patients

Having analyzed the above mentioned indices in
dynamic observation we have determined that intensity
of the processes of lipid peroxidation and protein per-
oxide oxidation continued to increase in the blood of
patients from the second group who received basic ther-
apy. Thus, on the fifth day after injury the content of
MA and POM degree increased in comparison with the
similar indices at the first day. These processes oc-
curred against the ground of reduced activity of antiox-
idant enzymes — catalase, ceruloplasmin, level of re-
duced glutathione and HS-groups. Further observation
determined stable high content of pro-oxidants in the
blood of patients with BC associated with a low level
of antioxidant protection factors. Decreased activity of
catalase, ceruloplasmin, reduced glutathione and
sulfhydryl groups occurred at the expense of exhaus-
tion of the antioxidant system. The situation with pa-
tients from the third group who received cytoprotective
drug Trimetazidine in addition to a comprehensive
therapy was different. Thus, on the fifth day after injury
the intensity of the processes of lipid peroxidation and
blood protein peroxide oxidation decreased in compar-
ison with the indices of the first day. At the same time,
aclear tendency to increasing the activity of antioxidant
protection factors was found. After treatment the indi-
ces of the processes of lipid peroxidation and protein
peroxide oxidation in the third group of patients were
close to those of the first group. The level of activity of
antioxidant enzymes, reduced glutathione and HS-
groups after treatment remained high.

The presented results are indicative of the fact that
administration of Trimetazidine in a comprehensive
treatment of patients with BC indirectly decreases a
negative effect of lipid and protein peroxide oxidation
activation at the expense of stabilization of the content
and activity of antioxidant protection factors.

The level of neurospecific proteins is an integral
index of metabolic disorders intensity and destructive
changes in the nervous tissue [6]. Concerning the as-
pect of modern views about the role of anti-cerebral an-
tigens and NSE in particular in pathogenesis of trau-
matic disease of the brain, investigation of its content
in the blood serum of patients with BC in dynamics is
important of course. On the first day after injury mean
indices of NSE content as a marker of neuron injury
were not higher than those of normal in patients with
BC (Table 3). Although on the fifth day after injury
considerable changes were found to occur in NSE con-
centration. Thus, in 85% of patients from the second
group statistically reliable increase of NSE content was
found. And in spite of the initiated treatment the indi-
viduals of this group developed a noticeable tendency
to reduction of NSE level in comparison with the data
of the fifth day, although its content in the blood serum
was higher than that of the normal one. The situation in
the third group of patients who received Trimetazidine
was different. In this group of patients NSE level in the
blood serum did not practically differ from the initial
one during the whole course of treatment.
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Table 3

Neuron-specific enolase content in the blood serum of patients with brain concussion

1 control On admission 5 day After treatment
Index group 2 group 3 group 2 group 3 group 2 group 3 group
(n=20) (n=20) (n=20) (n=20) (n=20) (n=20) (n=20)
NSE content | 8,44+0,45 8,52+0,61 | 8,50+0,58 15,9+0,61 | 8,85+0,73 | 13,1+0,42 | 8,67+0,53
mcg/L p>0,05 | p1>0,05 p1<0,01 | p2<0,01 | p1<0,01 | p2<0,01
p2>0,05

Notes: p1 — difference between patients with BC and control group;
p2 — difference between the indices of both groups of patients with BC

Therefore, administration of cytoprotective drug
Trimetazidine in a comprehensive treatment of patients
with BC prevents the development of destructive pro-
cesses in the nervous tissue.

Conclusions.

1. Brain concussion results in the development of
hypoxic disorders, changes of the pro- and antioxidant
balance, and as a result, appearance of neuron injury
marker in the peripheral blood.

2. Administration of Trimetazidine in a compre-
hensive treatment of patients with brain concussion ev-
idenced a pronounced anti-hypoxic, antioxidant and
neuroprotective effects of the drug.

Further studies are stipulated by the necessity to
investigate the effect of neuroprotective drugs in case
of craniocerebral injuries — perspective and pathogeni-
cally substantiated direction in treatment.
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THE ROLE OF FOOD TO ACHIEVE OPTIMAL HEALTH
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AHHOTALIIUA
TToxa3anbl PE3YJIbTAThl aHAJIN3a U SIMTUAEMHOJIOTHYCCKAasd XapaKTCPUCTHKA CTPYKTYPhI 3a6OHeBaeMOCTI/I, CBJI-
3aHHOU C HapyIICHUEM IUTaHU, IEPBUIHO PETUCTpUpyeMoit y HaceneHus Pecryonmuku Tarapcran u B JIeHUHO-
ropckoM paiione Pecrryonuku Tatapcran 3a 2010-2016rr. [Tokazano, yto 3a nmepuox ¢ 2010r. mo 2016r. auaupy-
FOIMC NO3UIHU CPEIU NICPBUITHBIX 3a00JIeBaHMI 3aHMMAIOT 3a00JI€BaHUS BHZ[OKpHHHOfI CHUCTEMBI U 3360J’I€BaHI/I$I,
CBA3dHHBIC C HAPYHICHUCM NHUTAHUS. Cpezu/l NEPBUIHBIX 3360J’IGBaHHﬁ, CBS3aHHBIX C HAPYUICHHUEM NUTAHUS, UC-
KIIFOYUTCIIbHBIM JIMACPOM SBJIACTCSA KaK B PeCl’Iy6J’II/IK6 TaTapCTaH, TaK U B .HGHI/IHOFOpCKOM pa1710He NepBrUIHasA
3a00JIEBAEMOCTH OXXHUPCHUCM. B pe3yibTaTe MPOBOANUMOIO MOHUTOPHUHIA COCTOSIHUSA MMUTAHUA OTACIbHBIX I'DYHIT
HaCCJICHU, KOHTPOJIA 3@ COOTBETCTBUEM Ka4€CTBA U 0€30MIaCcHOCTHIO HHHleBOfI NpoaAYKIIUN Tpe60BaHI/I$[M 3aK0-
HozarenbcTBa Poccuiickoit @enepanuu 1 TaMOKEHHOTO COX03a OTMEUYEHO 3HAUUTENIBHOE CHUXKEHUE NIEPBUYHOM
3200J1€Ba€MOCTH OKUPEHHEM B Bo3pacTHoM rpymme 0-14 net otmeueHo B JleHmHOTOpCcKOM paiione PecmyOmuku
Tarapcran - B 25 pa3 otHocutensHO 2011 rona. [lomydeHHbIe pe3yIbTaThl YKa3bIBAIOT, YTO AJIS TOCTHIKEHHUS OI-
TUMAaJIFHOTO 37I0POBbSI HEOOXOIMMO Pa3HOOOpa3HOe 1 cOATaHCUPOBAHHOE IO BCEM KOMITOHEHTaM (pru3nosiorude-
CKH IIOJTHOIICHHOC ITMTAHUEC, U BKIIFOYAKOIICC O6OI‘aHIeHHBIe MAMICBBIC TPOAYKTHI.
ABSTRACT
The results of the analysis and epidemiological characteristics of the structure of morbidity associated with
malnutrition, initially recorded in the population of the Republic of Tatarstan and Leninogorsk district of the Re-
public of Tatarstan for 2010-2016 are shown. It is shown that for the period from 2010. till 2016. the leading
position among the primary diseases are diseases of the endocrine system and diseases associated with malnutri-
tion. Among the primary diseases associated with malnutrition, the exceptional leader is both in the Republic of
Tatarstan and in Leninogorsk district primary morbidity obesity. As a result of the monitoring of the nutrition
status of certain groups of the population, control over the compliance of the quality and safety of food products
with the requirements of the legislation of the Russian Federation and the Customs Union, a significant decrease
in the primary morbidity of obesity in the age group of 0-14 years was noted in the Leninogorsk district of the
Republic of Tatarstan - 25 times compared to 2011. The obtained results indicate that to achieve optimal health
you need a varied and balanced for all components of physiologically balanced diet, and include fermented food
products.
KiroueBble ciioBa: HapyHICHU NMUTAaHUSA, OXKUPCHUC, (1)aKTOpI)I PpHUCKa, 3aGOJ’IeBa€MOCTL, MOHUTOPUHT, 0e3-
OIMaCHOCTD MUIICBLIX IMTPOAYKTOB
Keywords: eating disorder, obesity, risk factor, morbidity, monitoring, food safety
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Oco0eHHOCTH COBPEMEHHOTO WHAYCTPHUATH3UPO-
BaHHOT'O MHPA C €T0 II00ATbHBIMU HapyHIIEHUSIMU KO-
JIOTUYECKONH OOCTaHOBKH, POCTOM CEpAECIHO-COCYIH-
CTBIX M OHKOJIOTMYECKHMX 3a00JIEBaHHH, COLMAIbHOM
HECTaOMIIBHOCTBIO, MIPUBOISIIECH K TICHXOJOTHIECKUM
Heperpys3KaM, CHIKCHUIO (U3MYECKOH aKTUBHOCTH U
CBA3aHHBIM C OTHM 3HAUUTENIBHBIM COKpAIICHUEM
SHEpPreTUYeCKUX 3aTpaT, IIMPOKUM PaclpoCTpaHEHHEM
KypeHUs! U yHOTpeOIeHHs CIUPTHBIX HAIIUTKOB OTpPH-
LaTeJIbHO CKa3bIBACTCA Ha 370POBBE KAKIOTO M3 HAC.
310pOBbE, B CBOIO OYEPEIb, SABJISICTCS HAIIUM OOrar-
CTBOM, TPEOYIOIINM ITOCTOSTHHOM 3a00THI.

[loutn KaXIplil acHeKT Halled «HOPMaJbHOW»
MHAYCTPUAIM3UPOBAHHOM >KU3HU BO3ACUCTBYET Ha
Hallly UMMYHHYIO CUCTEMY, CTUMYJIHPYsI €€ K IIOCTOSIH-
HOW CBEPXaKTHBHOHN AEATEIHHOCTH. DTa CBEPXaKTHB-
HOCTH IPUBOAMT K HETPEKpaIIarolIeMycsi BHICBOOOX-
JICHUIO MOJIEKYJI, KOTOPbIE BBI3BIBAIOT BOCIIAJICHHE.

KpOMC TOT'0, UMECTCA TCCHAs CBA3b MCKAY BOCIIA-
JIUTEIBHBIM MPOIECCOM M TaKUMH (PaKTOpPaMHU PHUCKA,
KaK CTpecc, THIIOIUHAMUS, 3aTrpsI3HEHNE OKPYKAIOIIEH
cpenbl, HapylIeHHe B TUTaHWM U 1p. Tak, ynorpeOie-
HHE:

- PacCTUTEIBHBIX Macell, COAEPXKAIINX TPAHCKHP-
HBIE KUCIIOTHI, KOTOPBIE BOSHUKAOT B IIPOIIECCE THAPO-
TeHU3alMH NpH 100aBICHUN HOHOB BOJIOPO/A,

- TIPOCTHIX €CaxapoB, TAKMX Kak (pyKro3a (mouTH
Ka)KIbIi MOJCTAIIEHHBIN HAIMTOK CONEPXKHUT CHUPOII C
BBICOKHM COJIepKaHHEM (PpyKTO3bI),

- XOJIeCTEepHHa, COJIepIKaILErocs B Msice, B 0JIroaax
U3 SUI] yBEINYHBaeT ypoBeHb C-peakTUBHOTO Oenka 1
MPHUBOJIUT K XPOHHYECKOMY BOCTIAJICHUIO B OpraHHU3Me.
(6]

Kpome Toro, 171 310pOBbsI YeslOBeKa CTaJI0 Upes3-
BBIYAaliHO Ba)XKHBIM HE TOJBKO IOJTHOLICHHOC IMHUTAHUC,
HO M ero NpouIaKkTHIecKasi, 03/10paBIMBaIOIIasl, je-
TOKCHIIMPYIOIIAsl ¥ TePONPOTEKTOPHAS QyHKIHU. [9].

Heo0xoanMo OTMETHTh, YTO B HACTOSIIEE BPEMS
BCE Yallle OCYIIECTBISAETCS HOAMEHA MOJIOYHBIX XKHPOB
JKMPaMH HEMOJIOYHOTO HPOUCXOXJICHMS, YTO CO3JaeT
MOTEHIMAJIBbHYI0 YIrpo3y NPUYMHEHHUS Bpela >KU3HU
WIIH 370POBBIO TPaXKAAH.

)KI/IpI)I HEMOJIOYHOTO IMTPOUCXOKICHHNA HA YIIaAKOB-
KaxX MOXXHO BCTPETHUTH HOJ CJIOBOM — «TUAPOTCHU3UPO-
BaHHBIN». «[ MAPOr€HU3UPOBAHHBIN» O3HAYAET, 4YTO
pacTUTENBHBIN KUP OBLI TOIBEPTHYT 00paboTKe BOIO-
POJOM IIPH BEICOKOM JIaBJICHUU U IPEBPATUIICS B HACKI-
mieHHBIA. COOCTBEHHO, 3TO MpPOIEce, MPH KOTOPOM H3
PacTUTEJIFHOTO Maciia MoJTyJaroT Mapraput. [ uapore-
HU3UPOBAHHBIE )KUPBI UIMEIOT J]BA OCHOBHBIX 3KOHOMH-
YEeCKHUX MPEHMYIIECTBA Iepe]] HeHACHIIEHHBIMHU XKH-
paMu - OHHM JEeIIEBJIe U A0JIbIIE XPaHSITCS.

Ecnu B panmoHe Takux >KUpPOB MHOIO, 3TO O3Ha-
YaeT, YTO OPTaHU3M «HEHOTOIYqaeTy MOJIe3HBIE KHUPHI,
a THAPOTCHU3UPOBAHHBIE, TOPMO3SIINE PabOTy TOIOB-
HOTO MO3ra, ToJyJaeT B u30bITKe [6,8].

I'maporeHu3upoBaHHbIE JKUPBL COJEPKAT e€Ilé
OAWH THII XHpa, KOTOpBIﬁ HE OTHOCHUTCA HU K HAChI-
IIEHHBIM, HU K HeHachllleHHbIM. CTpyKTypa TpaHc-
JKMPHBIX KHCJIOT IPEACTAaBIsIET COO0H KOHCTPYKLIUIO
U3 MOJEKYN «3aJ0oM Hamepeny. i Hamux aprepuil

TPaHCKUPHBIE KUCIIOTHI - 3TO TOXKE CaMoO€, YTO HAChI-
meHHbIe JKUpsbl. [IpoBeneHHbIe Hccne0BaHus B 00ma-
CTH IMETOJIOTHH CBUAETEIBCTBYIOT O TOM, YTO 3TH KHC-
JIOTBI CHOCOOCTBYIOT TOBBINICHUIO YPOBHS XOJECTE-
puHa B kpoBu [6,8,13].

[Ipy HamepeHHOM H3MEHEHHH XUMHUYECKOH
CTPYKTYpBI IIPOJIyKTa BO3HUKAET MHOTO npobnemM. Kak
MOKa3aJli UCCIIEA0BaHUs, TPAHCKUPHBIE KHUCIIOThI CHU-
JKAIOT BBIPAOOTKY €CTECTBEHHBIX IPOTHBOBOCIIAJIH-
TEJIbHBIX CyOCTaHIUII MPOCTArJIaHANHOB - TOPMOHOIIO-
JOOHBIX BEILECTB, PETYIUPYIOIMX MHOTHE KH3HEHHO
BakHbIE (DYHKIMM opraHusma. B pesynbrare B opra-
HHU3ME HAUYMHAIOT Pa3BUBATHCS MMATOJIOTHUECKHE U3MeE-
HEHHS, KOTOPBIE BIIOCIIEACTBIH AUArHOCTHPYIOTCS KaK
cepbEé3HbIe 3a00IeBaHUs: 3a00JI€BaHUS CHCTEMBI KPO-
BOOOpAIIeHus, HOBOOOpa3oBaHUs, 3a00JIEBaHUS SHIO-
KPUHHOHM CHCTEMBI U CBSI3aHHBIC C HAPYIICHUEM MUTa-
Hus [6].

K HapyuIieHuIo NUTaHus IPUBOJUT U ACDULIHT MO~
JIMHEHACBHIIIIEHHBIX OMera-3 )UPHBIX KUCIIOT — OJTHOMY
U3 CaMbIX paclpoCTPaHEHHBIX Ie(HUIUTOB CPEAN Hace-
nerus Poccuu. [lonnHeHackIeHHBIE OMeTa-3 JKUPHBIE
KHUCJIOTHl — HE3aMEHUMBIH 3JIeMEHT MUTaHUs: CII0co0-
CTBYSI YMEHBILICHHIO BS3KOCTH KPOBH, HOpMaJM3aluu
€e JIMIHIHOTO CcOCTaBa (€CTECTBCHHBIH aHTArOHHUCT
TPAHCKUPHBIX KHCIOT M THAPOTCHU3MPOBAHHBIX XKH-
POB), OHM CHIDKAIOT PHCK PAa3BHTHS aTEpPOCKIIEPO3a U
CEep/ICYHO-COCYANCTBIX  3aboneBaHmil.  McxomHas
oMera-3 HpHas KHCJIOTa — JMHOJIEHOBAs KHUCJIOTA - HE
BbIpabaThIBacTCsl B OpraHu3Me U JIOJDKHA OCTYNAaTh B
HEero C MUIIEeH, B HOpMe 1T ABISIeTCS JOCTATOUHBIM JIJIs
opranusma [6,14,15].

CaMpIMu OOTaTBIMU HCTOYHMKAMHU OMeETra-3 XKup-
HBIX KHCIIOT CYUTAIOTCS MOPENpPOAYKTHI U pbioa. Of-
HAaKO, JUISI TOTO YTOOBl MOJYYHUTh MaKCHMAJIBHYIO
T10JIb3Y, HEOOXOAMMO YIOTPEOIIATh X B IHUILY B COJIe-
HOM, MapHHOBAaHHOM H, II0 BO3MOKHOCTH, CBHIPOM
Buze. Taroke omera-3 >KUpHBIE KHCIIOTHI IPHUCYT-
CTBYIOT U B IIPOJIyKTaX, UMEIOIINX PaCTUTEIHHOE Mpo-
UCXOXJIeHHEe (JIbHSHOE CeMs, TPEelKHe OpEeXH, 3apo-
JBIIY TIIEHUIBI U 0Bca, (acoiib M JIpyrue OBOIIH,
371aKH, 3€JICHB).

B opranmsMe uenoBeka Tak)ke HE BhIpaOaTHIBa-
etcs ButamuH C. Butamun C npegoTBpaiaeT oKucie-
HHE XOJECTEpHHA M OTJIOXKEHHE €ro Ha COCYIMCTBIX
CTEHKaX, OKa3bIBasg TAaKUM 00pa30M aHTHATEPOCKIIEPO-
TU4ecKoe Bo3zaeicTBHe. Ero nocratounoe coaepaxanue
TIOBBIIIAET CTAOMIBHOCTD APYTUX BUTaMHHOB — A, E n
coerHeHu rpynnsl B. B 3HaUnTENbHBIX KOTHUECTBAX
ButamuH C cozpepar ppyKThl U OBOIIH [6].

B Pecny6nuke Tarapcran, B ToM uucie B Jlenn-
HOTOPCKOM paioHe, €XXerolHO perucTpUpyoTcs, 3a00-
JIeBaHMS HIOKPHUHHOHN CHCTEMBI U 3a00JI€BaHMs, CBSI-
3aHHBIE C HapyIIEHHEM NHUTaHUs (CaxapHBIH AnalerT,
OXKUpeHue, HoaneuuTHEIe COCTOIHUS) [7].

IlepBrynas 3ab0meBaeMOCTh SHAOKPUHHOW CH-
CTEeMBI U 3a00JIeBaHMS, CBA3aHHBIC C HAPYIICHUEM ITH-
tanus B 2016 Toqy MMeeT TEHACHIINIO K CHIDKSHHUIO B
JlennnoropckoMm paifone PT Ha 22% oTHOCHTENBHO
2010roxa (puc.1).



Sciences of Europe # 28, (2018) 21

15 ~ 13,4

S
TR

SR

10 ~

R Py

(A

i

o

2010 2011 2012 2013 2014 2015 2016

W PT
—— JIeHWMHOTrOpPCKWIA paMoH
NUHKWA TpeHaa PecnybaunKka TaTapcTaH

Puc.1 Ilepsuunan 3abonesaemocmos 3HOOKPUHHOU CUCEMbL U 3A001e6AHUSL, CBA3AHHbIE C HAPYUEHUEM NUMAHUSL
na 1000 nacenenus 6 Pecnyonuxe Tamapcman u Jlenunozopckom paiione, 2010-2016 2.2.

[epBuynas 3abo01eBaeMOCTs OKUpEHHEM, B Pec-

Cpenn TepBHYHBIX 3a00JIeBaHUM, CBA3aHHBIX ¢  myOmmke Tarapcran B 2016 romy yBEeTHYMIACH IIO

HapyIICHHEM MMUTAHUSA, IPUCTATEHOTO BHUMaHUA Tpe-  cpaBHeHHUIo ¢ 2010r. B 2 pa3za (puc.2), B JIeHuHorop-

OyeT mepBHYHAs 3a00JIeBaeMOCTb OKMpPEHHEM Kak B ckoM paifone PT moka3zarens ¢ 2013 roga xonebnercs,

Pecniyonuke TarapcraH, Tak u B JIeHnHOrOpckoMm paii-  Ho B 2016 rony HaxonuTcest Huke ypoBas 2014 rona Ha

one PT. 12%. (puc.2). [ 10-121].
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Puc.2 Ilepsuunas 3aboresaemocms odxcupenuem na 100 moicsau nacenenus 6 Pecnyonuxe Tamapcman u
Jlenunocopckom patione, 2010-2016 2.e.
rpynme 1o 14 ner B Pecry6muke Tarapcran B 2016

OTMeuaeTcsi CHIDKEHHE YIeNIFHOTO Beca IepBUY-  ToAay B 2 pa3a otHocurensHO 2011 roma (puc.3,4).
HOW 3a00JIeBa€MOCTH OXXHPEHHEM B BO3PacCTHOMN
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Puc. 3.
Cmpyxmypa nepsuunot 3a601€6aemocmu
ooicuperuem no ozpacmuvim epynnam 6 PT,
2011 200

B Pecnyonuke Tatapctan 0coboe BHUMaHUE Y/IC-
JsieTCst paboTe Mo peann3aliy mookeHui CTparerun
MOBBILICHUSI KaueCcTBa MUILIEBOM MpoayKuK B Poccuii-
ckoit @enepanuu 1o 2030 roxa, J[oKTpuHBI TPOIO-
BOJILCTBCHHOW Oe3omacHocTH Poccuiickoit denepa-
Uy, yrBepxkacHHol YkasoMm IIpesunenra Poccuiickoi
®enepanuu B 2010 rogy, u OCHOB rocy1apCTBEHHOM
nonutuku Poccuiickoit @enepanun B 00IacT 310po-
BOI'O MUTaHUs HACEJIEHUS], YTBEPKIEHHBIX paclopsike-
HueMm IlpaButensctBa Poccuiickoit ®enepanuu B
2010rony, B paMKax KOTOPOI OCYLIECTBJISETCS MOHHU-
TOPUHT COCTOSIHUS IUTAHUS OTAEJBHBIX IPYII HAacese-
HUSI, KOHTPOJIb 32 COOTBETCTBHEM KadecTBa U Oe3omac-
HOCTBIO MTHUINEBOM MPOIYKIIUU TPEOOBAHUIM 3aKOHO/1a-
tenbcTBa Poccuiickoit ®@enepanuu 1 TaMOXKeHHOTO
coroza. [IpoBoasTCs MEpONMPUSTHS MO KOHTPOJIO 3a
000pOTOM MUIIEBBIX MPOIYKTOB, B TOM 4YHCJIE B IH-
mIe0JI0KaxX JETCKUX U JIeYeOHO-TIPOPHIAKTHYECKUX Op-
TaHU3aIUAX, COIMATLHBIX 00beKTax [4,5].

C 1enpio0 KOHTPOJIS 32 HCIIOTHEHUEM TpeOoBaHUH
TEXHUUYECKUX periiaMeHTOB TaMOXEeHHOro coro3a Impu
obopote numeBoil npoxykiuu B PecryOmmke Tarap-
CTaH, B TOM uuciie B JICHHHOTOPCKOM paiioHe, exe-
TOJTHO TIPOBOJATCS TaOOPATOPHBIE MCCIIECOBAHUS TIH-
MIEBBIX MPOJIYKTOB HAa MUKPOOHOJIOTHIECKUE TTOKa3a-
Teaun OEe30MacHOCTH, Ha HaJIWYUe XUMHUYECKHX
3arpsi3HATENEH, Ha (DU3MKO-XUMHUYECKHE MOKA3aTeNH
[1-5].

B Jlennnoropckom paiioHe IPOJIyKLIUs, HE COOT-
BETCTBYIOIIAass HOPMATHBHBIM TPEOOBAaHUSAM IO CaHH-
TapHO-XMMHMYECKUM IOKa3aTelsiM HE BBIABJISIETCS C
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Puc.4.
Cmpyxmypa nepeuunoil 3a601e6aemocmu
oodrcupenuem no gospacmuuvim epynnam 6 PT, 2016 200

2013r, o (U3MKO-XMMHUYECKHM IOKA3aTEIsIM YACIb-
HBII BEC BBISABISIEMON HE COOTBETCTBYIOLIEH HOpMa-
THUBHBIM TPEOOBaHUSAM IHIIEBOH NMPOAYKIMU YBEJIH-
ymiicst B 4 pas3a B 2017 roxy otHocutensHo 2011 rona.
[1-5,7]

B Pecnybnuke Tatapctan, B ToMm uucie B Jlenu-
HOTOPCKOM paiioHe, OombIast padoTa OCyIIeCTBISETCS
M0 HEHOMYyHIeHHI0 000poTa (arbCUPUIUPOBAHHON
MOJIOYHOH TPOAYKIMU HA TOTPEOMTEIHCKOM PBIHKE
PecryOmuku.

EsxeroHO KOJIM4ecTBO HcciieayeMbIx mpod B Jle-
HUHOTOpCcKOM paiione PT Ha mpeamer oOHapyKeHHS
PACTUTENIBHBIX KUPOB B MOJIOYHON MPOTYKIIMN YBEITH-
yuBaercs: ¢ 3 mpod B 2011 roay mo 19 npod B 2016
roay, J0Jid HECTaHAAPTHOM MNPOAYKIMH, B KOTOPOM
ObUTH OOHAPY)KEHBI PACTUTENILHBIE KUPbI, COCTABIISET
21% (2015r. — 13%, 2014r. — 33%). Hamie Bcero axt
(danbcuuKanuy BBIABISUICS B CIMBOYHOM Macie
(50%), ceipe (44%). C 2012 roxa B JleHmHOTOpCKOM
paiione PecrryOnuku Tarapcran B neTckux oOpa3oBa-
TENbHBIX OPraHMU3alUsAX B NMUTAHUU JETeH HCHOIb3Y-
€TCs MOJIOUHAs IPOAYKIIHSI MECTHBIX IPOU3BOAUTENEH.
danpcuduIMpoBaHHON MOJOYHOW HPOIYKIMH B JET-
CKHX YUPEXICHUSX He BRIIBISUIOCH ¢ 2012 roza [2-4].

B pesynprare 3HaUNTENBHOE CHHKCHHE MEPBUY-
HOW 3a00JEeBa€MOCTH OXHPEHHEM B BO3PACTHOH
rpymre 0-14 getr orMedeHo B JIGHHHOTOPCKOM paiioHe
Pecniybnuku Tarapctasn - B 25 pa3 orHocutensHo 2011
rona (puc.5, 6).
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Cmpyxmypa nepguunotl 3a601e6aemocmu
odHCUpEHUEeM NO BO3PACTNHBIM 2PYNNAM 8
Jlenunoeopcrkom patione PT, 2011 200

B 2017 roxy 3abpakoBaHO M CHATO C peali3aiuu
B JlennHoTOpCcKOM paiioHe Pecrybmuku TaTapctan 111
MapTHI MAIEBBIX MPOAYKTOB B 00beMe 2T 330KrT, m3
KOTOPBIX 4 TapTUH 00BEMOM 75KT — IO IPUYHHE (aib-
cudpukanmu (2016 rox — 165 mapruii B oopeme 21 225
KT, B TOM uncie 17kr-¢pamscudukar) [2-5].
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Puc.6.
Cmpyxmypa nepguunoti 3a0601e6aemocmu
odACUpEHUEeM NO BO3PACHBIM SPYNNAM 6
Jlenunozopckom pavione PT, 2016 200

VY nenpHBIH Bec HE0OOPOTOCTIOCOOHOH MPOTYKITIHI
mo npuuanHe ¢anbcudpukanyu B 2017roxy cocTaBmia
0,3%, B 2016 roxy — 0,8% (puc.7):

0,30%-

51%-c
WUCTEKLLINM
CPOKOM
rogHOCTU

Puc. 7. Cmpykmypa ocnosanuii 3a6paxoeku nuwyegwix npooykmoe 6 2017 200y

Benercs paborta 1Mo rurneHHYECKOMY OOYYICHHUIO
HaceJeHNs B 00JacTH NMUTaHKA, B TOM YHCIIE HE00Xo-
JUMOCTH HCIOJH30BAHUS MHUIIEBBIX MPOTYKTOB C MO-
JIMHEHACHIIIIEHHBIMU KUPaMH.

Buvisoo. Ha ocHOBe MONydeHHBIX MaTepUaIOB
JlaHa SNHMJIEMHUOJIOTHYECKass XapaKTepUCTHUKAa CTPYK-
TYpbl BIIEPBBIE PETUCTPUPYEMOH 3a00JIeBa€MOCTH,
CBSI3aHHOH C HapylIieHueM nurtanus B PecnyOnuke Ta-
tapctad u JlenuHoropckom paiioHe PecryOmuku Ta-
tapcrtad 3a nepuog 2010-2016 rr.

B craructuke 3a00jeBaeMOCTH BeaylHe MecTa
3aHUMAIOT 0OJIC3HH, CBI3aHHBIC C HAPYIICHHUEM yTJe-
BOJTHOTO M KHPOBOTO OOMEHa: caxapHbIi 1uabet 2-ro
THIIA, OKUPEHUE.

B pesynabTare HpoBeIeHHS KOHTPOJIBHO-HAI30P-
HOW JeSITeIPHOCTH 32 000POTOM IMHUIIEBOH MPOIYKIIUU
C YYETOM PHCK-OPUCHTHPOBAHHON MOJIENH KIlacCupu-
KallU¥ MHIIEBOI MPOYKIMHU, 00paliacMoi Ha MoTpe-
OUTEECKOM PBIHKE, M OIICHKH MOTEHIIMATIBHOTO PUCKA
MPUYMHCHUS BPEAa 3[0POBBIO MPH HAPYIICHUH JACH-
CTBYIOIIETO 3aKOHOATEIILCTBA BCICACTBHUEC UCTIONB30-
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BaHUs TMOTpeOuTeneM HeOe30MacHOW MHUIIEBOW IMPO-
IYKITUK U 0COOEHHOCTeH 00BEeMOB ee MOTpeOIICHNS,
OTMEUYCHO CHIDKCHHE IIEPBUYHOM 3a0071€BacMOCTH
oxxupeHueM B JIeHWHOTOpCKOM paiioHe u PeciryOmimke
TaTapcraH.

Pexomenoayuu. IlpexnynpexneHne M CHUKCHHE
3a00JIeBaHNH, CBSI3aHHBIX C HAPYILICHUEM MTUTaHMS, 3a-
KJII0YaeTcsl B CHIKEHUH (pakTOPOB pHCKa pa3BUTHs 0O-
JIe3HEH, B TOM YHCIIE:

- COKpAllleHWH YHOTpeOIEeHHUs TPaHC-KUPOB U
HAaCHILIEHHBIX )KUPOB B PalMOHE;

- YHNOTpeOJEeHUH TOJIMHEHACHINICHHBIX OMera-3
JKUPHBIX KHUCIIOT;

- yrmotpebiaeHnu GppyKkToB U oBoOmIeH 5-6 moprmid
B JICHb, B KOTOPBIX MHOTO aHTHOKCHJAHTOB U (PUTOHYT-
pueHToB, ButamuHa C;

- YMEPEHHOH ABHUTATEIbHON aKTHBHOCTH.
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AKTUBHOCTD KATAJIA3BI Y BOJIbBHBIX TEHEPAJIM30BAHHBIM NAPOJOHTUTOM
XPOHHUYECKOTI'O TEYEHMUA 11 CTEIIEHU TAXKECTH

Xyoakoea M.b.
Coxonosa U.U.
Paéoxons E.H.

Xapvrosckuil HAYUOHATLHBIN MEOUYUHCKULL YHUGEpCUmem, YKpauna

CATALASE ACTIVITY IN PATIENTS WITH CHRONIC GENERALIZED
PERIODONTITIS OF || DEGREES OF SEVERITY

AHHOTAIUA

Khudiakova M.,
Sokolova 1.,
Ryabokon Ye.

Kharkiv National Medical University, Kharkiv, Ukraine

B cratpe mpencrasneno usydenne aktuBHOCTH KT B poroBoit sxuakoctu (P2K) 6omsabIx I'TI XpoHMYEecKoro
TedeHust 11 cTeneHu TsHKECTH MPU MECTHOM HCIOJIb30BaHUU JTUTIOCOMAIILHOTO KBEPIETHH-JICIIUTHHOBOTO KOM-
miekca (JIKJIK) B uHAMBHUIYaIbHBIX MApOIOHTANBHBIX Kammax. CxemMa KOMIUIEKCHOTO JISYeHHs TeHepaIn30BaH-
HOTO MapOJOHTHTA 3aKII0YaIack B 0a3uCHOM Tepamuu ¢ MecTHBIM HasHaueHueM JIKJIK B mHIMBHTya IbHEIX Ia-
POJIOHTANIBHBIX KaIllax U3 MOJUBHHUIXJIOpUIA. AHaMU3 auHamuku noBeimenns ypoBHs KT B PXK Gompabix I'TI
xponuueckoro teueHus Il crenenu npu neyenun JIKJIK mokazan, 4To MECTHOE MPUMEHEHHE JIMIIOCOMAIbHON
(hopMBI KBEpIIETHHA U UCTIOJIb30BAHKE MAPOIOHTAIBHBIX KAIII JUIs IPOJIOHTAI[A MECTHOTO ACUCTBHSI MOXKET OBITh
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HOBBIM IICPCIICKTUBHBIM HAITPABJICHUEM B KOMIUJICKCHOM JICHCHUHN I'll n O6yCJIOBJ'I€H AHTUOKCUIAHTHBIM JIeH-

cTBUEM GochaTHIMITXOIMHA U KBEPIICTHHA.
ABSTRACT

The thesis proves pathogenetic role of abnormal processes of antioxidant defense in the oral fluids in their
connection with clinical change in development of chronic generalized periodontitis of 11 degrees of severity. The
scheme of complex treatment of periodontitis by means of local application of lipoflavon (liposomal quercetin-
lecithin complex) using individual periodontal polyvinylchloride delivery tray contributing to inflammation elim-
ination and long-term remission has been developed. This allows to recommend lipoflavon for local application
as pathogenetically antioxidant substantiated drug in treatment of generalized periodontitis.

KiroueBble ciioBa: KaTrajia3a, FEHepaHI/BOBaHHHﬁ MapoOAOHTHUT, MATOTCHE3, IUIIOCOMBI, POTOBAA KUIAKOCTD,

umnodIaBoH.

Keywords: catalase, generalized periodontitis, pathogenesis, liposomes, oral fluid, lipoflavon.

K oTnuunTensHBIM OCOOEHHOCTSIM aHTHOKCH-
nmarTHoi cucteMbl (AOC) mapogoHTa ClleIyeT OTHECTH
BBICOKYIO aKTUBHOCTH Kartamasel (KT) - anTHIepexmc-
HOTrO (bepMeHTa, KOTOPHIH IeiicTByeT Ha Ooee TO31-
HUX CTaJHAX CBOOOJHOPATMKAIFHOTO MPOIiecca, HHAK-
TUBUPYIOIIUI MepeKkuch Bogopoaa. CHIKEHUE aKTHUB-
HOCTH  (pepMEeHTA  MOXKET  OBITh  CIICACTBHEM
yMeHbIIIeHUs ero cunresa [4, 6]. B cBsi3u ¢ aTuMm, B
KOMILJICKCHOHM Tepanuyl reHepaM30BaHHOIO apoJOH-
tuta (I'TI) XpoHMYECKOro TedeHUs Ienecoo0pa3Ho
MpUMEHTh aHTHOKCHIAHTH (AQ) u apyrue omopery-
nsaTOopHI [7].

KBepruetnH ¢ yciexoM NpuUMeHsICS B TapOJIOHTO-
JIOTHH B Ka4eCTBE MECTHOU 1 oOmielt Tepamnmu [2]. Le-
J1eco00pa3HOCTh MPUMEHECHHS B KOMIUICKCHOM JIede-
aun ['T1 mpenapaToB 3cceHNHANBHBIX (HOCOIUATTHAOB,
B YaCTHOCTH JICLIMTHHA, 00OCHOBaHa UX OWOJIOTHYe-
CKUMHU (YKIUSIMH, @ TaK)KE CHHEPTU3MOM JeHCTBUs
dhochonunumos ¢ aHTHOKCHAAHTaMu [3].

He u3y4eHHBIMH OCTalOTCSI BO3MOXKHOCTH KOp-
PEeKIMH naroreHeTuueckux Mmexanusmos [ Tl mytem uc-
MOJIF30BAHUS OTEYECTBEHHBIX IIPENapaToB IPHUPOJI-
HOTO TIPOHMCXOXKICHHUS C AHTHOKCHIAHTHBIMH CBOW-
CTBaMH - JUIOCOMATBEHOTO KBEpICTHHA
(«JIumodnmaBon», 3A0 «buonek», XapbkoB, YKpa-
uHa). B Hacrosmiee Bpems pasHooOpasHbie 3PQeKTH
JlumogaBona mpu siedeHuu O0onbHBIX ['T1 HaumHAOT
n3ydathes [S5]. HeoOxoammo mpoBeneHWE MOTONHU-
TEJBHBIX UCCIIEIOBAHUH IS YCTAHOBJICHHS €r0 POJIH B
MEJMKaMEHTO3HOM JieueHUH O00bHbIX [TI.

Henblo Hamero MccieloOBaHUSA CTAJO HU3ydYCHHE
aktuBHOCTH KT B poroBoit xxuakoctu (PXK) 6ompHBIX
I'TI xponuueckoro tederns |l cremenn TsxecTu mpu
MECTHOM HCIIOJIb30BaHUU JIUIOCOMAJIBHOTO KBeplLe-
TuH-neuutuHoBoro kommekca (JIKJIK) B unnusumy-
ANBHBIX MAPOJAOHTAIHHBIX KaIax.

Matepuansl 1 MeToabl. [IpoBeneHo KoMILIEKC-
Hoe jedenue 16 6ombHbIX I'T] XpoHUUECKOTO TEYEHUS
II crenenu Tsxectu ¢ MmecTHeIM npuMeHeHneM JIKJIK
B MHIUBUAYATBHBIX MTAPOJIOHTAIBHBIX Kallllax.

BonbHBIM TpoBOAMIM 0A3UCHYIO TEPAITHIO C MECT-
HeiM HazHaueHneM JIKJIK (nabeknnonHas Gopma mpe-
napara «JlunodaaBoH») B BUe CyCIIEH3UH, TPUTOTOB-
JIEHHOH eX tempore, KoTopas coepxut 137,5 mr neru-
tiHa U 3,75 Mr kBepueruHa. CyCHeH3Usl TOTOBHIACH
NP 3aMeNMBaHNK 1/4 yacTH COEpP>KUMOTO (IIaKoHa C
5 mn wmsoroHuueckoro 0,9 % pactBopa xnopuaa
HaTpus, nogorperoro 10 38° C B MUHAWBUIYaIbHBIX I1a-
POIOHTANBHBIX Kammax ¢ dkcrnozuuued 40 mMuHyT 2
paza B JieHb B TeueHuu 14 qHeil.

Y nmanueHToB B yTpPEHHEE BpeMs HATOIIAK 10 Jie-
yeHns U uepe3 1, 6 u 12 MecsieB mocie JedeHus mpo-
Boamm 3a60p PXX B o6peme 5 mim s mccienoBaHmit
COCTOSIHUSI aHTHOKCUIAHTHOU cuctembl. ITotom PXK
neHTpudyruposamn 20 muryTt npu 3000 o6/mMuH. U
HaJI0CA/IOYHYIO JKHJIKOCTh (CyIepHATaHT) OTOUpANU B
yucThie 3MUHA0P]EL. [IpoObI coXpaHsIi B 3aMOPOXKEH-
HOM Buze npu -20°C.

Perucrparus nmoxasaresei NpoBOAUIACE JI0 JIede-
HUS, Toclie Kypca JeueHus depes 1, 6 u 12 mecsres.
UYepes 6 MecsueB OONBHBIX OCMATPHBAIH, 00CIENO-
BaJI COCTOSIHIE TKaHEH Mapo0HTa U IIPOBOJMIIH HOA-
JEP’KUBAIOLIYIO TEPAINIO, KOTOpast BKIIIOYaa mpogec-
CHOHAJIbHYIO TUTHEHY IOJIOCTH PTa U MEANKaMEHTO3-
Hoe JieueHue ¢ ucnonb3zoBanueM JIKJIK. KontponbHas
rpymnna BKiIrodana 14 npakTu4ecku 340POBbIX JIOJEH.

OmnpezeneHue akKTUBHOCTH KaTajas3bl MIPOBOJIMIN
C TOMOIIBI0 MeToJda, KOTOPBIM OCHOBaH Ha
CIIOCOOHOCTH TEPEKHCH BOJOPOAa 00pa3oBBIBATH C
COJISIMM MOJIMOJICHA CTOMKHUI OKPAIICHHBIH KOMILIEKC
[1]. K 0,1 mx PX no6asmstmu 2 Mt 0,03 % pactBopa
H202 u uepe3 10 munyt - 1 mit 4 % pacTBopa Monno-
Jata aMMOHUs. OTIpeaersuii ONTHIECKYTO ITIOTHOCTH C
moMotbio cnekrpodortomerpa CD-46 npu mamHE BO-
JHBI 410 HM.

Pe3yabTaThl HccjiefOBaHUS M UX 00CYXKIEeHUE.
[TpoBenenHoe OGroxuMuIecKoe nccie0BaHNe
MI0Ka3aJ10, YTO y 37I0POBBIX JIUI] YPOBEHb AKTUBHOCTH
KT B PX cocrasun 3,35 + 0,08 y.e. Cpemu
o0cegoBaHHBIX 007bHBIX I'T] XpOHHYECKOTO TeUeHHS
II creneHu TsKECTM OCHOBHOM TIPYIIBI YPOBEHb
aktuBHocTu KT B PXK 10 neuenms cumsuics no 1,78 +
0,17 y.e., uto Hmxe kouTposs Ha 47 % (P < 0,001). ITo
JAHHBIM, KOTOpBIE MBI TOIYYUIH, XPOHHYECKOE
Teuenne y  OompHbIx [Tl xapaxrepmsyercs
BBIPQ)KEHHOW aKTHBaled NpPOLECCOB MNEPEKUCHOTO
oxuciiennss smnunos (ITIOJI) Ha ¢one yruereHus
AKTMBHOCTH CHCTEMBl AHTHMOKCHJIAHTHOM 3aIlUTHI
(AO3) u B nenoM aucbanancom cootHomenus [10JI-
AO3 ¢ mpeBanmupoBanvem B PXK mpookcHAaHTHBIX
CBOICTB.

MectHast tepanus OompHbIXx [TI 11 cremenu
TshkecTH ¢ ucnonb3oBanueM JIKJIK depe3 1 mecsin
MTO3BOJIFJIA YBETTHMYUTH aKTUBHOCTH (hepmenTa KT B PXK
Ha 50 % - ¢ 1,78 £ 0,17 y.e. 0o 3,45 £ 0,15 y.e. (P <
0,001), uto Obu10 BEIIIE HOpMBI Ha 3 % (P > 0,05). Kax
3aMETHO U3  Pe3ylbTaTOB  HUCCIEAOBaHUH, MOJ
pmustareM  JIKJIK  HaOmronmaercss  HOpManm3anus
mokazareneit AOC y Bcex OonbHBIX. Takoit 3¢ ekt
JIMIIOCOM OOYCJIOBJIEH aHTHOKCHAAHTHBIM JICHCTBHEM
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(dhochaTuanIXoNMHA U KBEPIECTHHA.

AxtuBHOCTE KT B PXK y 60mbabIxX I'TI 1T cTenenn
TSDKECTH depe3 6 MecsneB nocie npumeHerns JIKJIK
nmoBeicwicst ¢ 3,45 £ 0,15 nmo 3,49 + 0,13 ye.
(yBemmuenne Ha 1 %, P > 0,05) oTHOCHTENHHO
Iokazaresel uepe3 1 Mecsl ocie JIeYeHusl, YTO BBILIE
HopMBI Ha 4 % (P > 0,05). CnenoBaTensHo, yepes 6
MecAlleB II0CJe JIeYeHWs B OCHOBHOHM rpyrie
aktuBHOCTH KT B P2K ObI1a MOBBIIIEHA 110 CPaBHEHHIO
¢ Hopmoit (P< 0,005). Tepaneruueckuii 3ddexT
kBepueTnHa B PXK wepe3 6 mecsueB mocne jedeHus
COXpaHseTcsl.

Uepes 1 rox y 6ompabIx [T I crenenn TsoxecTH
axktuBHOCTh KT cHmsmmace Ha 1 % - ¢ 3,49 £ 0,13 y.e.
(aepes 6 mecsmes) o 3,46 £0,14 y.e., aro Ha 3 % OBUIO
BBIIIIE HOPMBIL, 9TO ObIIO HemocTtoBepHBIM (P > 0,05).
IIpumenenne JIKJIK 2 pa3a B rox mo3BOJIMJIO
noBeicuTh akTHBHOCTE KT B PXK wepe3 1 ron na 3 % (P
> 0,05). Takum o0Opa3oM, IIOBTOPHOE MECTHOE
ucnone3oBanue JIKJIK, ¢  pasHumed  mMexny
MeIMKaMEHTO3HbIM JICUeHUEM B 6 MECSIIEB MO3BOJISET
MOBBICUTB 3 (HeKT MapoJOHTaIBHON TEpanyy.

BoiBoabI. AHanM3 JUHAMHUKU TOBBIIICHHS ypO-
BHA KT B PXX Gonpaeix I'TI xporuueckoro tedenus 11
crenenu npu sgeyeHurn JIKJIK mokasain, yTo MecTHOE
NMPUMEHEHNE JIUTIOCOMAIbHOW (DOPMBI KBEpIECTHHA U
UCTIONIb30BaHHE NAPOJOHTAIBHBIX KAl IS TPOJIOHTa-
IIMA MECTHOTO AEHCTBUS MOXKET ObITH HOBBIM IIEpCIIe-
KTHUBHBIM HaIlpaBJICHUEM B KOMITIEKCHOM jreueHnn [ T1.
ITpumenenue xann u JIKJIK cokparmaer KonudecTBo
MOCEICHUI1, SKOHOMUT BpeMsl Bpada ¥ M03BoJisieT 60-
JIBHBIM IPOBOJUTD JICYECHUE B JOMAITHUX YCJIOBUAX.
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PHYSICS AND MATHEMATICS

INDICATRIXS OF MILLIMETER AND TERAHERTZ WAVE ANGULAR SCATTERING
BY WATER DROPS AND RAIN
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Research assistant,

A.Ya.Usikov Institute for Radiophysics and Electronics
National Academy of Sciences of Ukraine, Kharkov

ABSTRACT

Detailed information about millimeter and terahertz wave scattering diagrams in rains is needed to develop
millimeter and terahertz range radio engineering systems. It is rather difficult to measure scattering diagrams, the
easier way is to calculate them. The prepared tables of scattering diagrams can be used for microwave range, but
there are no such data for the terahertz one. This paper presents the results of scattering diagram calculation of
millimeter and terahertz waves both by separate raindrops and rains. The calculations were executed using the
exact formulas for all interval of raindrop sizes appeared in precipitations. On the basis of obtained results the
database of scattering diagrams was developed. It gives a wide opportunity to calculate scattering diagrams at
various combination of initial data, i.e. radiation wavelength, raindrop size distribution function and rain intensity
value. The results obtained may be used to estimate the radiation spatial distribution in millimeter and terahertz

ranges.

Keywords: scattering diagram, millimeter and terahertz ranges, drops size distributions, indicatrix database.

Introduction.

As is known, rains cause attenuating and masking
interferences mainly for millimeter transmission lines
and radars. To describe this rain effect, specific attenu-
ation (y, dB/km) and specific backscattering coeffi-
cients (5, m) for the following two directions mostly
are used:

1) for transmission lines — in the radio waves prop-
agation direction (6=0°)

2) for radars — in the inverse direction (6=180°).

Remote sensing technologies deal with mediums
containing scattering particles. Theoretical study of
such mediums doesn’t restricted anybody by two men-
tioned above directions only [1, 2], it considers more
detailed angular scattering coefficients, usually called
as scattering indicatrixs. For example, they are used in
hydrology to predict possible floods and determine ac-
cumulated water storage in snow covers during winter
season by onboard remote sensing tools [3]. This
method is based on theoretical model of angular scat-
tering of electromagnetic radiation by snow crystals.
Indicatrixs of radiation scattering by vegetation ele-
ments (steams, leaves, grain) are also used to predict
future harvests (it’s necessary for grain crops) in agrol-
ogy while tracing accumulating speed of green biomass
during vegetation season by means of remote sensing
[3, 4].

From time to time ice reconnaissance requires
finding ice floes, which can be a reliable base for future
drift-ice research units among a lot of ones identically
covered with snow. An old ice floes are suitable for this
purpose only. They are the ones that can be found using
radio physical onboard radar or radiometric tools. It ap-
peared that knowledge of angular characteristics of in-
creased microwave emission by bubbles in the thick-
ness of sweetened old ice floes helped here.

As was shown in the examples above, angular
characteristics of radiation scattering by particles of
studied medium in all directions play significant role in
the theory and practice of remote sensing. They are also
important when exploring rain rate and its features in
metrology tasks. In this case we refer to angular char-
acteristics of scattering by rain drops that are usually
called as scattering indicatrixs.

They are widely used in optical and microwave
ranges (including millimeter one). Their values are cal-
culated and published in the table form [7-10]. Let’s re-
mind that microwave tools (onboard radars and radiom-
eters) complete the tools of optical range in solving rain
remote sensing tasks as they can detect the places of
rainfalls through the clouds. Up to now scattering in-
dicatrixs have been absent in intermediate area of fre-
quencies between two mentioned ranges only, in the te-
rahertz one.

At some point it is due to more difficulties in their
calculation at these frequencies comparing to micro-
wave and optical ones. In the first case their calculation
gets easier because the radiation wavelength is higher
than raindrop sizes in microwave range and it is enough
to use simple formulas containing only some of the ad-
ditive components of Mie rows or even one additive
component in most cases (Rayleigh approximation
[12]). Reverse ratio between raindrop sizes and wave-
length that allows using simple (asymptotic) formulas
can be seen in optics. Wavelength can be compared
with the sizes of raindrops in intermediate and terahertz
ranges. Due to this fact, well-known Mie resonances
can be seen in these wave ranges and that is why rains
greatly effect on radiation of these ranges [11]. This
leads to the fact that the largest amount of components
should be considered exactly in infinite Mie rows [14].
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In this paper scattering indicatrixs of raindrops are
calculated for terahertz range. It appeared that they had
a number of useful features for remote sensing technol-
ogies.

1. Techniques to calculate the values of scatter-

are based on the Mie solutions of vector wave equation
in the problem of electromagnetic radiation scattering
on spherical particles.

Normalized scattering indicatrixs are determined
by the following expression [12]

ing indicatrixs.
Formulas to calculate the values of scattering in-
dicatrixs can be found in [12-14], in particular. They

NOY) —"

_ , ®
[do[F(6,9)Sin6do

where F(Q, §0) is an angular distribution of intensity, scattered by the particle with radius &, complex

dielectric refractivity m = /g = n, — jn, and wave parameter X = ka, k =2/, A isawavelength,
@ is a scattering angle in relation to direction of wave propagation. According to the Mie theory F(g, (p) can

be represented in the form [13]

F(0,9)=1,(0)Sin*(¢)+1,(0)Cos*(p)- )
Here
2
) = 2n+1
11 (0) = H=111(H—+1)(3H7TH + bnfn)
. (3)
. = 2n+1
1, (9) = n=1m(bnﬂ'n + anrn)

where 4 and bn are the expansion coefficients of fields scattered by spherical harmonics in Mie task; 77

and 7 are angular coefficients, which are functions from Cos(@) only. Equations for &_, bu, 7 and T

are described in details in [14].
Formula (1) can be presented in the following form:

=(0, p) =%Sm2((p)+MCos (o). @)

2
scat k Cscat

where Cmt (m, X) _ %i(Zn n 1)(|3n|2 N |bn|2) is scattering cross section.
n=1

As opposed to the scattering indicatrixs of separate raindrops, equation (4) needs to be completed with
raindrops size distribution function N(d)Ad to calculate scattering indicatrixs of polydisperse medium (rain).

One of the well-known equations, for example, Marshall-Palmer, Laws-Parsons, Gamma or Lognormal distribu-
tion can be used for the microwave range. In the terahertz range, where small drops should be considered, in our
opinion, it is possible to use distributions of Best and Marshall-Palmer in first approximation only, but it is better
to use distribution, proposed by the authors of [15]. So, considering specific raindrop size distribution N(d)

we get the following equation to calculate scattering indicatrix of polydisperse medium (rain).

3 (4,(0)Sin’ () + 1, (0)Cos* (¢)) N (d, B)Ad

Erain = Tuin = ) (5)

max

S k*C,, N(d,R)Ad
dmin

scat

where % is rain intensity, d is drop diameter.
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As follows from the formula (4), the data about
complex properties of  water deflection

m =& = n— 1k for all wavelengths and tempera-
tures are required for these calculations.

As is generally known, the values of permittivity
can be obtained by means of well-known Debye equa-
tions [16] with sufficient accuracy for microwave and
millimeter wave ranges. But at higher frequencies of
submillimeter wave range the mechanism of orienta-
tional polarization of water molecules is changed step-
by-step by faster one of resonant polarization, related
to vibrations of separate fragments of water molecule.
To describe the form of spectrum resonant line, nearest
to submillimeter wave range, the Frohlich’s model [16]
was applied in [17]. Equation accounting both of above
mentioned mechanisms, existed simultaneously in sub-
millimeter wave range, was proposed in this work also.
It is suitable to calculate water permittivity in wide fre-
quency (0,03+3 THz) and temperature (0°+70°C)
ranges.

Convenient nomogram for quick recalculation of
the water dielectric permittivity values from one tem-
perature value to another was introduced in this calcu-
lation model. As follows from this nomogram, temper-
ature dependence is much weaker (about twice weaker)
in terahertz range than in microwave one. And that is
why it is not required to apply the same temperature
step while calculating scattering indicatrixs. Once more
similar calculation model of Elisson [18], covering
wide frequency and temperature ranges, was published.
This model was based on Lorentz form of resonance
lines. Almost the same results in submillimeter wave
range were obtained after comparing calculated values

@®©

of water complex dielectric permittivity of both models
[17, 18]. It is worth mentioning that it is better to use
spherical model of raindrops in this range and upgraded
algorithm [19], which sufficient level of accuracy
should be used when calculating using Mie formulas.

2. Scattering indicatrixs of separate drops.
Scattering indicatrixs of separate drop with
1.0 mm diameter in polarization plane with (9 =0° on

a few wavelengths are shown as an example in Fig.1.
Indicatrixs in orthogonal plane (¢ = 90°) are similar

and not presented hereinafter to reduce the publication
volume.

Let’s point out that indicatrixs of separate
raindrops do not have any significant application in ac-
tual use, but their calculation is the necessary stage of
transfer to indicatrixs of polydisperse mediums, which
are widely used in practice. At the same time analysis
of indicatrixs of separate drops is interesting for under-
standing of some physical features of electromagnetic
wave scattering by hydrometeors.

Separate raindrops scattering indicatrixs are close
to Rayleigh ones which remind of eight in the plane of
polarization and circle in an ortogonal plane in centi-
meter and decimeter ranges, where radiation wave-
lengths exceed the raindrop sizes substantially (in this

case wave parameter X = 27za/ A is much less than
unit). Scattering intensities of radiation falling on a
drop back and forth are approximately the same at these
conditions. Scattering in a backward semi-sphere even
exceeds scattering in a front one, so-called Thomson
effect shows itself, in some cases.
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Fig. 1. Scattering indicatrixs of separate drop with 1,0 mm diameter at 0,1; 0,5; 1,0; 3,0 and 8,3 mm wavelengths
(curves 1—5 correspondingly).

It is partially seen at the wavelength A =8 mm
in Fig. 1. Generally radiation of these ranges depends

on rains moderately. Another situation occurs in milli-
meter wave range: its radiation wavelengths almost
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fully coincide with raindrop sizes, and this causes
strong resonant interaction. That’s why millimeter
wave range together with adjacent submillimeter one
appeared to be the most vulnerable to the weakening
and dispersive rain expose. Significant changes of scat-
tering indicatrix types happen here as well. The shorter
submillimeter wavelength, the strongly prolate narrow

front lobe appears and grows quickly in the scattering
indicatrixs, they start to look like the directional pattern
of large mirror aerials (Fig. 2). This lobe is surrounded
by considerably weaker sidelobes. Their positions in an
angular plane for different drop sizes do not coincide,
which results in overlapping of dips between them and
smoothing of polydisperse media indicatrixs.

L 5 10° ]
31 e 0
OIS~ A

05 10 15 @

Fig. 2. Scattering indicatrix in polar coordinate system.

The higher wave parameter of separate drop, the
greater front lobe size of scattering indicatrix. Its value
can be estimated easily by K.Shifrin limiting formula
for drop indicatrixs in forward direction [20] at wave

parameter X > 20

4 2

X
& (0=0°)= > = :
4k*C_, 8
where scattering cross section CScat takes on its
2

m-1
limiting  value Cmt =ga’|l+|l—— ,

m+1

m=n — jl’]2 is rain water complex refractive index
2 2
n +n,+1
2 27
(n,+1)°+n;
Estimation of scattering indicatrix front lobe am-

plitude for the waves of middle part of submillimeter
range for a drop with 2,86 mm diameter (thus wave pa-

rameter is X = 20) conducted according to this for-
mula gives a value of 28, and exact calculation gives a
value of 31,2. The values of front lobes of scattering
indicatrixs are equal to 70 and 280 for drops with 1 mm
and 2 mm diameters in short-wave part of submillime-
ter range (at 3 THz frequency) and an exact calculation
gives values of 76 and 290 correspondingly. Thus,
Shifrin’s formula provides evaluation precision of per-
cents’ units. It is useful for the program debug of scat-
tering indicatrixs calculation, as it allows to get the val-
ues of indicatrixs in control points quickly.

As it was mentioned before, lateral radiation in po-
larization plane is absent in the Rayleigh scattering in-
dicatrixs. This property, but in a weaker type, keeps be-
ing saved in drop indicatrixs in the whole millimeter
wave range. The deepest scattering minimums near lat-
eral angles of 80+100° (Fig. 1) for 4 =8,3; 3 and
1 mm are presented exactly on these indicatrixs. But,
this feature of single drop indicatrixs gradually disap-
pears with further frequency increase (to middle part of
submillimeter wave range and higher).

[17]and & =

3. Scattering indicatrixs of polydisperse me-
dium.

Considering radars and communication lines op-
eration in rains it is necessary to take into account that
radio waves emitted by antennas light up a lots of drops
with a wide range of sizes simultaneously. As men-
tioned already, in this case, positions of main and side
lobes of indicatrixs of separate drops of different sizes
do not coincide, which leads to overlapping of dips be-
tween them and smoothing out the scattering indicatrix
of polydisperse medium. That’s why more smoothed
resulting scattering indicatrixs of rains can be seen in
practice. Values of such indicatrixs for millimeter and
terahertz ranges at temperature of 25°C and for several

values of rain intensity R from 1,25 to 100 mm/h and
for all known and widely used raindrops size distribu-
tions have been calculated.

Both classic distributions of Best, Marshall-
Palmer, Laws-Parsons, Gamma and Lognormal one,
and the original distribution suggested by the authors of
this work specifically for terahertz range [15] are
among the last ones. The feature of the original distri-
bution suggested here is that it allows taking into ac-
count the smallest raindrops (with 0,05+0,6 mm diam-
eters) when calculating. These raindrops were not con-
sidered in classic distributions before, but are quite
essential for terahertz range. Practical presence of mod-
ern disdrometers in meteorological measurements con-
firmed the fact of their (these raindrops) existence in
the rains in many geographical areas of the Earth,
which are distant from equatorial belt.

Indicatrixs of radiation scattering by rain with the

intensity of R =50 mm/h and drop size distribution
described in [15] are shown as an example in Fig. 3.
Scattering indicatrixs of rain of the same intensity and
Laws-Parsons drop size distribution from [8] is given
for comparison. It is evident that the main energy of
submillimeter waves, which lights up the rain volume,
leaves it directly forward as a narrow bunch (Fig. 2.)
Let’s point out that this phenomena significantly
corrects solving the beam energy transfer equations, re-
ducing the role of multiple scattering for this range and
also cross noise level in communication lines during
rains. Besides that, it improves the work of radars here
as compared to a microwave range, where rain masks
air targets better because of the Thomson effect. The
usage of radiation with circular polarization suppresses
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this interference (clutter) only partially in that range.
Comparison of the achieved results with well-known
data showed quite good correspondence. We did not

® .

manage to find results of similar calculations of rain
scattering indicatrixs for submillimeter wave range.
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Fig. 3. Scattering indicatrixs of rain with 50 mm/h intensity and drop size distribution from [16] for vertical
polarization at wavelengths of 0.1;0.5;1.0;3.0 and 8.3 mm (curves 1-5 correspondingly); 6 — at wavelength of
1.0 mm for Laws-Parsons distribution [8].

4. Scattering indicatrixs database.

Software package, allowing calculation of scatter-
ing indicatrices at any wavelength for millimeter and
submillimeter wave ranges both for separate drops at
the whole interval of their diameter changes from
0.05+7.0 mm, and for the rain, also for all types of drop
size distributions, which are widely used in microwave
and millimeter ranges nowadays has been created while
performing this work. Distribution of the increased size
spectrum of the drops from [15] has been used for sub-
millimeter range.

Scattering indicatrixs of both types (separate drops
and polydisperse medium) for a certain set of wave-
lengths with 4 = 8,3; 5,0; 3,19; 3,0; 2,14; 1,0; 0,83;
0,5; 0,3 and 0,1 mm have been calculated to demon-
strate the abilities of this software package. Achieved
results gave a chance to create the database of wave
scattering indicatrixs of millimeter and terahertz ranges
by drops and rain itself.

Database provides efficient access to all data ar-
rays, smart data control, data selection as per the re-
quest function and data processing. This software pack-
age is easy and convenient, doesn’t require any specific
programming skills or certain experience in data pro-
cessing.

Conclusions.

Calculations of indicatrixs of wave scattering by
raindrops for millimeter and terahertz ranges have been
executed. Calculations have been performed according

to exact formulas for the whole range of raindrop sizes,
that can be spotted in rainfalls. Wave scattering indica-
trixs of microwave, millimeter and terahertz ranges by
polidesperse medium (rain) with different types of drop
size distributions and different values of rain intensity
have been calculated. Calculation results can be used
for theoretical problem solving and practical applica-
tion in radar and wireless communication. Achieved re-
sults are presented as the database of scattering indica-
trixs to increase the efficiency of their application.
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AHHOTAIUA

B cratbe paccMaTpuBacTCA np06neMa MOCTPOCHHUA U PA3BUTHUA IKCIICPTHBIX CUCTEM, OPUCHTUPOBAHHBIX Ha
HCCJIIEAOBAHUEC CIIOXHBIX 00bekTOB. OOOCHOBLIBAETCS MPUMEHCHUEC JTUHIBUCTUYCCKOT'O MMOJAX0/4a, Bq)(I)CKTI/IBHOCTL
KOTOpPOIro ob0ecreunBaeTCs Kak OKCIIOHCHIHAJIbHBIMHU q)yHKIII/IHMI/I MNPpUHAJICI)KHOCTU,TAK U JIOTUYCCKUMU

ANIPOKCUMAITHOHHBIMH MTPOIETypaMH.
ABSTRACT

The article deals with the problem of constructing and developing expert systems focused on the study of
complex objects. A linguistic approach is sought, the effectiveness of which is provided by both exponential
membership functions and logical approximation procedures.

KiroueBble c/10Ba: SKCIEpTHBIE CHCTEMBI, 3HaHUS, (QYHKIWH MPHUHAAICKHOCTH, TEPM-MHOXECTBO,

YHUBEPCAJIBbHOEC MHOKECTBO

Keywords: expert systems, knowledge, membership functions, term-set, universal set

1. IocranoBka npobiemsl. K HacTosemy Bpe-
MEHH B KOHLIETILIMU SKCIIEPTHBIX CUCTEM YCTAaHOBHIIUCH
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YETKUE TCHACHINH UX CTPYKTYPHOU M (hYHKIIHOHAIb-
HOM peanu3auuu. JlanpHenIue ycuaust B 3TOM Harpa-
BJIIGHHH COCPEIOTOYCHBI, OONBIIEH YacThio, HA pa3pa-
60TKE cHCTEM, OPHEHTHPOBAHHBIX Ha CHUTYaIlHH, KaK
HalpuMep TUHAMHYECKHX, PACIpeleICHHBIX U ApY-
THX, @ TAK)KE Ha PEIICHNE 3a/1a4 KOHIETITYaJIbHOTO Xa-
paktepa. OueBuHas B3aMMOCBS3b IPUBEICHHBIX TPO-
651eM ¥ TIOHMMaHUe TOro, YTO CO3AaHUE MHTENJIEKTya-
JBHOM  CHUCTEMBI  pPEAKO  OCYLIECTBISIETCS  Ha
CTaHJApTHOM METOAOJIOTHYECKON OCHOBE INPHUBENIO K
HEOOXOJMMOCTH  TPOBEACHUS  COOTBETCTBYIOLIUX
uccnenoBauil. Cienyer UMeTh B BUJY, YTO OPUEHTU-
POBaHHOCTH KCIIEPTHBIX CHCTEM Ha KOHKPETHYIO IPO-
ONeMHYIO 00NacTh B IPUBEIEHHBIX CHCTEMaX OCIIOXK-
HSETCA JOINOJHHUTEIbHON HMH(pOpMaImeld o TeKymiei
CHUTYaIlH WM KOHTEKCTE, 4TO TpeOyeT ydera Apyrux
3HAHWH HE BIMASA HA METO/BI NX (POPMHUPOBAHUS U aHA-
nm3a.

2. AHanmu3 MOCIEeTHUX HCCIEeNOBaHUN M TyOH-
Kaiuil.  CyInecTByIOIIUE  AKCIEPTHBIE  CHCTEMBI
YCIOBHO MOAPA3IENAIOTCS Ha JBa Kjacca: CHCTEMBI,
MpCAHA3HAYCHHBIC JIA MOBBIMICHUSA YPOBHSA pas3jinyd-
HbIX CHEHOHUAJIMCTOB, K KOTOPBIM MOXKHO OTHECTU
9KCIEPTHBIE CHUCTEMBI JHArHOCTUYECKHE, KOHCYIb-
TallMOHHBIE U JPYTHE, a TaKKe CHCTEMBI , PACCUUTaH-
HbIE HA CICIHMAINCTOB BBICOKOTO YPOBHA U
Ha3bIBacMBbIE HcciIenoBaTenbckuMu. [locneqane otnn-
YalOTCSl OTKPBITOCTHIO 0a3bl 3HAHUH, BO3ZMOXXHOCTBIO

_| Eyvibepran soHa

BBOJIa, MOAN(DHUKAINHI U YAAICHHS CBSI3€H MEXIy MH-
(hOpMaMOHHBIMU SIUHUIIAMH W IPYTUMHU OCOOSHHOC-
Tssmu. [Ipn 5ToM Ipon3BOIBbHAS SKCIIEPTH3a OCHOBBIBA-
eTcs Ha HMCCIIeOBaHUN O00BEKTOB MpOOJIeMHON 00ia-
CTH B IUIOCKOCTH (POPMHUPOBAHUS WH(POPMAINOHHOTO
o0ecreueHnsl, OCHOBHBIMH KOMIIOHEHTaMH KOTOPOTO
MIPUHSTO CYUTATh 3HAHMS, TIOJIyYEHHBIE OT HKCIIEPTOB,
100 XKe B pe3ysibTaTe MOAN(PHUKALMH JaHHBIX I10 OTIpe-
JICJICHHOM cXeMe.

B pamkax ompezneneHHo#l popManbHON CHCTEMBI
JIaHHBIE CYUTAIOTCS] OOBIYHBIM KOMIUIEKCOM HH(OpMa-
LIMH, & 3HAHHUS TaKOBBIM, KOTOPBIH CYLIECTBYET B pa3-
JIMYHBIX IPOCTPAHCTBAX C YCIOBHUAMH IIEPEXO/IA OT OfI-
HOTO W3 HUX K Apyromy [1-3]. [Tocnemuue oTindatoTes:
cofiep’KaHUEM HE TONBKO HH()OPMALMOHHON, HO 1 OTIHU-
caTelbHON 4YacTH, B KOTOPOH comepxkarcs HeoOXo-
JVMBIC CBEJICHMS; HAJIMYUEM CIIOXKHBIX HepapXxude-
CKHX CTPYKTYp; CIOCOOHOCTBIO KOMIIO3HMPOBATHCS B
OoJiee CIOKHBIE WM JIEKOMIIO3UPOBATHCSI B IPOCTHIE
I/IH(bOpMaHI/IOHHLIe CAWHULBI, COACPKAHHUEM BCTPOC-
HHBIX MPOLELYDP, aKTUBU3UPYIOIIMXCS IPH HATUYUH
omnpeeneHHoN cutyanuu. CylecTByIOIKe TUITBI 3Ha-
HUHM MOKHO MpCACTaBUTH B BUAC TPEX KOMIIOHCHT: €~
KJIapaTUBHbIC, MNPOLEAYpPHbIE M YNPABISIONINE, a
cxeMy (YHKIIMOHHPOBaHU TakK, Kak Ha Puc.1.1.
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JeenapaTHEHELS SHAHHT

HRIE

|

[ponsmype! EEIFopE,
MOTHGOHEANHE H Op-
TAHHZAIHE SHAHHE

1)

[Iponenyps: oped-

CTABNEHHA SHAHHH

Y OpaENAICIIHE SHAHMA

SHaHHA

Puc.1.1. Cxema ¢pynkyuonuposanus 3nanuil.

3. IMocTaHoBKa 3aaa4u, Heib cTaThu. I1ycTh mpo-
OsieMHast 00JacTh SKCIIEPTHON CHCTEMBI 00YCIIOBJICHA
HEKOTOPBIM MPOCTPAHCTBOM R,IIeHTp KOoTOpOTO 0003-
HauuM 4Yepe3 M u OyaeM cyurTaTh, YTO B MOMECHT

BpEMEHH T 0 M COOTBETCTBYIOT CBOMCTBA F — {f } (

i=1n)Ilycts Takke mnpoueaypa U MacmTabd

mmepernus T Oynyt pu St-COOTBCTCTBCHHO, a n-
t
yuciio u3Mmepenuil. Torma mon fl,...,f Oynem
n

NOHUMAaTh MNPHU3HAKU CBOICTB P .I: yruay P f -
1 n
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npouenypel, a G f S £ MacITabbl  MX
HU3MEpEHMUSL. IIpu 3TOM
f.M, T f. (M, Tof (M, T
UHTEPIPETHPYIOTCS ~ KaK  3HA4eHWs  CBOMCTB.
IMockomeky M € R cumraercs  popmanbHOi

cTaTMYeCcKoM ToukodM R,a mnpousBonbHble TOukH R
Takke MOTYT CUHTaThCsi TaKOBBIMH ,T0 R Oyzmer
Ha3bIBaThCsl  (OPMAIBHBIM  NPOCTPAHCTBOM B

F
0003HauCHUH R .Cnexyer wuMeTb BBUAY ,4TO

f 1, ey f CUUTAIOTC ONCpaliluOHHBIMHU CBOMCTBaMH
n

,Hd OCHOBE KOTOPBIX MOTYT OBITh NOJYYEHBI IPyTHe

CBONCTBa ¢ ,...,(0 .
1 m

4. V3noxeHne OCHOBHOTO Mmatepuana. Mccnemo-
BaHME NPOOJIEMHON 00JIaCTH TECHO CBSI3aHO C Ompejie-
JIeHHEM e 00BEKTOB M UX XapaKTepUCTUK. [I0CKOIBKY

=
nona R IIOHHUMAaCTCA (bOpMaJ'ILHOG MIPOCTPAHCTBO, TO

BBIACJICHHBIC Ha Hel , OIIPCACICHHbIM 06p330M, Io1a-
MNPOCTPAHCTBA MOI'YT paCcCMATPUBATLCA KaK OOBEKTHI

=
R ,ACCIICAOBAHNUC KOTOPbIX UMCCT oco0oe 3HaueHue

npu popManuzanuu 06a3el 3HaHUHA. [Ipn >TOM BaXkHEH-
UM CPEACTBOM PEIICHUS CUUTACTCS JMHIBHUCTHYE-
CKHUH MOJIX01, IPEIIONIATraoIii TPEACTaBICHAE KPH-
TepueB W OMHAPHBIX OTHOIICHHWN CPEACTBAMHU HEYET-
KOl JIOTHKH €  HCTUHHOCTHBIMH  3HAa4EHUSIMHU
JMHTBUCTUYECKOTO Xapakrepa. VccremoBaHus mOKa-
3BIBAIOT, YTO HCIIONB30BAaHHE YKa3aHHOTO MOIX0Ja
TpeOyeT pelieHne 3aaad, CBSI3aHHBIX C ITOCTPOCHHEM
(hyHKIMH NPHHAIICKHOCTH U MEXaHU3MOB obecreue-
HUS pean3aliii mparMaTH4ecKux olepanuii Haj He-
YETKUMH MHO>KECTBAMH U YHCIIAMH.

IMocTpoenne (yHKIMI TPUHAAIEKHOCTH SIBIIS-
eTcsl BaKHeHuel 3azadedl TeopuM HEYETKUX MHO-
JKECTB, TIOCKOJIBKY, OyIydn XapaKTepHUCTHYECKOH
(yHKIHEeH, OCHOBBIBACTCS HA CIIOCOOBI (hOpMaTN3anu
HeueTKocTH. Ipu 3ToM cama QyHKIHS TpHHAIEKHO-
CTH MOXeT OBITh TIOCTPOEHA UCXOAA U3 COOOpakeHHUH
aJIeKBaTHOCTH CYTH KOHTEKCTa Ha OCHOBE METOJ0JI0-
TMY IOHUMAaHHS HeUYeTKOCTH. Tak, CIIOKHOCTD UJIH He-
TOYHOCTh H3MEPEHHS WHTCHCUBHOCTH HEKOTOPOTO
CBOMCTBa 00BEKTA HEMIOCPEICTBEHHO BIUET HA €e 3a-
JlaHWE BHE 3aBUCHMOCTH OT TOTO, KaKOBBI OOBEKTHB-
HBbI€ MPUYMHBI BOCIPHUATUS ITOrO CBOMCTBA IKCHEp-
TamH. 3ajanue QYHKIMH IIPHUHAIEKHOCTH OCHOBBIBA-
€TCsl Ha €€ CyILIECTBYIOIME CBOMCTBA, B MEPBYIO

o4epeslb, MOHOTOHHOCTH, CHMMETPHYHOCTH, HEIpe-
PBIBHOCTH MEPBOM MPOMU3BOJIHOMN U T.J., @ TAK)KE XapakK-
TEPUCTUKU HEONPEEICHHOCTH, TTOKA3aTeINs Pa3MbITO-
cTH 00BEKTa W (PYHKIMOHAIBHOW 3aBUCHUMOCTH. Bo
MHOTHX CITy4asix XapaKTepHcTHIecKas GYHKIHUI CTPO-
UTCS B YCIOBHSX HEXBATKM MH(POPMAIWHU, IBYCMBIC-
JICHHOCTH M HPOTHBOPEYMBOCTH, B JPYTUX 3aAal0T
MHOKECTBO €€ YPOBHS ¢/, CTENICHU K€ MPUHAAJIEIKHO-
CTH DJIEMEHTOB K HEYETHOMY MHOECTBY PaCCUUTHIBA-
I0TCSI Ha OCHOBE BEPOSITHOCTEH BEIOOPKH OOBEKTOB IS
3aJaHHbIX o - ypoBHeil. DyHKIUS MPUHAAIEC)KHOCTU
CTPOUTCS TAK)KE HA OCHOBE BHIOOPKH U allPUOPHON HH-
(dopmaryn, copepxKauied OrpaHUICHUS] XapaKTepHu3y-
tomue ee. [Ipn HemoCcTaTOUHOCTH NAaHHBIX IS 0Oecte-
YEHUsI ONTHMAIBHOCTH CBOMCTB (pyHKIMI HCIIONB3Y-
IOTCS 3BPUCTUYECKHE METOABI MX OMPENENICHHs, a UX
LeNeco00pa3sHOCTh  MCCIEAYETCSl  3KCIICPUMEHTANb-
HBIMH MOIXOJaMHU.

IMyctb Ha R 3agaHo MHOXECTBO OOBEKTOB

A=la, a, ..., A, -

MIPUMHCHIBAIOTCS  CBOMCTBA Sl Sz; ceny Smn
1

KOTOPBIM

TakuM 00pa3oM A MOXeET ObITh IPEJCTABICHO B BUJIE
MIPSIMOYTOJIBHOM MaTpHIIBI

S= lai,-J: Xij € Pj i :ﬁ; j :1’_m
rue aij - J -bIif MpPU3HAK i-TO 0OBEKTA , Pj -

NIPU3HAKH ~ CBOWCTB,
U3MEHEHHS j-TO CBOMCTBA.
BBeneMm JIMHTBHCTHUECKYIO IIEpEMEHHYIO, €€
TepMbel: Yucno (oueHp Maijoe, Mayoe, CpeiHee,
00J1bIII0E, OUCHB OOJIBIIIOE) U UX 0003HAYCHUS: C(C1, C2,
Ilycte Taxke MCXOINHBIM psifi CBOMCTB
ABJISICTCS PAHXXUPOBAHHBIM PAJOM M COCTaBISET

3aJaronue OIrpaHUYICHUC

YHUBEpCAJIbHOE  MHOXECTBO X, Ha  KOTOPOM
OIIpeZieIeHbl HEYeTKHe IoAMHOXecTBa. O0IacThio
3HaueHUH  (QYyHKOMH  NPUHAUIOKHOCTH  HPUMEM

orpe3ok [0,1] m Oymem cuUuTaTth, 9YTO HEYETKOE
MHOXKECTBO XapaKTepHU3yeTcs CiIydaeM S HEUeTKUX
MHOJECTB, 3aJaBaeMbIX mapoit (X, M), rme M:X — S.
31ech B KaueCcTBe KOHEYHOI'O JINHEWHO-
YIOPSIOYCHHOTO MHOXECTBA MPHUMEM PAaCIIHPEHHBIN
WIA CXKATBIA CHOHCOK TEPMOB JIMHIBHCTHYECKOE
nepemennoit «Hucno». Ipoussenem onenky {fi} Ha
OCHOBE 3afaHus (QYHKIUH [PUHAIICKHOCTH, YTO
MOXET OBITE OCYILECTBIICHO, K  [puMepy,
SKCHOHCHIMANBHEIMA (yHKIUsMU Buja (Puc.1.2):
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L 5L A EH H
1 4
EL RH
o8 T
-
oe -+
o4 T
0.2 -
| | ' I I I I I I I I | I
1 3 5 7 o 11 13 15 17 1g 21 22 25
Obnacms uccnedosanuii
Puc.1.2. @ynxyuu npunaonezrcnocmu 0Jis1 HEKOMOPLLX TUHSBUCHULECKUX MEePMO8
Tab6muma 1.
DYHKINY IPHHANJIEKHOCTH AONMYCTHMBIX JIMHTBUCTHYECKHX TEPMOB
o basoBas Bripaxenne QyHKIUN
JIMHTBUCTHYECCKHI TEpM CoxkparmieHne
nepeMeHHast MIPUHAIICKHOCTH
. . VH
OdJeHb BBICOKUH (ITOJIOKUTEIBHBIMN, X . .
5 i) (PB) dx Beicokuit X *Bpicokuit X
OYCHb OOJIBIIOMN (PVB) ( )
2,5
Beicokuii (10T0XXKUTETbHBIN H X 1— exp| — 0,5
60MBIION) (PB) (dx) ‘l — X‘
J10BOJIBHO BBICOKHIA RH X 0.25 25
(TIOJIOXKUTEITbHBIH, TOBOJIBHO (PRB) dX 1-exp| - :
GOJTBIION) (ax) 0,7-X
Bpone Ov1 BICOKHIT 25
(TTIOJTOKUTENBHBIN, BpOJIE OBI SH X 1-exp| — (0’25]
60JIBIION) (PSB) (dx) 0,4~ XI
A X
Cpennuii (HyJIeBOH 1—exp|-5x
pen (my. ) 2 (dX) p[ ‘ ‘]
2,5
Bpome Ob1 HU3KHI (OTPHUIIATENEHBIH, SL X 1—exp| - 0,25
Bpo/ie ObI OOITBINON) (NSB) ( dX) I_ 0,4- XI
2,5
JloBOJILHO HU3KHUII (OTPULIATENBHBIH, RL X 1—exp| — 0,25
JIOBOJTBHO GOIBINION) (NRB) (dx) 0,7 -
2,5
Huskuii ( i i) L X 1—exp 05
HM3KHH (OTpHULIATENLHBINA HU3KUN — —
b (NB) (dx) 1-x
Huzkuii
. . X * gusknit X
OdeHb HU3KUH (OTpHIATEITBHBIN, VL X
0YeHb OOJBIION 10 a0COIIOTHOMI (NVB) ( dX) 1— eXp[—5‘ X‘],
BEJTUYHHE)
-1<x<0
TTo kpaitHel Mepe cpemHuin ALA X 10<x<1
1-1<x<0
Camoe Gopluee cpeHuii AMA X 1- exp[—5I X‘]’
O0<x<1
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ITockoybKy TOSTydeHHBIE TaKUM 00pa3oM (QyHK-
MU TIPUHAIICSKHOCTH OJDKHBI 00J1aaTh ONpPEIeIICH-
HBIMH CBOIMCTBaMH, TO II€TIECO00Pa3HOCTh X MOAN(U-
mupoBaHus — oueBHAHa. C 3TOH menmpio OymeM pac-
CMATpPUBAaTh  JHHIBUCTUYECKYIO  aNlIIPOKCHMAIIHIO
MHOXkecTB (Tabmuma 1), mox KoTopoi MOHUMAIOT OTIpe-
JIeJIeHHe TaKUX 3HAUCHUN JTUMHTBUCTUYECKOU MepeMeH-
HoM Cy € Ck, ATsl KOTOPBIX Mepa CXOJCTBA [lp, C HEUET-
KUM COOTBETCTBYeT up*€ T(k%), XapakTepU3yrOIIHM
BEKTOp 3HAYEHUW JIMHTBUCTUYECKONM IE€PEMEHHOU
C=(C,........ ,C.”) sABnseTcs MaKCHMalbHON , 37ech
Ci Puck:Yr 2[0,1] HeueTkre MOAMHOXKECTBA , COOT-
BETCTBYIOIINE 3HAYCHUSM JIMHT BUCTHIECKOI IIepeMeH-
Hoii Cy

PaccMmoTpuM noaxosa, OCHOBaHHOW Ha aIlIpOKCH-
MaIli¥ YHUBEPCAIHFHOTO MHOXKECTBA 3HAYCHNUN MCTHH-
Hoctd x=0+0.1+....+0.9+] HeuyeTKUMH IOAMHOKE-
CTBaMH , @ TEPM-MHOXECTBO COCTOUT M3 TPEX IICMEH-
TOB 7 (MCTUHHBIN) = UCTUHHBINA + HEUCTHHHBIN , HO U
HE JIOKHBIN + JTOKHBIN. HedueTkne moaMHOKECTBA HC-
TUHHBIN U JIOKHBIN ONpeeIeHbl 3HAUCHUSIMU

Wcrnanenii =0.5/0.7+0.7/0.8+0.9/0.9+1/1
Jloxuerii=0.5/0.3+0.7/0.2+0.9/0.1+1/0

A uX ompeneieHHe, ¢ y4eTOM JIUIIb OCHOBHBIX

3JIEMEHTOB
He uctunnsii =0.5/0.7+0.3/0.8+0.1/0.9+0/1
He noxus1ii=0.5/0.3+0.3/0.2+0.1/0.1+0/0

O hopMupoBaHHS TEPM-MHOXKECTB OCTaeTCA
BBIYHCIIMTE 3HAYEHHE ITOAMHOKECTBA HE ICTUHHBIN, HO
U He J0KHBIN. [TockombKy,

HcTuHHBIN /\ HE HCTUHHBII
=0.5/0.7+0.3/0.8+0.1/0.9+0/1
JIoxHBIN A HE T0XK-
ue1i=0.5/0.3+0.3/0.2+0.1/0.1+0/0,

a 3aKOH MPOTHBOPEYHS B HEYETKOM JIOTHKE B 00-
IeM CITy4ae He BBITIOHSIETCS, O YeM CBHICTEIHCTBYIOT
anemeHTH 0.5/0.7 u 0.5/0.3, COOTBETCTBYIOIIUX CBSI-
3aHHBIX TEPMOB, TO MOYKHO alipHOPHO YTBEPKAATH, 9TO
OHH B CBOIO OYepeNb SBISIOTCA M AJIEMEHTaMHU HCKO-
MOT'O MOJIMHOXKECTBA, Kak 1 1/0.5 B ClIeICTBUY YHUMO-
JIATBHOCTH W HOPMAJLHOCTH IICHTPAIBHOTO JIUHTBU-
ctudeckoro tepma. Cienyer uMeTh B BHAY, YTO Tep-
BBIE JIBa DJIEMEHTa COOTBETCTBYIOT TOUKAM MeEpexojia
YKa3aHHOTO MHOXECTBA, B TO BpeMsI KaK TPETUH - €ro -

cpe3y, IPOMEXYTOYHBIE 3HAYEHHE KOTOPOIo OIpele-
JIUM, KaK CTaTHCTUYECKOE CPEIHEe OT BBIYUCIEHHBIX
panee 1/0.5, 0.5/0.3 u 1/0.5, 0.5/0.7 (1o mpudmHe cHM-
METPHN YHUMOJAJIbHBIX (PyHKINI MPUHAIIIC)KHOCTH)
(1+0.5)/2=0.75~0.8

OCHOBHBIE JIEMEHTHI TIOAMHOKECTBA «HE UCTUH-
HBIH, HO M He JoXHBIH»: 0.8/0.4 1 0.8/0.6.

[Tpumewm teneps 1/0.5 3a HEHTPaNBHBIH dJIEMEHT C
HOMEpOM | U HyJIeBbIM U3MEHEHUEM CTEIIeHU IIpUHaI-
nexnocty, Torna 0.8/0.4 BTOpoi# 31eMEHT, co 3Haye-
HUEM IpUHaIIeKHOCTH Ha (.2 MeHblIIe MpeabIAYILIEro,
0.5/0.3 Tpernit, 3HaueHHe KoToporo Ha 0.3 MeHbIIe U
T.J.

[Hony4aem
(1-0.2-0.3-0.4)/0.2+(1-0.2-0.3)/0.3+(1-0.2)/0.4+(1-
0)/0.5+(1-0.2)/0.6+(1-0.2-0.3)/0.7+(1-0.2-0.3-
0.4)/0.8=0.1/0.2+0.5/0.3+0.8/0.4+1/0.5+0.8/0.6+0.5/0.
7+0.1/0.8

4. BeiBogiBI M IpeioxKeHus. B paMkax 3ajaHHOTO
(OpMaNbHOrO TNPOCTPAHCTBA OMpEACIEHbl O0BEKTHI
HCCIICIOBAaHUH, KOTOPBIC paccMaTpUBAIOTCS HA JIMHT-
BUCTUYECKOW OCHOBE, OOYCIJIOBJICHHOH JIMHIBHCTHYE-
CKOH niepeMeHHo# HYucno u ee TepM-MHOxkeCTBOM. [Ipu
9TOM 00OCHOBBIBAETCS NCIIOJIB30BaHNE (DYHKIMH MpH-
HAJUIE)KHOCTH, KOTOPBIE MOTYT OBITH TPEICTABICHBI
9KCIIOHEHIIMAIBHBIMA (YHKIMSIMH M aIllIPOKCHUMHUPO-
BaHBI C LIETbIO MPUBEACHHS K ONPEAEICHHOMY BHIY.
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NPUMEHEHUE METOJA INHAMAWYECKOI'O MPOTPAMMMPOBAHUS 1J151 MIOUCKA
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AN APPLICATION OF THE DYNAMIC PROGRAMMING METHOD FOR FINDING
OPTIMAL SOLUTIONS ON STOCHASTIC NETWORKS

Karimov V.A.,

Azerbaijan State Oil and Industry University, Baku, assosiative professor

Gasimov G.G.,

Azerbaijan State Oil and Industry University, Baku, assosiative professor

Hadjiyev F.H.
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AHHOTAIUA

PaCCManI/IBaeTCSI IMPOCKT IO OKCIUTyaTaluh W MU3YUYCHHUIO MECTHOCTH, BKJ]IO‘IaIOIIIPII\;I HCIIOJIb30BAHUC

a’pPOKOCMHUUECKOIl HHpopManuy.

Knaccupukanuss u3ydyaeMpIX IUIOIIAJAEH TNPHUBOIUT K IOCTPOCHHIO

CTOXaCTUYECKOH MOAenH IpoekTa. IlocTpoeHne anbTepHATHBHBIX PEIICHUH peann3aluy MPOeKTa METOAAMH
HOJTHOTO TIepedopa He 3P PEKTUBHO, TOITOMY IPEUIATAIOTCS PEKYPCUBHBIC BEIYUCICHUS.

ABSTRACT

A project for the operation and study of the terrain, including the use of aerospace information, is being
considered. Classification of the studied areas leads to the construction of a stochastic model of the project.
Building alternative solutions for the implementation of the project by exhaustive search methods is not

effective, therefore recursive calculations are proposed.
«paspeniarmme» padoTHI,

KiwuyeBble cJioBa: CTOXacTHYECKas CCTh,

KOHBIOHKTUBHBIC BCPUINHEI,

JU3BIOHKTUBHBIC BEPUIMHBI, JUHAMHUYCCKOC IMPOTpaMMUPOBAHUE, MCETOJbI ITOJIHOT'O Hepe6opa, PEKYPCHUBHbBIC

BBIYUCIICHUS.
Keywords: stochastic network, "resolving

works, conjunctive vertices, disjunctive vertices, dynamic

programming, exhaustive search methods, recursive calculations.

H3BecTHO, 4TO Npex/ie YeM NPUCTYIHUTH K IOUCKY
TIOJIE3HBIX NCKOIMIAEMBIX CHayasla HaJlo coOMpaTh COOT-
BETCTBYIOIIYIO T'€0JIOr0- Pa3BeIouHyI0 HH(pOpManuio.
B nanHO cTaThe paccMaTpUBAETCs MPOEKT MO IKCILTY-
aTallud M U3Yy4YEHHIO MECTHOCTH, BKJIIOYAIOIIUN HC-
MOJIb30BaHue a’dpokocMuueckor uHpopmaun (AKN)
[1]. Baxmneiieli napopMarueit, Hanpumep, sBISETCS
pacrpe/ie/ieHie TMHEaMEeHTOB Ha MIOBEPXHOCTH 3EMIIH.
Hanwmuue npupognoro pecypca B Heapax 3emun AKU
YCTaHABJIMBAET C HEKOTOPOH BEpOSTHOCTHIO. Ha npak-
TUKE AJIs BBIABICHUS MPpUpOIHbIX pecypcoB AKH Bce-
I7la COYETaeTCs ¢ MaTepUaIaMy Ha3eMHBIX HCCIIEI0Ba-
Huit [2]. Ilpu nomowmm AKH ¢ onpeneneHHoi yBepeH-
HOCTBIO MOXHO KJacCU(HUIMpOBaTh IUIOMIaaN Ha
3emute Mo 00beMy IPUPOAHOTO pecypca. OHAKO JIHIIH
Ha3eMHbIE UCCIIEIOBAHUSA MOTYT JJOKa3aTh CIIPABEJIN-
BOCTh TakoW kiaccudurannu. Haszemnbie nccnenoBa-
HUSL, KOHEYHO, I1eJIeCO00pa3HO HAYWHATh Ha IJIOMIA H,
rne AKU mpennonaraer Haawgue OOJBIIEr0 KOJIWYE-
CTBa pPECypcoB. DTy IUIOMAAb HAa30BEM ILIOIIAABIO
MIEPBOTO PaHTa, MEHee MEPCIEKTUBHYIO — IIIOMIAIbI0
BTOPOT'O PaHra .

OCHOBHOI LENBI0 paccMaTpUBAEMOI0 MPOEKTa
SBJISIETCS BBISIBJICHUE HE(TEra30HOCHBIX IUIOMIAZeH U
UX OCBOEHHE, HO BMECTE C OTHUM UMEETCS €I U «IO-
0o4Hast» 11eM1b, KOTOpast 3aKIIF0UAETCS B KOPPEKTUPOBKE

Ha KapTe Te0JOTHUECKOTro CTPOeHUsI MecTHOCTH. [Ipo-
eKT BKJIOYaeT cienylomue paboTsl:1- ompenenenne
He(Tera30HOCHBIX IUiomaneil npu momormu AKU; 2-
paHmXHpOBaHWE IUIOMIAJEH 10 WX OYEpeaHOCTH; 3-
OIIpeieIeHNe paHee HEW3BECTHBIX CTPYKTYPHBIX
¢dopm; 4- reodusuuecKkre pa3BeaKy Ha IIOMIASX Tep-
BOTO paHra; 5- paboThl Ha y4acTKe MMEepPBOro paHra; 6-
reopu3NUecKue pa3BeIKM Ha IUIOMAAAX BTOPOTO
panra; 7- paboThl Ha y4acTKe BTOPOTO paHra; 8- BBOJA
MECTOPOXKIIEHHUSI Ha DKCILTyaTaluio; 9-HedTera3oHoc-
HOE palloHHMpOBaHHE MecTHOcTH; 10- KOppeKTUpoBKa
HA KapTe re0J0rM4eCcKOro CTPOEHUsI MECTHOCTH.

C ToukHM 3peHus TeopuH rpadoB cxema, n3o0pa-
eHHas Ha puc.] sBisercs cetbio «/NJIN». Umeercs
TPU THIA CBA30K MEX]IY BEpIIMHAMH: KOHBIOHKTHB-
HbIE, TU3BbIOHKTHBHBIE U yHapHbIe [3]. Bepmmnsl, co-
OTBETCTBYIOIIHE «Pa3peHIAlONIM» paboTaM HMEIOT
JTU3BIOHKTHBHBIE CBA3KH CO CBOWMH JIOUEPHHUMH BEp-
muHaMH. bynem npennonaraTs, 4To paboTH BXOAAIINE
B OJIHY AM3BIOHKTUBHYIO IPYIITY SBJISIOTCS B3aHMOMNC-
KITFoYaronMu. PaboTer ¢ Homepamu 4,6 3To Kak pa3s Te
paboThl, 32 KOTOPBIMHE CIIEAYIOT allbTepPHATHBHBIC TIPO-
nomxenust. Yucno 0,7 ormedeHHoe Ha cTpeinke (4,5)
MOKa3bIBAET BEPOSATHOCTb HAJIMUUS TIPUPOAHBIX PECYp-
COB Ha IUIOLIAAAX IepBOro panra, a yucio 0,3 — Bepo-
SITHOCTb MX OTCYTCTBUS. Pabora ¢ HoMepoM 1- Havyasb-
Hasl BeplIMHa (MUHOPaHTa)- UMEET KOHBIOHKTHBHYIO
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CBSI3KY ¢ paboTamu, OTMEUEHHBIMH depe3 2 U 3.

0,3

Puc. 1. Cmoxacmuueckasn cemv muna ((p(l60mbl'C8}l3u»

BeposiTHOCTH HacTymiieHUst paboT KOHBIOHKTHB-
HOM IPYIIBI CYUTAIOTCS PaBHBIMU euHHLe. KoHeuHas
BEpPIIMHA HA3bIBACTCS Ma)KOPAHTOH. YHapHbIE CBA3KU
MOJXHO CUMTATh YaCTHBIM CIy4aeM AW3BIOHKTHUBHOM,
00 KOHBIOHKTUBHON cBs3Ku[3]. IlocTpoenHas cro-
XacTHYeCKasi CeTh M03BOJSIET O3 3HaHMS 0COOBIX BBI-
YHCIIUTENBHBIX AITOPUTMOB ITOCTPOUTH BCE BO3MOXK-
HblC aJbTEepHATHUBHbIC BapHaHTHl ITPOBEICHHUS KOM-
iekca  paboT. OTH  BapHaHTBl  ONMCHIBAIOTCS
MHOKECTBAMU pabor: X1={1,2,3,4,5,8,9,10};
X>={1,2,3,4,6,7,8,9,10}; X5={1,2,3,4,6,10}.

Kaxaprif U3 3TUX BapHAHTOB SIBIAETCS Cirydaii-
HBIM COOBITHEM, a T€OMETPHYECKH- IOJCEThI0 THIIA
«W», T.e. IpHU KOTOPOM OTCYTCTBYIOT TU3BIOHKTHBHEIC
cBa3ku. Korzma 9mceno Takux MCXOJOB CIHMIIKOM Be-
JIMKO, WX TOWCK TIOJHBIM IepebopoM He IMPUTOCH,
HE0OX0IMMO NPUMEHATH 3 (GEKTHBHBIE AITOPUTMBL.

Kpome BepositHOocTH cBepiieHHs p(Xi), paOOTHI
MOT'YT XapaKTePHU30BaThCs MPOJOJKUTEIBHOCTBIO 1(Xi)
¥ CTOMMOCTBIO peann3aiui c(X;). imes Takyio anprop-
HYI0 MH(pOpMAIHIO 0 paboTax ¥ IPUMEHSSI PEeKyppeHT-
Hble (OPMYIIBI MOKHO OLIEHUTH BEPOSITHOCTH CBEpIIIe-
HUS, TPOAOIDKUTEIHHOCTH U CTOMMOCTH BBITIOTHEHHS
BapuaHTOB. Kax1plli BapuaHT MOJENUPYETCs INOACE-
Th10 THHA «M» 3aJaHHON CTOXaCTHYECKOM ceTH. SIcHO,
YTO BEPOSITHOCTh CBEPUICHHS KaXXIOTO allbTepHATHB-
HOTO BapHaHTa OLIEHMBAETCS KaK IPOU3BEICHHUE BEPO-
ATHOCTEH CBepIICHHUA paboT, BXOAAIIMX B 3TOT BapH-
aHT.

IIponomKUTENBHOCTh ATUX BAPHAHTOB OLIEHUBA-
€TCsl KaK NPOJOJIKHUTENBHOCTh MAaKCUMAalbHOTO MYTH,
COEUHSIOLIEr0 HaualbHYI0 U KOHEUHYIO BEpLIMHEI, a
CTOMMOCTb - KaK CyMMa CTOUMOCTEH Bcex paboT, BXO-
X B 9TOT BapuaHT [1,4]. CToXacTHdeckyio ceTh

o6o03naunM yepe3 G=(X,A). 3nech X- MHOKECTBO Bep-
IIMH, A-MHOXECTBO JIyT CTOXacTH4YecKoi ceTu. MHo-
JKECTBO BCEX MCXOJIOB C MHHOPAHTOM B X1, C Ma)KOpaH-
TOW B KOHEYHOW BepUIMHE X« (B HaIleM Mpumepe
Xx=x10) 0003HauuM {G1,Gy,...,Gn}. Buecem mapa-
metpsl P(Gi), T(Gi), C(Gi) - COOTBETCTBEHHO BEPOSIT-
HOCTB, IPOJOJDKUTEIHHOCT U CTOMMOCTB Ucxoa Gi .
CraBsiTcs 3a/1a41 IOMCKA ONTHMAIBHOTO IIaHA!
1) o xpurepwuro P:

P(GiO ): max P(Gi )
2) no xpureputo T:

T(G ): miinT(Gi )

o ;

3) mno kpurepuio C:
c, )= min cle ).

Huxe MIPUBOJAATCA AJITOPUTMBI PEHICHUA TTOCTaB-
JICHHBIX 3a1a4 C NMPUMEHCHHUEM ME€TOda AWMHAMHYC-
CKOro MporpaMMHpoBaHud. JluHaMHU4Yeckoe Mporpam-
MHPOBaHHE — 3TO Pa3/iell MaTeMaTHIECKOT0 Iporpam-
MHUPOBaHMS, TJI€ METOJ| PEIICHHs CIIOXKHBIX 3ajad
peanm3yeTcs myTeM ee pa3dueHunst Ha OoJiee MpocThie
noa3anaun. Kak npaBuiio, 4ToObI peIINTh MOCTaBIICH-
HYIO 3a/ady, TpeOyeTcs pelINTh OT/eNIbHbIE I0/A3a-
Jla4yd, ToCiIe Yero OOBEeIUHUTH PEIICHMs 1M0]331a4 B
oJHO oOmiee penieHre. ITo MOJIE3HO B CIIydasx, Koraa
YHCJIO MOBTOPSIONUIMXCS MOJ3a/1a4 IKCIIOHEHIINAIBLHO
BEJIHKO. JunaMuueckoe POrpaMMHUpPOBaHHUE
CHHU3Y BKJIIOYAET B ce0s mepeopMyIupoBaHUe CIOXK-
HOM 3aJ1a4uM B BUJI€ PEKYPCUBHOU MOCJIE0BATEIbHOCTH
OoJiee IPOCTHIX M0/133a4.

Yepes P(i) 0003HaunM BEpOSITHOCTH CBEPLICHUS


https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BA%D1%83%D1%80%D1%81%D0%B8%D1%8F

Sciences of Europe # 28, (2018)

39

ToM mojcetH tumna «M» ¢ HauanbHON BEPITUHOM Xi, KO-
HEYHOH Xk (B JaJIbHEHIIIEM OHH Oy IyT 0003HAYCHBI Ue-
pe3 i, K, COOTBETCTBEHHO) , KOTOpasi UMEET MaKCUMYM
9TOTO TIOKAa3aTels U3 BceX ceOe aTbTepHATHBHBIX.

CremoBaTenbHO pelIeHue 3aaa4u 1) cBoguTes Ha
mouck P(1).

Yepes T(i) 0003HaYMM MaKCUMAaIbHYIO TPOIOJI-
JKUTEIBHOCTB TOM moiceTH Tuma «» ¢ HadampHOU Bep-
IIMHOWM 1, KOHEYHOU k, KOTOpast UMEeT MUHUMYM 3TOTO
MoKazaTesst U3 Bcex cede allbTepHaTHBHBIX. PemeHue
3a1a4u 2) cBoautcs Ha nmouck T(1).

Yepe3 C(i) 0003HAYUM CTOMMOCTH TOHM TMOJCETH
tina «M» ¢ HadyanpHOW BepIIMHON 1, KOHEYHOH K, KO-
TOpasi IMeeT MHHAMYM 3TOT0 TIOKa3aTels 13 Beex cebe
aNbTepHATHBHBIX. HakoHer, pemerne 3agadu 3) cBo-
nmutcst Ha mouck C(1).

Jis pereHns TOCTaBICHHBIX 3a/1a4 BHECEM JPY-
rol mapameTp Qi KOTOpBIA SBISIETCS MHOMXECTBOM
BKJIIOYAONIUM BCE€ AYTrd ONTUMAJIIBHOI'O IO HCKOTO-
POMY KPHUTEPHIO MCXOJ1a ¢ HAYAIbHOM BEPIIHHO 1, KO-
HeuHoi k. Takum o6pa3zom Qi BBIIAET CTPYKTYPY HC-
KOMOTO ONITHMAJILHOTO TUIAHA.

Hwxe npuBoasTcst pekyppeHTHbIE (GopMyIbl Aist
pelIeHns TOCTAaBICHHBIX 3amad. B »tux ¢dopmymax
P(1),T(i),C(i) ssBastroTCS QYHKIHAMH OT 1.

PekyppeHTHBIE QOPMYIIBI IJTs peIIeHus 3a1a9u 1:

a) I KOHIICBOH BEPIIWHBI IPUMEHSIOTCS (POp-

MYJIBL:
Qk =, @
P(k)=1; ©)
6) ecii BemMHA | IMEET TU3BIOHKTHBHYIO CBA3KY
C JOYEPHUMHU BEPLIUHAMMH Iy, iy, I,

P{i) = max ol i, P, ) = i i)
Q =(i,i0)UQio (4)

B) €CJIM BEIIMHA | UMEeT KOHBIOHKTHBHYIO CBSI3KY
C JOYEPHUMHU BEPLIMHAMM Iy, iy, . Iy !

Q :Q{(i’ij)}QQij ®)
P(i)zlj P(ij) (6)

[TpuBenennsle GopMyIIbl IPUMEHSIOTCS HaYMHAsS
OT KOHIIEBOI, KOHUYasl HAa Ha4yaJIbHON BEpIIMHE CTOXa-
CTHYECKOW CETH, HO JI0 TOr0 HEOOXOAMMO YIOpsIO-
YUTH BEPIIUHBI U MOJIy4YUTh ONPEAEICHHYIO UX IOCe-
JIOBAaTEIILHOCTE 00CTy>KuBaHuA [1].

U3 dopmyi (3)-(6) BUIHO, Y4TO €CIIM BEpIIMHA |
MMeeT JU3bIOHKTHBHYIO CBSI3KY CHadala BEIYUCIISIETCS
P(i), 3atem crpoutcst MHOKECTBO Qj, @ B CITy94ae KOHbB-
FOHKTHBHOMU CBSI3KH — HA00OPOT.

B pesynbTaTe 3THX BBIYMCIEHUH IOJIydaeM:
Q1={(1,2),(1,3),(2,4),(4.5),(5.8),(8,9),(3,10),(9,10)},
P(1)=0,7.

Jlis mpencTaBleHus CTPYKTYPBI HCXOA0B LIEIECO-
00pa3HoO MCIOJIL30BATh MHOKECTBA Q, KOTOPHIE BKIIIO-
4aloT B ceOe BCE BEpIUMHBI COOTBETCTBYIOILETO MC-
xona, Tak, yro Q) ={1,2,3,4,5,8,9,10}.

Pemenne 3amaun 2. Ipu pemenun 3amaum 1) Be-
POSITHOCTB CBepLICHHs paboThl ij ObLTa OTMEYeHa Ha

ayre (i,ij). TTokaxem, 9To TpH pelreHnn 3a1au 2) u 3)
MPOAOIDKUTEIPHOCTH ¥ CTOMMOCTH pPabOT Takke
MOJKHO TIPHIIACATh JyraM CTOXAaCTHYECKOW CETH, HO
TIpeX/ie CeTh, M300pakeHHYI0 Ha puc.| Hajgo mpeobpa-
30BaTh B TUM «COOBITHA-paOOTEI»[S]. Kaxkmas myra Ha
pHC. 2 OIUCHIBAaET HEKOTOPYIO paboTy, a Kaxkaast Bep-
[IMHA — HeKoTopoe cobbiTre. Hampumep, ayra (1,2) Ha
9TOM PUCYHKE COOTBETCTBYET pabote X1. OmHAKO paau
HE HapYIICHUS OOIIHOCTH BEPIIMHBI HA PHC.2 TaK XKe

obo3nauensl uepe3 X = {1,2,...10}, a oyrum - A :{

1,2), (2,3), ..., (9,10) } Psitom ¢ gyramu Ha puc.2 B

IPSMOYTOJBHUKAX OTMEYaHBI, CIIEBa- NPOTOIDKUTEIIb-
HOCTh, CIIpaBa — CTOMMOCTH COOTBETCTBYIOLICH pa-
6otel. Harmpumep, t(1,2) = 5 (enunun Bpemenn), c(1,2)
= 6 (enuHul croumocty). [1o npaBunam npeoGpazosa-
HUSI CETH B THIT «COOBITUS-PaOOTBI» CTPOSITCS MyHK-
THPHBIE JyTH, KOTOPHIC OMKMCHIBAIOT HEpEalIbHBIE pa-
60TbI. [IpOTIOKUTENILHOCTS U CTOUMOCTH padoT (4, 9)
u (7,9) paBHBI HyIIO, HO HX PacCCMOTPEHHE B MOJEIU
Ba)XHO, T.K. IPH YIIOPSIOYCHHH BEPIIMH CHHU3Y BBEPX
10 CETH YYUTBIBAFOTCS 3TH DIICMEHTHI.

Hmxe mpuBoasaTcss pekyppeHTHBIE GOPMYIIBI TS
pemrenus 3agaqu 2. B popmynax (7-18) mpusHaku Bep-
LIMH COOTBETCTBYIOT IIyHKTaM a), 0), B) popmyi (1-6):

a) Q =9; M
T(k)=0; ®)

6) T(i)zmjin {I(i,i_f)+T(f_j) f=1(1,i)+ T (iy) ©

Q= (i’ iO)UQiO (10)
Q= Gi)Ue,  av
un=mgﬁafpnug} (12)

B pesynbrare 3THX BEIYHUCICHUH MTOydaeM perile-
HUE:

Q]-:{ (1!2)1 (213)1 (2!4)1 (315)1 (517)1 (479)! (719)1
(9,10) }, T(1)=61. Ucmons3yss mpoobpassl pador,

BXOASIINX B MHOXeCTBO Q1 MOJIy4aeM CTPYKTypy pe-
LIEHUS:

Q= {X11 X1 X35 X45 Xg1 %10 -
st pewieHust 3a1a9 3 TPUMEHSUTUCH GOPMYJIBL:
a) Q=9 (13)
C(x)=0 (14)
6) C(i) =minfc(ii,)+CGi,) }=cliiy)+Clip) 15)

Q = (i1io) uQ,
mq=Qﬂm{mjm>

Q=0Q)={, %....x,} (18)
CWZiWQ

(16)

(19)
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Puc. 2. Cmoxacmuyeckas cemv muna «coobimus-pabomol» (ps0om ¢ oyeamu 8 NPIMOy20IbHUKAX OMMeYaHbl,
C1e6a-NPOOONICUMENLHOCTD, CAPABA — COUMOCHb COOMBEMCMBYIowel pabomol.)

B dopmyne (18) uepe3 O(Qi) ob6o3HaueHO 0TOOpa-
JKEHHe, cTposmee MHOKecTBO {xi,xi,...,xi}mo 3a-
JIAHHOMY Qi, T.C. uepes
x} 0603HavYeHbl IPO0OPa3bl COOTBETCTBYIOIIUX — IyT
CETH THIIa «COOBITUA-PAOOTED.

Haxonen, npumensist popmynst (13) - (19) noiy-
YyaeM pelleHHe:

Q= {X,, X5, X5 Xg» Xg Xy 1> C(1) = 78.

BriBoan!

B pesynbraTe BKIIOYEHUS B CETEBYIO MOJEINb
«paspelanimx» padoT MoIydaeTcsi CTOXacTu4ecKast
cerb. [locTpoeHue anbTepHATHBHBIX PELICHUI peanu-
3aIUK MPOEKTa METOJIaMH IOJIHOTO Tepedopa He d¢-
(heKTHBHO, OATOMY HPEJIAraloTCsl PEKypPCUBHbBIE BbI-
YHCIIEHHS, PUYEM YeM OOJIblle aJbTepHATUBHBIX Ba-
pUAHTOB pemieHus, TeM Oojbmie 3(p(HEeKTUBHBI
pa3paboTaHHBIE aJITOPUTMBI TOMCKA ONTUMAJIBHBIX pe-
LICHUH.
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W3noxeHbl COMHEHUS OTHOCHTEIBHO BaJIMIHOCTH MIKOMBHBIX yueOHnKkoB ®U3MKIU, Ha nprmMepe yueOHNKA
OU3UKA mns 8 xmacca cpenneit mkonbsl. — M.: u3ganue nsaroe, 1981. Obpamaercs BHIMaHIe Ha HU3KOE Kade-
CTBO JPYTUX Y4eOHHMKOB, 3aCTOW B (pyHIaMEHTaNbHOI 00IacTH (PU3HUKH, BRICKA3BIBAIOTCS COOOPaXKEHUS 0 HE0O-
XOANMOCTH PEBH3HMH YI€OHOT0 MaTepuaia U cepbE3HOTO PEJaKTHPOBAHUS yIEeOHUKOB.

ABSTRACT

Doubts about the validity of PHYSICS school textbooks on the example of the PHYSICS textbook for grade
8 high school - M.: fifth edition, 1981 are given. Attention is drawn to the low quality of other textbooks and
stagnation in the fundamental field of physics. Suggestions about the need to revise the educational material and

serious editing of textbooks are made.

KaroueBble cjioBa: MEXaHWKa, METObI, 3aKOHbLI, IIpaBujia, OCHOBHbIC CIUHUIIBI U3MEPECHUS, IIPOU3BOJHLIC

CANHUIBI U3BMCPCHUS, INIOTHOCTH IIJIAHET.

Keywords: mechanics, methods, laws, rules, basic units of measurement, derived units of measurement, den-

sity of planets.

BBEJEHUE

B mpomecce paboTel Hax KHUTaMU «3eMIs H
ommkHuH KocMmoc. Hepemienubsie npoonembn» (1995—
2003) u «ITouemy xu3Hb BeIOpana 3emiro» (2004) as-
TOPY HEOJHOKPATHO MPHUXOAMIOCH OCMBICIUBATH BO-
MPOChl HEOECHON MEXaHUKH, a, ClieZIoBaTelbHO, 00pa-
IIaThCsl K Hanbosee TOCTYNHBIM (B CMBICIIE TPOCTOTHI
M3JIOKEHHUs1) UCTOYHHMKaM HHGpopMaiuu 1o ¢usnye-
CKuUM TpoOieMaM. PamKup MCTOYHHWKA MEHS HE CMY-
IIaJI, TOCKOJIBKY, TyMaJ s, IPOCTOTa U TOCTOBEPHOCTH
B y4eOHHMKaX JOJDKHBI HAXOAUTHCS B OTHOM IIEpEeHTE.
JleficTBUTETFHOCTD TTOBEPIIIa MEHSI CHaYaja B JIETKHIA,
a 3aTeM U B TsDKENBIM oK. C HaexXA0M pa3BesaTh Co-
MHEHHS U XOTh KaK-TO ySICHUTh CYIIHOCTh HEKOTOPHIX
BOIPOCOB MEXaHUKHU s CTaJ «TOPMOIIHNTHY» (HU3UKOB,
OT IIKOJIBHBIX YUHTEJIEeH 10 By30BCKUX IIpebIo1aBaTe-
Jiel, 1 OJM3KUX K HUM TeXHOKpaToB. CIpaBeNINBOCTH
paau, cienyeT OTMETUTh, YTO aOCOMOTHOE OOJIBIITUH-
CTBO UX XOPOIIO 3HAET COMIEPKaHNEe YI€OHUKOB, U YBE-
PEHHO MapUpOBAIO MOM MOCATATENLCTBA HA BBIBOJBI U
3aKJIIOYECHUS aBTOPUTETOB B 001acTH prsnku. Emeé Ol
Ha camoii MaTteMaTn3upoBaHHON 00JIACTH YeIOBEYe-
CKOTO 3HaHMsI HEKUH 4YyJaK-reosjor Haméia TeMHbIe
nsaTHa. KopropaTuBHas 3THKa BOOAYIICBISLIA WX Ha
peIIuTEeIhbHOE U OECKOMIIPOMUCCHOE COMPOTHBIICHHE.
He Bcerma, omHako, ONMOHEHTH MPUBOIWIH yOeu-
TeJIbHBIC APTYMEHTHI B 3aITUTY (HYHIaMEHTaIbHBIX IT0-
noxxeHudt ¢uzuku. Hepenko MOBOIWIIOCH CIBIMIATH:
«MAaK RPUHAMO»; «YYEOHUKU He MOo2ym U He
O00LICHBL CYIHCUMD CEPLEIHOU 0A301 ONA U3J0IICe-
HUA OCHOBONONAZAIOWUX UOeCll U NOHAMUIN (u3UKU
60 6cell ux 2nyoune»; «uuxka ImMo cmpozan HaAyKa
co ceoell cucmemoil 63211008, 3AKOHOE U NOHA-
muil...nepenucams eé, NoAbL3YACh 3aKOHAMU CX0/1a-
cmuku, Heeo3moxcHoy». Takol nenu nepen cobor He

CTaBHJI, IPOCTO PELMIMBHOE 3HAKOMCTBO CO IIKOJIb-
HBIMH y4eOHUKaMH (PU3NKH NPUBEIIO K HEYTEIIUTEb-
HBIM BBIBOJIAaM: paszjien «MexaHuka» (yHIaMCHTaNb-
HON (DPM3MKM B CBOEM Pa3BUTUHU CYIIECTBEHHO OTCTAET
OT NPHUKJIATHOHN (HU3NKH; IIKOJIBHBIE IPOTPaMMEI Iiepe-
Tpy’KEHbI MaTepHarIoM, HE MMEIOIINM BaXKHOI'O IpPH-
KJIaTHOT'O 3HAYCHU A, U3YyUa€MbIM, K TOMY K€, B pa3HbIX
Kjaccax. FMIMeHHO 3TUM, a He KaKMMH-TO aMOWIIUSIMH,
o0ycnoBieHO Hanmcanue padboTsl. He Mory paccuanTsl-
BaTh HA MOJIHBIN yCIeX U IOHUMAaHKeE, TyMaro, OJHAKO,
YTO MOM 3aMEUYaHMs U JO0BOJbl HHHULUUPYIOT TUCKYC-
CHH IO OTAEIBbHBIM BOIPOCAM KHMHEMATHKH, KaXKyIlU-
MUCS JaBHO PEelEHHBIMU. [Ipu COBpeMEHHOM YpOBHE
MIPUKIaAHOW (DM3UKH, TMpOXyLUpylomel OyKBaJbHO
yyjieca, 3aCTOM M KOHCEpPBaTU3M B (yHAaMEHTAIbHOM
YacTH 3TOT0 ACHCTBUTEIBHO CTPOITHOTO 3/1aHUS MpeE.-
CTaBJIAIOTCA HEAOITYCTUMBIMH.

1  MEXAHUKA: TIIPEJMET,
METO/BI, TPABUJIA, 3AKOHbBI

Mexanuka sBisercss (yHZaMEHTOM (QH3HKH |
TEXHUKU U U3y4aeT BOIPOCHI, CBSI3aHHBIE C B3aUMOJIEH-
CTBHEM U JBM)KEHUEM TEJl €CTECTBEHHOTO MPOUCXOXK-
JICHHS U B Pa3IMYHBIX MEXaHM3MaX, CO3JaHHBIX 4eJo-
BeueckuM renueM. «Ho ocnoenas 3aoaua mexanuku
3aKI0YAENICA 6 MOM, YMO0bl onpedenams noJoice-
Hue 0sudICyue2ocsa mena 6 11000 MOMEHM 6PEMEHU»
[1, c.3]. [To3BoMIO BBIKA3aTh COMHEHHE OTHOCHUTEIHHO
TJIAaBCHCTBA B MEXAaHHUKC UMCHHO 3TOI'O )IeﬁCTBa — O1Ipe-
JiefieHre KOOPAWHAT JIBHXKYIIETocs Tella, — 0COOEHHO
Ipyu YCJIIOBUHU HECOIHOZHAYHOCTHU NOHATUA «ABHKYIIC-
ecst Tenoy». Jlom, B KOTOPOM MBI JKUBEM, SIBISETCS He-
MOJIBUKHBIM BO BPEMEHU OTHOCHUTENBHO 3€MHOM MO-
BEPXHOCTH, HO COBEPIIAET CIOXKHOE ABUKEHUE OTHO-
curesibHo CoutHIa, 3BE3]1 U Ipyrux HeOecHbIX Tei. s
Hac, pSIOBBIX 3€MJISIH, 0oJjiee MHTPUTYIOLIMMH Tpej-
CTaBISIOTCS CKOPOCTb MEPEMEILEHHs] TPAHCIOPTHOIO

3AJIAUM,
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cpencTBa U ero KoMmpopTadbeapHOCTh, a He Teorpadu-
YeCKHe KOOPAWHATHI B IIOOOH OTPE30K BPEMEHH.
OmnpeneneHre KOOPAWHAT — IPEPOraTHBa APYTUX HAYK:
ACTPOHOMHH, KOCMOHABTHKH, T€O/IC3UH, TONOTpad Ui 1
np. B xkabune camonéra HaxoaATCA MIJIOT, OOPTMEXa-
HUK, IITypMaH. Bce BMecTe oHI 00ecTIednBarOT 1 00-
CIIy’)KUBAIOT JBUKCHUE CaMOJIETa, HO 3a7aull y Kak-
JIOTO CBOH.

ABTOpPBI IUTUPYEMOTO UCTOYHHUKA C 3aBUHON Ha-
CTOHYMBOCTBIO, HE JKaJiess Oymaru, MpoaoJKarT BHE-
JIPATh B CO3HAHHUE INKOJIIPOB CBOW TMPEICTABICHUS O
MexaHuKe. «I10cKko1bKy nonocenue mena onpeoens-
emcs KoOOpOUHamamu ez2o mouek, mo 21aena 3a0aua
MEXAHUKU C600UMCA K MOMY, UM OoObl yMemsb blulc-
AAMb KOOPOUHAMbBL MOYEK meaa 6 10001 MOMeHm
épemenuy». BoT Tak, BEIUUCIATH HE IPOCTO KOOPIH-
HATHI [ICHTPA TSHKECTH Tella, a €r0 TOYEK, He M3BECTHO
TOJBKO CKOJIBKHX.

«Cucmema Koopounam, meno omcuéma, ¢ Ko-
MOpbLIM OHA C6A3AHA, U YKA3AHUe HAYaAna omcyéma
épemeHu o00paszylom cucmemy omcuéma, OMHOCU-
MenbHO KOMOPOU U paccmMampueaemcs O6udiceHue
mena....9moovl pewtums 3a0auy MexaHuku, HAOO
3HAMb, KAK U3MEHAIOMCA KOOPOUHAMbI mend co épe-
menem. Ho xax amo y3nams? Kaxumu oannvimu ny-
HCHO 012 IMO20 pacnonazams? Umo 0ondicHo Ovims
uzeéecmuo 3apaneey? BOT CKOIBKO Ba)KHBIX U 3Ha-
YUMBIX BOIIPOCOB, a «Omeemut Ha I3mu 60npoOCyl 0aém
Paszoen MexanHuxku, KOmopbulii Ha36l6AeMCA KU H eM d
m u K o . B ném mol o3nakomumca ¢ paznuuHsimu
GUOAMU OBUIHICEHUA U C MeM, KAK 8 PAZHBIX CAYUAAX
MOJHCHO Onpedenams noaoHceHue meaa 6 11000l Mo-
menm epemenuy [1, c.8]. YBaxaemslit unrarens! [Ipo-
YTUTE BHUMATENIBHO, a JIy4llle Mapy pas, Kymopsl W3
y4ueOHUKa U BBl MOHMETE, moyemy M. 3a70pHOB mpe/-
mou&N FOMOPHUCTHKY MexaHuke. [Ipemamonarato, oH ObIT
TIPHJIC)KHBIM YICHUKOM U TOOPOCOBECTHO TOTOBHIICS K
ypokaMm (QH3HKH. 3aTO MEHee MpPWIeKHBIE (CYXKy IO
JIBYM CHIHOBBSIM M TPEM BHYKaM) O (pU3UKE BOOOIIE U
MeXaHUKE B YaCTHOCTH HMEIOT BEChMa CMYTHOE TIPE/I-
CTaBIICHHE, MapUpys HAaIOOHOCTh YMETh BBIYUCISATH
MTHOBCHHBIC KOOPAMHATHI BHKYILIETOCS TEjia Hallu-
9YHeM CIUIOMETPA U JTOPOKHBIX ykazarened. C aTumu
JIOBOIaMU TPYJHO HE COTJIACUTCS, HO Sl YIIOPHO HE XKe-
JIan pa3euTh UX MHEHUE O JI0OBOJIBHO MHOTOYHCIICH-
HBIX NPOTHBOPEYMSAX B Mpeaesiax ogHoi Tembl. Oj-
HAKO, TI0X0KEe, OHM OBUIH TPAaBBI, M BOT JOKA3aTEIbC-
TBO. «/na moz20 umodvl u ¢ mom cayuae Haimu
nonoxycenue mena (M3BECTHO PacCTOSHHE, HO HEH-
3BecTHO Hanpasiienue, B.K.), nado 3nams ne onuny
(noguépkuyro mHoro, B.K.) npoiidennozo nymu, a
cogcem OpyzyI0 XapaKmepucmuKky —nepeme uj e v
u e mena. Ymo amo maroe»? ABTOPHI yIeOHHUKA TAIOT
«ImMoMy» HECKOIBKO CTpaHHOE ompezaenenue. «llepe-
Mmeuienuem mena (mamepuanvhou mouku)
HA3b16AI0M HANDPAG/IEHHBLIL OMPE30K NPAMOIl, COeOU-
HAIOWell HAYAIbHOE NOJI0MCeHUe mena ¢ e20 noc-
Jnedyrouum nonoxcenuemy. JINPUKH BPsAZ TN TT03BO-
T OBl ce0e MTHOPHPOBAThH JIMHTBUCTUKY, Ha3bIBas
JICHCTBUC — IIEPEMEIIICHUEY — HAMIPABICHHBIM OTPE3-
KOM IIPsIMOiA, HO Aenio He B 3ToM. Ha puc.8 [1,c.9] no-
Ka3aHa TPACKTOPHS MEPEMCILCHHIS Telia U3 TOYKH M1 B

TOUYKy Mp, mpencTaBisonas cobol mogodue IMmory-
OKpyxHOcTH. HauanpHas M KOHEYHas TOYKU COEMH-
HEHBI IPSIMBIM OTPE3KOM CO CTPEJIKOH Ha KOHIE, IOJ
HuM Haanuck «llepememienue». B uém 3neck ycmatpu-
BaeTcst HecooTBercTBHE? OTpe30K MpAMO, 0003BaH-
HBIN IEpEMEILIEHUEM, COEAUHAET ABE KpallHUE TOUKHU —
HadaJbHOE U KOHEYHOoe MHojoxeHus tena. Kymiopa B
Havasie a03ala yYTBEPXKAAeT, 4YTO IepeMelIeHHeM
Ha3bIBAETCS JIMHUS, COECAUHSIONIAs HadaJbHOE MOJO-
XKEHHE TeJla C nocanedyiouium nonoxcenuem. Ha tpae-
KTOPHU pEabHOTO IepeMelieHns nyTéM anddepen-
LUAIlMA MOXKHO BBIJCIUTH MHOXECTBO OTPE3KOB, Ha-
npapJieHKe KOTOPhIX U3MeHseTcs B npezenax 1800, Ha
TO xke c. 9 umraem: «HM3 Kypca zeomempuu V11
Knacca cnedyem, umo nepemeuieHueM nouKu 3a-
oaémea___eexkmop _ (nomuépkayro MHOM0, B.K.),
Hazbleaemulit 6eKmopom nepemewjenusay». Ho Ha pu-
CyHKe § TOuKa (TeJ0) MEXAy Ha4aJIbHBIM U KOHECUHBIM
MOJIOKEHUAMHU TepeMelianach 1o TpaeKTOpUH B BUJIE
HEIIPABWIBHON IIOJIYOKPY’KHOCTH, @ HE IO IPSIMOH,
HMEHYEMOH BEKTOPOM NEepEeMEIICHUS.

KopoTko 0 BeKTOpax, UX CYIIHOCTU U JEHCTBUIX
Hag HumH. [o [1, c.10] «BekTop ompenenasiercsi ero
MO/yJIeM M HampaBjieHHeM». J[pyrumu cioBaMu, Be-
KTOp 3TO OTPE30K NPSIMOW ONpeneNEHHOW AIMHBI CO
CTPENKOH Ha OJTHOM M3 KOHIIOB, yKa3bIBAIOUIEH Ha Ha-
NIpaBJIeHUE TepeMeleHuss. Moayns —  9HClo,
YKa3bIBaIoOIlee Ha COJCPKAHUE COUHUIl M3MEPEHHS B
OPHEHTHPOBAaHHOM OTpe3ke. B Hedpusmueckux KoH-
TEKCTaxX (3KOHOMHKA, ITOJIUTHKA) 110l BEKTOPOM ITOHHU-
MaeTcs TOJBKO HampasieHue. Jlymaro, 6110 OBl Iierne-
COO6pa3HI)IM TMMOHUMATBD I10J] BEKTOPOM TOJIBKO 3TOT I10-
Ka3arcjib U B (I)I/I3I/IKC, TOCKOJIbKY HaIpaBJICHUC U
MOJTyJIb O-pPa3HOMY HHAEKcHpyloTcs. Hampumep, Bek-
TOp YCKOpeHHUs] 0003Ha4YaeTCsi OYKBOM a CO CTPEIKOU
HaJl Hell (clieBa HampaBo), a MOIYJb YCKOPEHHS — TOH
e OyKBOH CO CTPEIIKOH, «...wMmo u cam 6eKmop...»,
HO OTPaHUYCHHOH ClIeBa U CIIpaBa BEPTUKAILHBIMH JIH-
HusMH. [lomydaeTcs, yTo OykBa CO CTpPENKOW HaJ HEel
WHJIEKCUPYET TOJIHBIN 00BhEM BeKTOpa (HampaBliCHHE
+MOJyNb), a IpH NOOABIEHNH OTPAHMYUTEIHHBIX BEp-
TUKAJIbHBIX JIMHUHA — TOJBKO MOOYJIb. A MoOXeT ObITh
IOJ BEKTOPOM U CJICAYCT MOHUMATH TOJIBKO HallpaBJiC-
HHE, HO 3TO HE BEKTOP C TOUKHU 3peHus pusuka. He nc-
KIIFOYE€HO, YTO CTPCJIOYKHM M BEPTUKAJILHBIC JIMHUU
crpaBa ¥ ciieBa OT OYKBBI OBUIM MPHUIYMaHBI BO Bpe-
M€Ha I'YCUHBIX [IEPbEB, KOT1a IPOCTABUTh UX HE COCTA-
BJSIO 3aMeTHOro Tpyna. [Ipu Habope Tekcra Ha IH-
LIyIIeH MallnHKe 3Ta MpocTasi olepanus BbIpocia B
po0ieMy 1 Ja)ke 3aMETHO OCIIOXKHSET paboTy 1o Ha-
Oopy TekcTa Ha KOMIIbIoTepe. A, IllaBHOE, KOMY, T1e 1
KOTI'JIa HY’HBI PACCMOTPEHHBIE HHAEKCHI BEKTOPA U MO-
oyst? Yok He pyKOBOJCTBOBAINCH UX aBTOPHI IIPHHIIN-
IIOM: YeM TyMaHHeEeE, TEM yuEHee.

Kax JUJICTAHTA B q)I/ISI/IKC, MCHA BECbMa 3aHUMACT
TaKOW BOIPOC: BCETAA JIU U 00S3aTEIIEHO I BEKTOP
JIOJDKEH TPEACTaBIATE COOOH OTPE30K MPSIMON, a YeM
XYK€ OTPE30K OKPYXKHOCTH, HJIIHIICA, POCTO KPHBOH,
OKpYXHOCTb LienmukoM? Mowu, Ooliee mpeycreBiIne B
(u3KKe, ONIIOHEHTHI YTBEPXKIAIOT, YTO IPH JBHKCHUH
TeJla 0 OKPY>KHOCTH, BEKTOP €ro JTMHEHHOU CKOPOCTH
€CTb KacaTeNlbHas K 3Toil okpyxkHocTH. Ho BekTop B
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(u3uKe He YCIOBHBIN OTPE30K CO CTPEIIKOH, KpoMe Ha-
MPaBJICHAS] OH HIMEET ONpEeIEHHOE YHCICHHOE 3HaYe-
HHE, IPUKaKETe OTKIAbIBATh €r0 B ONPEICIEHHOM
MacmTabe Ha kacatenbHO#? OmHAKO IBMKYILEECs IO
OKPYXXHOCTH TEJO HE IOKHIAET OTPAaHHICHHOTO €I0
npoctpancTBa. boree mogpoOHO 06 3TOM TO3KE.

51 mpuBEn oTHeNBHBIE aNOTU3MBI U3 pasnena «Ku-
HemaTukay. [lepeueHb UX MOXKHO JIETKO IPOJIOJDKUTH,
HO MOsI 33/1a4a COCTOUT B TOM, YTOOBI 00paTHTh Ha HUX
BHUMAaHHE CICHUAIUCTOB. A BooOmie, rocroga ¢u-
3WKH, €CJIM IJIaBHOM MpoOjeMoil MeXxaHWKH (KHHEMa-
THUKH) SIBJISICTCS ONIPE/ICTICHUE TTOJIOKEHHUE TeJla B IIPO-
CTPAHCTBE, MOXKETE YHUCTUTH IEPhs, MOCKOIBKY CITyT-
HUKOBBIC  CHCTEMBI ~ OpPHEHTAMH  JENAl0T  3TO
MPaKTUYEeCKA MTHOBEHHO C BBICOKOM TOYHOCTBIO. A
Kakue KOOPAMHATHI MpEAaraloT HCIONb30BaTh (hu-
3uku? B onHoMm u3 npumepos [ 1, . 7], B kauecTBe «om-
cuémay BHIOPAHO NPUIOPOKHOE CETICHHE A .

«Ilposedém 60o1b dopozu oce koopounam OX ¢
Hauanom omcuéma (Ha4aI0M KOOpounam) «menda o
6 mouke O. Koopounamul, omcuumauleaemole 6npago
om mouku O, dydem cuumams noa0IHCUMENbHLIMU, d
61e60 — ompuyamenvuvimu. ... Taxum oépazom, nono-
Jicenue mena Ha npAMoil Oyoem onpedenamuvca 00-
Holl Koopounamoii (mogu€pkHyTo MHOIO, B.K.)». Bot
Te pa3! ABTOpHI yIeOHHKA HACTOWIHBO YOSIKIAIOT yUe-
HHUKOB B TOM, YTO OCHOBHOM 3a/1aueii MCXaHNKH SBIIsIE-
TCSI OTIPEICTICHUE TIOJIOJKEHHUS TeJla B MPOCTPAHCTBeE, a
TYT O/iHa KoopauHata. Jla K ToMy )X 3a HadaJlo OTcuéra
(Temo otcuéra) BeIOpaHO MpUAOPOKHOE cenenue. [Ipo-
TSOKEHHOCTh CaMO'TO HPUAOPOXKHOTO CEJICHUS, W3BH-
HHUTE, MOKET UMETh HECKOJBKO KHUIOMETPOB BO-TIEp-
BBIX; BO-BTOPBIX, YTO 3HAYMT CJIEBA H CIIPaBa OT TOUKH
O (maburoaTens MOXKET CTATh JIUIIOM K JOPOTe H C OJ1-
HOH W C APYTOi CTOPOHBI); B-TPETHUX KaK MOXKHO TIO-
ayuuth 1600 M yTém cnoxxenus +1200 m ¢ —400 m. A
€CIIM JIopora He IpsMasi, Kak CTpela, a W3BWINCTas?
Kpome Bcero nepeumcieHHOT0, Hy>KHO 3HaTh KOOPH-
Hatbl camoit Toukn Q. CocTtaBuTenu yueOHHKA yMOJI-
Yaju 0 BO3MOKHOCTH OIPENENATh MOJI0KEHUE JIMHUU
Ha TOPHU3OHTAJIBHOM IUIOCKOCTH TI0  TOJSIPHBIM
(yrnoBeiM) KoopauHaTaM. CyTh €ro COCTOUT B U3MeEpe-
HHUH yTIa (a3UMyTa) MEX/1y CeBEPHBIM KOHIIOM MarHu-
THOT'O MEpH/IMaHa U BRIOpPAaHHOH JIMHHUEH, OTCUUThHIBAEC-
MOTO 110 YaCOBOM CTpEJIKE.

2. IMTPOBJIEMA
OU3NYECKNX BEJIMYWH

Ot Jpyrux HayK €cTEeCTBEHHOro npoduis, ¢u-
3MKa OTIIMYAETCA, MPEXkKAE BCEro, BHICOKOI CTENEHBIO
MaTeMaTH3alny, 9TO pacCMaTpPUBACTCs KaK KpUTEpUi
uctuHHOCTH. [IpakTHyecku o000l Gpusndecknii 3aKoH
WY TIPAaBHUJIO0 MOXHO KpaTKo, a, IJIaBHOE, TOYHO M OJI-
HO3HAYHO BBIPA3UTh (HOPMYIOH — COBOKYITHOCTBIO
OykB 1 nup, COETUHEHHBIX MEXKTy COOOM MaTeMarTu-
YeCKHMMH 3HaKaMu. HempemeHHbIM aTpuOyTOM Teope-
TUYECKUX (OPMYII SIBISCTCS PA3MEPHOCTD OMpeeise-
MOTO TIapaMeTpa, KOTOpas MOXKET OBITh Pe3ylbTaToOM
BBITIOJTHEHHBIX JEUCTBUN (Kr*M, M/c, JIp.) WiaH oO0IIe-
NPUHATON eMHUNEH n3MepeHus (BOJIbT, amMIlep, OM U
T. 1.). [1aBHOE TpeOoBaHue, NpeaAbsBIsEMOE K pa3me-
pHOCTH, — HaJIM4Yue (QU3NIecKoro cMmeicia. Jlrobomy,
Jlayke MaJIo HCKYIIEHHOMY B (PU3MKO- MaTEMaTHYECKUX

PA3BMEPHOCTEN

TOHKOCTSIX, YEJIOBEKY HETPYIHO MPEACTaBUTh (PHU3HIC-
CKHI CMBICI TaKUX pa3MEpHOCTEH Kak M2, M, Kr*M,
kr/cm2, r/cm®. Ha M2 MOKHO BCTaTh, IOCESTh — 3TO Mepa
mwromanan. VIMEIOT SICHBIN CMBICT pa3MEpHOCTH KI*M,
M/c, kr/cM?, r/em®, 0603HaYAKOIIME COOTBETCTBEHHO Pa-
00Ty, CKOPOCTb, JaBJICHNUE W IUIOTHOCTb, YETO HENb3S
ckazaTh o Kr?, c2. Vcronb30BaHME €IMHHI MAacchl
BPEMEHH C IOKa3aTeJsIMU CTEIIEHH, B CIIy4asx, Korjua
TIPY PELICHUH YPaBHEHUH UX MOAYJIH B CTEIIEHb HE BO-
3BOJATCS (HanpUMep, M/c?), TIPEICTABIISETCS HE JIETH-
THUMHBIM, TIOCKOJIbKY CTEIICHb HE MEHSET CYLIHOCTH U
pe3yJbTarta BRMUCIEHUH. Jlaxke «3aKOHHBIIN» M2, QuUry-
pHUpYIOIINil B pa3MEPHOCTSIX, HE BCET/Ia aZIcKBATCH Cy-
mHocTy. Tak, M?, HHAGKCUPYIOIIUH KBaapaT paccTo-
SHUS MEK Ty IIEHTPAMH Macc, COBCEM HE TO, YTO M2, UH-
JEKCUPYIOLIUH IOk,

KoMy, ckaxwure, mpuIET B TOJIOBY CKJIAJIBIBATH
METPBI ¥ KHJIOTPAMMBI, IEJIUTh KAIOTPaMMbI B KBaj-
pate Ha MeTpsl B kBazgpaTe? Iloxkamyi, HUKOMY, KTO
CIIO0COOEH OCO3HAHHO BBIMOJHSITE 3TH MPOCThIE apud-
METHYECKHUE JISHCTBHS. 3aTO caMble, CaMble aBTOpUTE-
THbIE (DU3UKU CIIOKOHHO M C yJOBOJBCTBUEM YMHO-
JKAIOT KWIOTPaMMbl Ha METPBI, a MOCIEAHUE JICIAT Ha
CEKYH/IBI M Ia)Ke B KBaJIpaTe, BO3BOIAT B CTETICHD K2, M
U ¢, COKpAIIaloT OJHOMMEHHBIE €IMHUIIBI H3MEPCHNS,
CTOSIIIIME B YHCIINTENE U B 3HaMeHarene. MareMaTuku
B3MPAIOT HA 3TO W HUCKOJBKO HE Bo3MymiatoTcs. C ux
TIO3MITNH BCE MPAaBUIIBHO U 3aKOHHO. Ecim B uncnmrene
CTOWT M, a B 3HAMEHATENIE M2, TO, OY/IbTe YBEPEHBI, OT
JIMHEITHOTO MEeTpa B YUCIIMTENIC HUYEro HEe OCTAHETCs,
a KBaJpaTHBIA METp 3HAMEHATelsl NPEeBPaTUTCS B JIU-
HelHbll. Ho yMHOXAaTh METpbl Ha KWJIOTPaMMBl, Je-
JIUTh METPbl Ha CEKYyHIbl MaTeMaTHK He CTaHeT.
CkJ1ajipIBaeTCsl BIie4aTlIeHHe, YTO HEKOTOpbIE MaTtema-
THYECKHE JAEHCTBHUS UCTIONb3YIOTCS (pU3MKaMH HE BCe-
IJla JETUTUMHO, TIOCKOJIBKY «M» €CTh €UHUIIA JJIHHBI,
a «?», «M%) — IPOU3BOIHBIE OT HEE U UMEIOT CaMOC-
TosATeNIbHOE ynoTpeOieHue. B ¢usnke Takux npume-
poB “3anpemEHHBIX NeHcTBUHM npegoctaTouHo. Cok-
palaoT Kr, ¢ Kr?, mpocto ¢ u c2. Keratu, o kr? u ¢ B
(dopMyne 3aKOHa BCEMHPHOTO TSATOTEHUS! IPOU3BE/Ie-
Hue M*M 3aMeHSIOT Ha K2, a KBaJpaT PACCTOSHHS Ha
M2, IOTOM COKPAIL[AKOT MX €CIIM OJIHOUMEHHBIE 0003Ha-
YEHMsI UMEIOTCS B YUCaUTeNe U 3HaMeHarene. Ho M —
Macca 3emsu 6*10%* xr, a m — npo6GHoE TeJo, Jomyc-
tiM, B l1kr. O6GCy)Xnaemple apaMmeTpsl (KT ¥ M) €CTh
OOILENPUHATBIE ETUHUIBI W3MEPEHHUS, TOATOMY IIpH
OIIpEIEIeHNH Pa3MEPHOCTH MCKOMOTO Napamerpa Hc-
TI0JIb30BaHHUE TIOKa3aTels CTEIIEHH ITPEACTaBIISETCS He-
JIOITYCTUMBIM, TTOCKOJIBKY HET KBaJpaTHBIX CEKYHI U
KWIOrpaMMoB. B03MOXXHO, IpH yKa3aHWU pa3MEpHO-
CTH CJEJyeT HCIIOJb30BaTh CHUMBOJIBI 3THX BEJINYHH,
Hampumep, t, m, |, a ve ¢, kr, m. Ho Torma Bo3uukaer
TPYAHOCTh IPYTOTO IMOpSAAKA — HEONPEIeIEHHOCTh: {
MOXeT 0003Ha4yaTh CEKyHIy, MHUHYTYy W d4ac; M
rpamMM, KWJIOTpaMM, TOHHY. BBIXOJ BUIUTCS B TOM,
YTOOBI 1TO/T CHMBOJIOM BCETJa MOIpa3yMeBallach OCHO-
BHAS eIMHHIIA MeXayHapogHoi cuctemsl (CI).

PaccMoTpuM Takne mapaMeTpsl Kak CKOpPOCTh U
YCKOpEHHE, UMEIOIINE Pa3MEPHOCTH COOTBETCTBEHHO
M/C 1 M/c?. Co CKOPOCTBIO BCE MOHSATHO: 3TO MYTh, B
MeTpax, NpOUJeHHBIN TesoM 3a 1 cekyHay. A yckope-
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Hue? B gacTHOM citydae TOXe IMyTh, IPONHACHHBIN Te-
J0M 3a | CeKyHIy M3 COCTOSHHS IOKOs, a BOoOmme —
W3MEHEHHE CKOPOCTH CO 3HAKOM + WIM MHHYC. Pe-
30HHO IIO3TOMY DPa3MEPHOCTBIO YCKOPEHHS CUHTATh
Toxke M/C. Ha Moit Bonpoc, 4To ecTh M/c? HEM3MEHHO
CJIEIOBAJ OTBET: 3TO YCKOPEHUE — METP B CEKYHIY 3a
ceKyHay. bynTo B cexyHay U 3a CEKyHAy HE OJTHO U TO
xe. K npumepy, panuo benapycu roBoput: CKOpocThb
BeTpa 5 MeTpoB 3a ceKyHIy. Toraa B ycrax Oenopyca
yCKOpeHHe OyJieT 3ByuaTh: METPOB 32 CEKYH/Y 3a ce-
KyHay. J[pyrue TOBOPAT, 4TO C? MOHaJ00MIach Ui
TOTO, YTOOBI OTJIMYATh CKOPOCTb OT ycKopeHus. Ho
Be/Ib OHH MHIECKCUPYIOTCS ITO-PAa3HOMY: CKOPOCTh OYK-
BOH «V», a YCKOPEHHE — «a», BOT U OTIMYKE. MBI IIpU-
BBIKIIH K TOMY, YTO YCKOPEHHE HMEET Pa3MEpPHOCTh
M/C? 1 coBceM He 00palllaeM BHHUMaHHE Ha TOT (akT,
YTO HPH PacdeTe CKOPOCTH PAaBHOYCKOPEHHOTO ABHKE-
HUSL U3 COCTOSIHUS TIOKOS 32 OIIPEAEIEHHOE BpeMs, Ha-
IpUMeED, 3a 5C, MBI COKpallaeM CEKYHAY B YHCIHUTEINE C
CEKyHJION B 3HaMEHAaTeNe, XOTs CeKyH/a B YUCIUTETe
HE Y4acTBYeT B apU(METHYECKOM IICHCTBHH, a JIMIIb
yKa3bIBaeT Ha MPHHAJUIC)KHOCTh YUCICHHOTO KOd(hhu-
1ueHTa. B 3HaMeHarerne ke ceKyHIa—MHAeKC ObuIa BO-
3BEJICHa B KBaJparT, a 3aTeM CokpamieHa. [l npumepa
BBIYHCIIAM CKOPOCTh Tella, JBIIKYIIErocs ¢ ycKope-
HEeM SM/c? yepe3 Sc ¢ Havana aBuxkeHus. OHa cocra-
BUT: V = a*t = 5 mM/c®*5¢ = 25m/c. 3aueM, crpalupae-
TCs, MOHaMO0WIAch C2 B 3HAMEHATENE Pa3sMEPHOCTH
yckopeHus? A 3ateM, 4ToOBI pe3yJIbTaT UMEIN pa3Mep-
HOCTh M/c. Ho ropu3oHTanbHas WM HAaKIOHHAs YepTa
MEXLY M H €, M U ¢2 3aMeHsieT (0003HayaeT) 3a, Ha WiIn
B, 2 He apudMeTHIecKoe IEHCTBUE — JesieHne. Mexay
TeM, HYXKHYIO pa3MEpHOCTh pe3yJbTaTa MOKHO IMOJy-
YUTh WHBIM «3aKOHHBIM» cCIOcOOOM: V = Sm/c*5 =
25m/c.

C TOYKM 3peHHs NMHUIIYIIETO 3TH CTPOKH, B 00CY-
xKnaeMoi opmyrie, B kakoM ObI BUJIE MBI €€ HE 3alH-
cany, (UrypaHTaMu SIBISIOTCS MOAYJb CKOPOCTH B
MeTpax 3a | cekyHAy u 5 equHHUI BpeMeHU. Apugme-
THYECKHE JICHCTBHUS MPaBOMOYHBI TOJBKO B OTHOIIE-
HUH pEAJbHBIX YHCEN, COKpAllaTh CEKyHAY B UHCIH-
Tene C CeKyHJOH B 3HaAMEHaTele B JIAHHOM Ciydae
pescTaBisieTcs HeponycTuMbiM. IIpuseny Takoil npu-
Mep: B SIIUKE HAXOJIMUIOCh 5 A0JIOK, KAXKIYI0 CEKYHIY
B Hero 7100aBysn 5 s1010k. CKOJBKO SI0J0K OKaXeTcs
B sAmmuKe uepes 5 cekyHa? Pemenune: X=5a+5 a*5c=
5 s1+25 s*c? Wim: 100 s16510K pa3noxxuim B 5 KOpoOOK.
CkoJbKO 510JI0K B KaxJ10i KopoOke? YueHuk 4 Kiacca
pesynbrar 3anumer Tak: 20 s B Kop., HO He 20 s/Kop.
OTH NpUMepHI HATJISTHO TTOKa3bIBAIOT, YTO aprdmeTH-
yeckuil (anreOpanyeckui) MOAXOA K OIpENeSICHUI0
pa3MEpHOCTH IapaMeTpa He BCeraa IpHeMileM, OIpe-
JISIISAIOIINM CIIEAYeT CINTATh (PU3HIECKUI CMBICI.

PaccmoTrpuM emé ouH mpuMep HECOOTBETCTBHUS
MOJTYY€HHOW Pa3MEPHOCTH (PU3NIECKOMY CMBICITY: Ma-
TEMaTH9YEeCKOe BBIpA)KEHHE 3aKOHAa BCEMHUPHOTO TSTO-
teans F= G*m;*m,/R?. Ilpoananusupyem cHauana
pa3MEpPHOCTh I'PAaBUTAIMOHHOM MOCTOSIHHOM, KOTOpas
BRI MT Tak: G=H*m?/kr?. UecTHO roBops, Qpusnde-
CKHii cMbIcl e€ He ynaBnuBaercs. Hackoyibko nerutu-
MHO OTHOCUTH H*M? K KI?, CHJIy TOMHOXEHHYIO Ha M?
((pakTHueckn mIoMmAIL) K Kr? (BoobLIE HETIOHATHO Y4TO
9T0 Takoe)? A eciu pacnucaTh pa3MepHocTs camoro H,

To nomy4aercs emé 3auaTHee: G = m¥/kr*c?. [lo moemy
Henpo(peCcCHOHATbHOMY MHEHHUIO, TPaBUTAL[MOHHAS
mocrostHHas  (G) momkHa OBITE  Oe3pa3sMepHBIM
koadunrenToM. Ho meno naxe He B 3TOM, CMyIIaeT
HE TOJBKO Pa3MEPHOCTb, HO M YHCICHHOE 3HAYCHHE
IpaBUTALIMOHHOM mHocTosHHOM: G = 6.67 107! M3
/Kkr*c?, a, TIAaBHOE, 3a4eM OHA MOHano0uIacs?. Y MeHs
Ha celf cuér 1Ba BapuaHTa: 1) caenars Oonee mpuemiie-
MO pa3sMepHOCTh CUJIBI B3aUMOIECHCTBUS IBYX Tel; 2)
OOBSICHUTh OTCYTCTBUC pE3yJbTaTa B3aHMMOJCHCTBHS
JBYX TMPOOHBIX TEJ, HMEIONIMX Maccy MO 1Kr, HaXos-
umxcs Ha pacctosHuu 1M. bes G pa3MepHOCTh CHITBI
B3aUMOJIEHCTBHSA JIBYX Tel paBHa Kr2/m2, Beas G, mo-
aydauM  Kr*m/c’>—3HamenuToiii HbloTon. Jlomyckaro,
4T0 a0COJFOTHO HE MPaB, HO HE UCKITIOYAI0 U TAKOW Ba-
PHAaHT: cHauasa mosiBiiIachk exuHuia cuwisl H, HO moc-
KOJIbKY €€ pa3MepHOCTh HE YBSA3bIBAIACH C PA3MEPHOC-
TBIO CHJIBI B3aMMOJICHCTBHS IBYX TEI (xr?/M?), BBETN
IPaBUTANMOHHYO OCTOSHHYIO M BCE BCTAJIO HA MECTO.

B yuebnuke ¢m3uku [1 C. 108] uwnraem:
«Koaghpuyuenm G umeem npocmoii u acuutii cmoici
(! B.K.). Ecnu maccet oboux e3aumooeiicmeyroujux
men M u m pasnvt eounuye (M =m =1 k2) u paccmo-
AHue I medxncoy Humu momice pagno eounuye (f =1 m),
mo, Kak eéuono u3 gopmynsi (1), /F / =G. ...Hocmo-
AHHAA _6CEMUPHO20 _MAZOMEHUA _YUCICHHO DAGHA
CUIe_NPpUmMANCEHUA_MeHcoy 08ymMsa_menamu_(mame-
pUanbHbIMU_moukamu) maccoi 1 ke xaxycooe, Ko20a

paccmoanue mexcoy Humu pagno 1 m. (ToTIEPKHYTO
MHO0, B.K.)». Ecim 3T0 Tak, TO MOCTOSIHHAST BCEMUP-
HOTO TATOTCHHS YUCICHHO paBHa 1 M mMeeT pa3mep-
HocTh Kré/m2 Ha CIIEAYIONICH CTpaHUIEe YYeOHHKA
YYEHUKAM CTapaTelbHO OOBICHSAIOT, KaK BBIYMCIIIIN
9Ty CaMyl0 TPaBUTAIIMOHHYIO MOCTOSHHYI0 «G». s
9TOTO TIOJT OTHOM U3 YaIlIeK YYBCTBUTEIHHBIX BECOB TO-
JIBENIMBAJIA CTEKIISIHHBIN 111ap, HATIOJTHEHHBIH PTYTHIO.
C momoI1IpI0 TUPh BEChI MPUBOIUIN B paBHOBECHE. 3a-
TEM TIOJI Iap C PTYTHIO OCTOPOIKHO 3aKATHIBAIM CBHH-
noBbIi map Maccoit 6000 kr. [Tox gelicTBHEM CHIIBI TSI-
JKECTH OT OOJIBIIOTO Iapa KOPOMBICIIO BECOB C MIPUBSI-
3aHHBIM K HEMYy MalbIM IapoM HaKIOHSJIOCH,
(buKkcupys CriTy B3aUMOAEHWCTBUS NpoOHBIX Macc. C
MTOMOIIBIO JTOTIOJTHUTEIFHOM THPH BECH CHOBA IIPHBO-
JITACh K paBHOBecHI0. Tak ObUTa YCTaHOBIIEHA YHC-
JICHHAs] BEJIMYMHA TPABUTAIIMOHHOMN MOCTOSTHHOH “G”.
KoHkpeTHbIE omepanuu He MPUBOJATCS, a Kajlb, MOC-
KOJIbKY XOTEJIOCh OBl 3HaTh, C MIOMOIIBIO KAKUX THPb
yAaloCh YCTAaHOBHTH CTOJIb Malyl0 BEIUYUHY
(6,67*10°1Y), umerontyio TaKyio CyHmepCTPaHHYIO pa3-
MepHOCTb (M%/Kr*c?), eciu 4yBCTBUTENIBLHOCTH CaMBIX
COBEPIIEHHBIX PHIYKHBIX BECOB COCTABISET HECKO-
JIbKO MMJUTMOHHBIX JoJiel rpamma [ 1, ¢. 113]. Ho B Tom
e uctoyHuke (c. 107) 3ak0H BCEMUPHOTO TATOTCHUS
chopmynupoBaH Tak: «Bce mena npumszuearomcs
opyz K Opyz2y ¢ CUNOIl, NPAMO NPONOPUUOHATLHOU
npPoU36e0eHUI0 UX MaACC U 0OPAMHO RPONOPYUOHATb-
HOUl Keaopamy paccmoAHUs mexHcoy Humuy». 31ech
HHUYEro He CKa3aHO O IPaBUTALIMOHHOM MOCTOSIHHOM, a
9TO CYHIECTBEHHO MEHSIET pe3yibTar. Ecnu aBTopy He
M3MEHSeT NaMATh, JieT 50 Haza] B IIKOJIBHOM Kypce
(¢U3MKN OHa TOXE HE yIMOMHHANACh. TaK U 4ero xe
MMOHaIOOMIIaCh TpaBUTAIIMOHHAS TTocTosTHHA? Jla s
TOTO, 4TO 0€3 HEe€ CHyIa B3aUMOJICHCTBUS MEXKITY ABYMS
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KWJIOTPaMMOBBIMH MacCaMH IIPH PAcCTOSHUU B 1 M
0Ka3aJ1ach HETIOMEPHO OOJIBIION IT0 MOJYJIIO M HE IO~
TBepKAajach dkcrepuMeHToM. CKOIb OBl TIIATENBEHO
HE MOJIMPOBAIH MOJICTABKY W IIOBEPXHOCTH CAMHUX IIIa-
POB, IPH PACCTOSHUM MEKAY HUMH B 1M IIapsl He xKe-
nanu cOmmxarbes. HykHO OBITO CPOYHO criacathb Mo-
IIaTHYBIIYIOCS TEOPHUIO, U B (HOPMYITy BCEMUPHOTO Ts-
rotenust BBenmu “G” C  MH3EPHBIM  YHCICHHBIM
3HA4YEHHEM, 3a0[JHO W Pa3MEpPHOCTh MOATSIHYIH 10
“H”. Ho BepHéMcs K mapam, KOTOpBIE, UMest MacChl B
IKr 1 pacroyioXXeHHbIe Ha PACCTOSIHUM 1M, YIIOpHO He
KeJaT commxarbes. U npaBuibHO moctynarot. Bens
Ha KaXK[IbIi U3 HUX B OTAENBHOCTU ACHCTBYET CHJA
MPUTSDKEHUS Beell 3eMin, BO MHOTO, MHOTO pa3 00Ib-
TIast CHJIBI B3aUMOJICHCTBHS IApOB MEeKAY co00it. [l
mymiel yoequTeIbHOCTH NPUBENy TaKoi mpumep. B ce-
peIrHe IBYX HUTEH pa3MECTHM JIBa IIapHKa, MarHUT-
HBII M XKEJEe3HBIH, Ha PACCTOSIHUH, JOCTATOYHOM IS
BU3YyabHO (DMKCHPYEMOTO B3aUMOJACHCTBUS. 3aTeM K
HIDKHMM KOHI]aM HUTEH NMPHUKPENHM IO THpPEe, BECOM,
HAMHOTO IPEBBIMIAIOIIAM CHIIy MarHUTHOTO B3aMMO-
nectBus. Tenepp IIApUKH OCTaHYTCS HETIOJBUXK-
HBIMH, XOTSI CHJIa B3aUMOJICHCTBHS MEXly HUIMHU OCTa-
J1ach MPEXKHEN.

XOopomo M3BECTHO, YTO B OE3BO3AYIIHOM IIPO-
CTPaHCTBE YCKOPEHHE CBOOOMHOTO MAaJCHUS HE 3aBH-
CHT OT Macchl. B TpyOKke, 13 KOTOpO# OTKa4aH BO3AYX,
C OJJMHAKOBOM CKOPOCTHIO (YCKOPEHHEM) Ma/latoT JIET-
KO€ TEPHIIIKO, CBUHIIOBBIM IAPUK M JEPEBSHHBINA Ky-
6uk. Mimes mpenctaBieHue o Bece (51 yMBIIIUIEHHO YIIO-
TPeOWJI 3TOT TEPMUH BMECTO MAaCChl) MEPEUHCIICHHBIX
MPEeIMETOB, OTKA3bIBACIILCS BEPUTH IJa3aM, HO HOCIie
HECKOJIbKMX ITOBTOPOB HUUETO HE OCTAETCs, KaK COorJa-
CHUTBCSI C TEM, YTO YCKOPEHHE CBOOOJHOTO MaJeHusl,
NpU OTCYTCTBUM IOMeX (HarpuMmep, COIPOTHBICHUS
BO3/yXa) HE 3aBHCHUT OT Beca (Mmaccel). Kazamock Obl,
OUYEBUIHBIA 3TOT (aKT JOJDKCH OBLI MPUBECTH (H3H-
KOB-TEOPETHKOB B 3aMENIaTEeNILCTBO, HO 3TOTO HE CIIy-
YMIIOCh. MICIIONB3yst MaTeMaTHYeCKHue BEIPaXXeHUs 2-T0
3akoHa Hrrotona, F = ma (2), u 3akoHa BCEMUPHOTO
tarotenus, F = G*Mm/R? (3),0u1 hopManbHO BIONHE
yOeUTEIbHO TMOKa3alu, YTO YCKOPEHHE CBOOOIHOIO
MajieHusi He 3aBHCUT OT Macchl mpobHoro Tena. Che-
naHo 370 ObuT0 Tak. CHavana ypasHsuta cuisl [F(2) =
F(3)], 3aTem “@” 3aMeHnIM Ha “Q”. HAILIUTH €TO BhIpaXe-
are u3 hopmysst (2) (g = F/m), moacrasus BmMecto F
ero 3HaueHue u3 ¢Gopmyssl (3), nomydaem: g = F/m
=G*M*m/R?>*m = G*M/R%4). Bremne Bcé mpasu-
JBbHO, B INpHBeAeHHOH Qopmyne (4) nmpoOHas Mmacca
“m” yxe He Qurypupyer (cokpaimieHa), OTCioa U
BBIBOJI: «YCKOpeHUe c60000H020 nadenusa “4” ne 3a-
eucum om maccwl “Mm” mena u, cnedogamenvro, OHO
00unaxo6o ons eécex mean[l, c.110]. 3nech s;BHO ur-
HOPHPYETCsl [TPaBOMOYHOCTh 3HAKa PABEHCTBA MEXILY
«a» U «g», MOCKOJIbKY TIEPBOE €CTh BEJIIMYMHA Iepe-
MEHHasl, @ BTOPOe — BeJIMYHMHA [TOCTOSHHAS U pa3inuHa
UX IpHUpoAa. ITO Kak pa3 TOT CIydaid, Koraa Habiro-
JIAeMBIH pe3yJbTaT HAaXOAWUTCS B IPOTUBOPEYHU C
pac4y€THbIM. HacKOJIbKO JISTHTUMHO CBSI3BIBATh CTOJIb
CTPaHHYIO CUTYalHUIO ¢ HAOOPOM CUMBOJIOB B (hopMyJie
(4) n >xoHrnupoBanneM OykBeHHbIMH cuMBoslamu? [To-
yeMy Mbl IpUHUMaeM Ha Bepy ¢opmyiy (4) 1 He npue-
wieM Qopmyny (2) ¢ NPOTHBOIOJIOXHBIM BBIBOJOM:

YCKOpEHHE CBOOOAHOTO MaJEHHS NMPSIMO MPOMOPLHO-
HaJbHO cuiie (HEU3BECTHO KaKOW) M 0OpaTHO MPOIIOp-
OUOHAIBHO Macce «IpoOHoTo» Tema. CKopee Bcero,
MIOCTOSTHHOE 3Ha4YEHHE {J pa3HbIX [0 Macce Tel B TpyOe,
13 KOTOPOH OTKa4aH BO3AYyX, 00YCIIOBICHO HUYTOXHO
MaJIBIMH MaCCaMH «IPOOHBIX» TEJI B CPABHEHUH C Ma-
ccoit 3emmu. Ham Bpsa nu ynacTes, Jake ¢ IOMOIIBIO
MIPELM3UOHHBIX IPHOOPOB, 3aUKCUPOBATH U3MEHEHHE
OCaJiKl OKEaHCKOIo JaifHepa OT IMOCaJKu Ha HEro
MYXH, U JJa)Ke TOTPY3KH CIIOHA, Pe3yJbTaT CKa)KeTCs
JIMLIb IPU 100aBICHNH I'Py3a, COM3MEPHUMOTO C TPY30-
MObEMHOCTBIO cyiHa. TakuM 00pa3oM, BEIBOJ O TOM,
9TO «{J» HE 3aBHCHT OT «M» CIpaBEeIINB IO OIpe-
JEeTIEHHOTO 3HAYESHNUS MAaCChI «IIPOOHOTO» Tea. Y TUBH-
TENbHO TO, YTO PA3MEPHOCTH “Q” — M/c? moNydaeTcs 1o
ob6ouM BapuanTam: g = F/m u g =G*M/R?. Opnaxo
YyTh BBIIIE OTMEYAJIOCh, YTO YCKOPEHUE 3TO M3MEHE-
HHE MOZYJISl CKOPOCTH B METpax 3a CAWHHILY BPEMEHH,
MO3TOMY Pa3MEPHOCTh €ro JOJDKHA ObITh M/C. 3ameHa
M/c? Ha M/C He NPUBEAET K M3MEHEHUSM PE3YJIbTATOB
BBIYKCIICHUH, HO MO 00OMM BapuaHTam “g” Oyzer
HUMETh Pa3MEpPHOCTh M/C, KaK M JIOJDKHO OBITh. A BOT
BaIMJHOCTh 3HaKa PaBEHCTBA MEXIYy YHCICHHBIMHU
3HAYCHUSAMU F, BEIYHCICHHBIM 110 (opMynam F = m*a
u F = G*M*m/R? MIPECTABISAETCS BEChMa COMHUTEIIh-
HOH. B mepBoM cimywae BenmmunHAa F MOXET HMMETh
caMble pa3HbIe 3HAUEHMS: OT OECKOHEYHO Majoro N0
0EeCKOHEYHO OOBIIOTr0; BO BTOPOM — F ecTh Beln4nHA
MIOCTOSTHHASI, TIOCKOJIBbKY TOCTOSHHBIMHU SIBISTFOTCS G,
M (macca 3emnn) u R(paguyc 3emuin).

[TpakTH4yeckn Bce OMIOHEHTHI YIPEKalOT MEHS B
TOM, YTO CCBLJIAIOCh Ha MIKOJIbHBIC YYEOHUKHU JBaj1a-
THJIETHETO BO3PAacTa, €CTh, AECKATh, CBEIKUE CEPhE3HBIE
paboTsl. beccniopHo, €cTh, HO 0 HUX 3HAeT BEChbMa Y3-
KUl KpyT JInIL, a o yueOHuKam (U3KMKe B pa3Hoil Mepe
YUHIIHCH BCE M IPYTHX y4aT. CUuTaio, 4To IMEHHO yde-
OHHK JTOJDKEH OBITh U 00Jiee TOCTYITHBIM U CaMBIM J0-
CTOBEPHBIM HCTOYHUKOM ITO3HAHUS MO Ka>KI0H ANCIIN-
IUIMHEe. A 9TO KacaeTcs BO3pacTta, TO OCHOBHBIE
paszensl B yueOHMKax, M3faHHbIX 20 jeT crycts, He
TIPETEpPIIeNN CYIIECTBEHHbIX U3MEHEHNH, a OTAEIbHBIE
ab3al1ipl epenycaHbl CJIOBO B ¢I0BO. VIMeroTcs B BHIY
yueOHUKH pu3nku st 11-IeTHUX PYCCKOS3BIYHBIX Oe-
napyckux mkod uzganus 1999 — 2002 rr. Crnpaseainu-
BOCTH pPajy, CIEAyeT OTMETHTh HAJINYHE HEKOTOPOTO
porpecca, B 4aCTHOCTH, MOTBITKU YOEUTh B 3aKOHHO-
CTH COBEpIAEMBIX MaTeMaTHYECKHX JACHCTBUI C eau-
HUIIAMH NU3MEPEHUH.

3. OCHOBHBIE EJJMHUIIbI U3SMEPEHI A

1. Metp (1mM)— eauHuUA sl OLEHKU JIMHEHHBIX,
IUTOLIaHBIX ¥ OOBEMHBIX I1apaMETPOB IIPEIMETOB,
2JIeMeHTOB penbeda 3emin u e€ camoil. Mimeercs me-
TaJVIMYECKUN ITAJIOH, XPaHSAIIUNCA B YCIOBUSX, HC-
KJIIOYAIOLIMX U3MEHEHHE ero JUIMHbl. Kpome toro, 1 M
ato pudmmkénHO 1/40 000 000 "acTh IJIMHBI 36MHOTO
MepuauaHa, npoxozsmero yepes [lapmxk, taxxe 1 650
763,73 nnuH BOJH OPaHXEBOH CHEKTPATbHOW JIMHUH
M3ITyYeHUs aTOMa KPUIITOHA ¢ aTOMHON Maccoit 86. [ly-
MAaeTCsl, YTO JJIsl pEIIeHNs BCEX 3eMHBIX po0JieM ObII0
Ob1 tocTaToyHoO dTanoHa. Metp B cucreme CH 3ameHun
cantumetp B cucteme CI'C, u 31eCh BOIIPOCOB HET.



46

Sciences of Europe # 28, (2018)

2. Kujgorpamm (1kr) — eaunaniia Maccel. Takke
UMEEeTCs 3TaJIOH, XPaHAMIMNCS B HAIUICKAIIUX YCIO-
BUSIX, 32 SKBUBAJICHT MECHBIIIEH TOYHOCTH MOXHO IIPH-
HATh 11 umcTol Boasl mpu Temmneparype 15° C. Eciu
MHE HE M3MEHSET MaMsATh, HAM OOBACHSIIN, 9TO Xpa-
Hsmuiics B CeBpe TalOH C HA3BaHUEM «KHJIOTPaMM»
SBIISICTCA €IUHHUIEH Beca, HMEHHO Beca, a HE MaccChl.
Ero co3nanue ObUI0 0OYCIIOBIEHO Pa3BUTHEM TOPro-
BJIM B INI00AJIbHOM MaciiTade, MoCKOJIbKY B MUpPE YIO-
TpeOJUTUCH pa3Hble eAMHULIBI Beca. Bpsia i k1o cTa-
HEeT OTPUIATh MPAKTUYECKYI0 3HAYMMOCTh ITAJIOHA.
Yepes ero 3KBUBAJICHTHI U JPOOHBIE YACTU MOXKHO J0-
BOJIBHO TOYHO OMNPENEIUTH BECOBOE KOJIMYECTBO TO-
Bapa. dusnueckas CyIHOCTb KI' €CTh CHJIA, C KOTOPOH
STaJIOH WM €T0 SKBUBAJCHT MPHUTATUBAIOTCS K 3eMIIe,
IpUYEM €€ 3HAYCHUS 3aBUCAT OT IIUPOTHI: MUHUMAaJIb-
HBIC Ha PKBAaTOpE, MaKCHMalbHbIE Ha momocax. Pas-
HHUIA O0BSCHIETCS BHIYNTAHHEM HA HKBATOpE IIEHTPO-
0exHOii (110 MOEMY MHEHHIO, OTLIEHTPOOEIKHOIT) cocTa-
BIIAIOIICH.

Ho B cucreme CU Kr ecth enquHMIA Macchl. Yu-
TaeM e€ OIpelelieHHe B «IOJIOOUBIIEMYCS» aBTOPY
ucrounuke [1, c.80]. «Macca mena — s3mo éenuuuna,
svipasicarowan ezo unepmuocms. Ona onpedensem
OomHoOuleHue YCKOPEeHUA IMAIOHA MACCbl K YCKope-
HUI0 mena npu ux é3aumoodeiicmeuuy. Ilepsoe npen-
JI0)KEHHUE ONPENIENICHNs] MACChl, B CBOIO OYepenb, Tpe-
OyeT math onpexnencHre nHepTHOCTH. Ha c. 78 unraem:
«HMnepmnocmo — 3mo ceoilicmeo, npucyuiee 6cem me-
aam. Cocmoum oHO 6 HoM, YUMo 0N USMEHEHUS CKO-
Ppocmu mena Ha 3a0aHHYIO ETUNUHY HYIICHO, UM O0bl
delicmeue Ha He2o J1100020 Opy2020 mena Oaun0cL He-
Komopoe epema. Yem 3mo epema 60onvue, mem une-
pmHuee menoy. llo-xopouieMy 3aBHIyI0 15-neTHHM
HIKOJISIpaM, CyMEBIIMM YSACHUTH U3 HANMCAaHHOTO CYIII-
HOCTb MHEPTHOCTH, MHE 3TO HE YAaJI0Ch, MOXET I10-
TOMY, 4TO ITPUBBIK CYUTATH (PU3UKY CaMON KOHKPETHOH
MaTeMaTU3MPOBAHHON HayKOW, a MHEPTHOCTh — HH3-
KOW CIIOCOOHOCTBIO MAaTepHaJbHBIX TeNl K B3aWMO-
JIEWCTBHIO (MHEPTHBIE Ta3bl, WHEPTHBIC XHIKOCTH,
WHEPTHBIE CMECH, MHEPTHBIE MOPOIIKHA U T.A.). Emé
HaM PacTOJIKOBANIH, YTO TeJa MOTYT IPOJOJIKATh ABU-
JKeHME TI0 33/IaHHOMY HalpaBJICHHUIO TTOCIIE TIPeKpalle-
HHS JEUCTBUS CUJbI, oOecreunBaBIieii ABmwkenue. U
Ha3bIBAJIOCH 3TO SIBJICHUE HHepUuei. TepMUH 3TOT uc-
MOJI30BAJICSI M WCIIOJNB3YeTCSl HBIHE HE TOJBKO B
TEXHHKE, HO ¥ B OBITY B KOHTEKCTE COBEPIUCHHMS JIeH-
CTBH WY IOCTYIKOB MO MPUBBIYKE, PACTIPOCTPAHSACH
Jlake Ha MBICIUTENbHYI0 cepy UYesoBeYecKor nes-
TenpHOCTH (MHepums MbinieHus). Celiyac Mexay
paccMaTpUBaeéMbIMU TEPMUHAMU INIOCTABJIEH 3HAK pa-
BEHCTBA, YTO IIPHUBEIO K ITOJIHON ToTepe (HPU3NIECKOTO
cMbicia. BuwWrtaiiTech BHUMATENbHO B OIpE/EiIeHUE
HHEePTHOCTU (PKUPHBIH KypCHB BBIIIE) M MONPOOYHTE
OIIGHUTH €0 CYIIHOCTh. ABTOPHI yueOHNKa yOeKJaroT
HaC B TOM, YTO HHEPTHOCTH (MHEPIHXS) €CTh M3MEHEHNE
CKOPOCTH TeJa Ha 33JaHHYIO BETHYUHY (KeM U KaKyIo,
B.K.) B Teuenne nexoroporo (xakoro? B.K.) Bpemenn
U «4em Imo épems 007buie, mem UHEPMHee meaoy.
JlommycTuM, MOCTaBUIM MBI Ha KPBIITY MSITUATAXKKHU HTa-
JIOH Macchl M CKOJBKO JXK€ BpEMEHHM NoTpedyercs,
4TOOBI ONPENENUTh Ty camylo e€ nHepTHOCTh? HEblo-

TOH TIPUKYCHJI OBbI TYOY, MMOCKOJBKY B [1, c. 81] Hamm-
caHo «Macca mena evipajicaem ezo co6CcmeeHHOe
ceoilicmeo (UHepmHOCmb), KOMopoe He 3A6UCUm HU
om mozo, 6 KAaKux 63aumo0eicmeusx meno
yuacmeyem, HuU 0m mozo, KaKk oHo oeuycemcar. 11o-
Hadally lyMaJloCh, YTO 3TO CTYAEHTHI aBTOPOB ydeO-
HUKa HaIMCaJIM TaKoe pajy 3a0aBbl B OCTABICHHOW Ha
Kadenpe pyKOIHCH, IOATOMY 00paTHMCS K y4eOHHUKY
¢usuku ms 7 xiacca m3nanus 2000 rona [5, ¢.59]. 3a
19 et 0coOBIX U3MEHEHHH HE YCTaHOBIICHO. «Macca —
Mmepa uHepyuu OanHozo mena. Hnozoa zogopam:
Mepa urepmHocmuy . BbIXOUT, HHEPLIUIO WU UHEPT-
HOCTb, KaK U Maccy, U3MEPSIOT TOXKE KHIOTpaMMaMH.
A 9yTh paHble, Ha ¢. 54 untaem: «Ceoiicmeo mena
COXPAHAMb COCMOAHUE NOKOA UNU PAGHOMEPHOZ0
ogudIceHUA (COXPAHAMY CGOI0 CKOPOCMb HEU3MEH-
HOIl) npu omcymcmeuu O0eiicmeus Ha He20 Opyzux
men nazvigaemcsa unepyueil». Torna MOXHO JIOTOBO-
PHUTHCA 10 TOTO, YTO Macca — CBOMCTBO Teja COXPaHsITh
COCTOSIHHE TIOKOSI MJIM PAaBHOMEPHOTO IBIDKCHUS NPH
OTCYTCTBUM ACUCTBUSI HA HETO APYyrux cuil. Moemy mno-
KOJICHHIO TMOJIOOHYI0 (DOPMYJIUPOBKY MPENOAHOCHIIN
kak 1 3akoH HproToHa.

I'maBubIe BBIBOAEI 110 [1, § 20] copmymnupoBaHbI
TaK:

1. Yem 6onvwe macca mena, mem mpyonee
UIMEHUMDb €20 CKOPOCHb.

2. Macca usmepaemca 6 KUnozpammax u ne 3a-
eucum om mozo, 20€ Haxo00umcs meJo.

Uro maér nepBelii BeIBO? KoMy U Kakas OT Hero
noip3a? OH BOCIHPHUHUMAETCS TPOCTO KaK OBITOBAs
(paza, HUKOTO ¥ HU K YeMy He oOs3biBatoas. Mnu Ha-
000poT, Macca ecTh (PYHKIUsSI CKOPOCTU: YeM OoJiblie
CKOPOCTh, TéM 0OJIbIIIe Macca. A 3TajoH, MOX0Xe, BO-
o011e He 001aiaeT Maccoi, MOCKOIBbKY HE MEHSIET I'e0-
rpau4ecKux KOOPJIMHAT, OTHOCHUTEIHHO 3€MHOU MO-
BEPXHOCTH HETIOJIBIKEH U B3aUMOJICHCTBYET C TI0/ICTa-
BKOM, Ha KOTOPOIl XpaHNTHCS B TEUEHHE JICCATKOB JIET.

OTHOCHUTEIBHO BTOPOTO BBIBOJA TOXKE ITO3BOJIHU-
TENbHO YCOMHHThCA. Hac yummu, 4to cam 3TaJOH Ha
9KBaTOpe MpUTAruBaercs 3eMiéil cinabee, yeM Ha IT0-
JIFOCax, ¥ 3TO TaK, TIOCKOJIBKY Ha DKBATOPE UMEET MECTO
MaKCUMaJbHOE 3HAYeHHE IEHTPOOEKHOTO (OTIEHTPO-
6exHoro, BK) yckopenus, qeicTByIOIEro HaBCTpeuy
cuie Tsxectd. Ho eciu Ha 3KBaToOpe 3TajoH «Ipyroiy,
TO «APYTUM» JOJDKHO OBITH Ha SKBaTOpE JI000€ Teo,
UACHTH(HUINPOBAHHOE IIOCPEJICTBOM JTAJIOHA U €ro
yacTei.

Ectp npuemnemoe peueBoe onpeaencHue Macchl:
«...Macca mena — MO CYMMAPHAA MACCA 6CEX €20 Ya-
cmuyy [2, c. 82]. Jlpyrumu cioBaMu, Macca — 3TO KO-
JIMYECTBO MOJIEKYJI B TeJIe, UMEHHO IT03TOMY Ha JF000H
13 TUTaHEeT Macca Tejla He U3MEHHTCS.

XUMUKH UCTIONB3YIOT TEPMUH aTOMHAs Macca Xu-
MHYECKOTO 3JI€MEHTa. DTOT MapaMeTp BBIYHCIICH C TO-
YHOCTBIO /IO YETHIPEX 3HAKOB IIOCTIE 3aISITON HE TOJIBKO
JUI W3BECTHBIX, HO ¥ JJISI IPOTHO3UPYEMBIX 3JIEMEH-
TOB, €r0 OINpENeNeHHE OCYIIECTBISAETCA HE XHMHYE-
CKMMH, a (usnuecknmu mMerogamu. CoBepIIEHHO He-
TIOHSITHO 3a4eM (pr3nKaM NoHa00UIIOCh APYroe ornpe-
JieIeHHe MAaccChl, BKJIAJbIBaTh B HEE COBCEM MHOMU
CMBICIL.
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MBI paccMOTpENIH OCHOBHBIC €IMHMIBI CHCTEMBI
CH. B Heit He HaNIIOCh MECTa TAaKOMY TOHSATHIO KaK
Bec, IS HISHTH()HUKAIIIN KOTOPOTO KakK pa3 u ObLI co-
3maH 3TajoH, xpaHsmuiics B CeBpe u OecrapIoHHO
«3axBadyeHHBIN» Maccoii. Ho B moBceHEBHOM JKU3HH,
a He pajau JM e€ BCE MPUAYMAHO, TEPMHUH «BEC» BPsL
JM MCYE3HET W3 YMOTpeOsieHUus B 0003puMoM Oymy-
meMm. B [1, c. 113] emy gaHo Takoe ompejeleHue:
«Cuny, ¢c Komopoii meno ecneocmeue RPUMANCEHUA
ez0 Kk 3emie Oelicmeyem HA ONOPY UAU HOOBEC,
Ha3zvlgarom eecom menay. Jlanee 1 nymen yoenute-
JIbHOCTU: «Bec mena — smo cuna, npunoxcennan ne K
meny, a K onope uau noogecy... Haoo nomnumep, umo
6ec u cuna majx);cecmu He 00HO U MO Jce: 6eC U Culd
madicecmu 6cez0a RPUIOINCERbl K PAZHLIM MeENam. ..
Teno moocno nodeecumsv Ha HuUmMuU, HA NPOGOTOKE
unu nomecmums na cmon. Ha nums, npoeonoky unu
cmoi dyoem Oeiicmeogams éec mena». Bot xakue pu-
3WKH IIPOHUIIATENbHBIE. JIMpUKY HU 32 YTO HE Joraja-
JICH OBI, YTO, CTOSIIME PSIOM Ha CToJIe, | KI caxapa u
1 ;1 uucroii Boasl mipu 15 © C (cy03TanoH Macchl), UACH-
TUQUIUPYIOTCS Pa3HBIMH €JMHULIAMH HW3MEPEHUS:
nepssiii — H, BTOpoil — Kr. My, ecnu 3TajoH Macchl
MIOZIBECUTH Ha HUTKE, TO MACCa IPEBPATHUTCS B BeC, MO-
ZIyJTb KOTOPOT'O CTaHET Ha MOPsA0K Oombiie, noo P=mg.

B coBpemenHOM yueOHMKE (QU3MKH U 7 Kilacca
BcE Oe3 mepemeH: «Bec — amo cuna, c Komopoi meno
6cnedcmeue 3eMHO20 NPUMANCEHUA Oelicmeyem Ha
onopy unu noodgec, yoepicugaioujue Mo meio om
c60000H020 nadenusn» [5, c. 75]. 3HauuT, STANOH
Macchl Ha oIopy He neiictByet? Beca oH He nmeet?

3aciyKUBalOT, OIHAKO, BHUMAaHHS «IJIaBHbIE
BBIBOABD (C.77).

1. Bec mena — cuna, npunoscennasa K onope uiu
noogecy.

2. Bec nenoosusicnozo unu osudxicywie2oca pas-
HomepHo mena yucienno (MOAYEPKHYTO MHOIO,
B.K.) pasen cune masxcecmu.

3.Bec mena, 0suscyuwiezoca HepagHoOMepHO, MO-
JHcem UIMEHAMbCA U ObIMb H0bULE CUNBL MAICECHIU,
MeHnbuie u 0ajrce pasHuvlm HyIio.

locriona ¢usuku! 51 He coMHeBalOCh, BBI JHOJIU
YMHBIC U TaJIAaHTJIMUBBIC, HO MUIINTE, noncanyﬁCTa, Tak,
9TOOBI ¥ HaM MOHITHO OBLII0, 0COOEHHO MKOIsIpaM. Be-
Tep, ACUCTBYIOUINI Ha OMOPY MocTa (Chia MO CBOEH
CyTH), 3TO ToXe Bec? MOKHO OMopy OOXBAaTHTh TPO-
COM M C NOMOIIBIO0 OyKCHpa NPWIIOKHUTH K HEH CHITY.
OTOXIECTBIATH €€ C BECOM TOXKe HUKaK Helb3st. Co3-
Halo, 9TO HUKOMY M3 (PU3UKOB TaKOE B TOJIOBY HE IPHU-
JIET, OH SICHO OCO3HAET, YTO peYb HUIAET KOHKPETHO O
CHJIE TSDKECTH TeJla, TIPUII0KEHHOH K OIope MM IOA-
Becy. Ho 1. 1 cdopmynupoBan Tak, 4To JOIMyCcKaeT He-
OJTHO3HAYHYIO TPAKTOBKY.

[peTen3uu Toro xe ToJka u K 11. 2. OH Mo3BoJIseT
YTBEpXKIaTh, YTO BEC HETIOABUKHOM MOIBOJHON JIOAKH
Ha CTalesx 6ylleT OJWHAKOBBIM M B CYXOM JIOKC U B
3aTOIJICHHOM BOJIOH (B 000WMX CIy4asx JIOJKa HEIo-
JBIDKHA), 4TO B Oydere moe3za, ABMKYIIEMCSl paBHO-
MEpHO, BaM OTBECST «IIpaBWIbHBIN» HI0TOH KOoNbacH!,
a eciM Moe3 ] MpUOaBMII B CKOPOCTH XOTsI OBl Ha METp,
BBI JIM0O BBIUIpaeTe, JIMOO ocTaHeTech B Hakiane, ¢u-
3UKH 00 3TOM YMaJYMBaIOT.

I1. 3 KOMMEHTHPOBATH TPYTHO BBUAY €TI0 OYECBH-
HOM HeomnpenenaeHHoCcTH. UTO O3Ha4yaeT BbIpakKeHHE
«IBHIKYyIIerocss HepaBHOMepHo»? Kak opmueHTHpO-
BaH BEKTOP CKOPOCTH MO OTHOIICHHIO K BEKTOPY CHIIBI
Tsoxkectr? HammcanHoe B 1. 3 MO3BOMISET MHE JEIATh
TaKWe 3aKII0YCHUS: a) y CaMOJIETa, JETAIIETO TOPU30-
HTAJILHO C MOCTOSTHHOM CKOPOCTBIO BEC PABEH CHUIIC TS-
KeCTH; 0) MPH YBETMICHUU 20PU3OHMATbHOU CKOPOCTH
BEC YMCHBIIACTCS, a IPU 3aME/UICHUH e — YBEIMIHNBA-
ercs. OmnucaHHBIC CUTYAIlH, BO3MOXHO, UMCIOT Me-
CTO, HO TOTJa KaK OBITh C YTBEPKICHHUEM, UTO «...8€C
U cuna maxcecmu yucienno pagul: P=F.

Omo sadxicno!

...Ho onu eecoma paznuunsl, u Hy»3cHO 3anom-
HUMb IMU PA3IUYUA.

Bo-nepeuvix, onu npunoscensl K pazHvim meanam:
cuna maxcecmu K jaexcawiemy uiu noogeuieHHomy
meny (KHUze, WLapuKy), a 6ec RPUNONHCEH K Onope uiu
nooeecy, yoeparcusarouium ¢bluleHa36aHHoe neao om
naoenus (cmoJjiy, Humu).

Bo-emopuix, cuna maxpcecmu ¢ 0AHHOM Mechie
3emnu umeem Ccmpozo onpedenénHoe 3HAYeHUe
F=mg, a éec mena moscem 6vimov He MoAbLKO paseH,
HO 001bULe UL MEHbULE INO20 3HAUEHUA).

Bo-mepBrIxX, goporne TOBapwHIM, S HE BIKY HH-
KaKUX pa3iYiil B «BO-MEPBBIX»: KHUTA JIGKUT Ha
CTOJIe, T.€. OIOpe, MIAPHUK BUCUT HAa HATH — TIOJBECE.

Bo- BTopeIx, F=0, ecim g=0, a 3T0 kKak pa3 TOT
CITydail, KorJia KHUTAa JISKUT Ha CTOJIE, a MapUK BHCUT
Ha HUTU. Berxoaut P = 0, mockonbky P = F (cM. Beiie).

B-tpetbux, ecnmu P = F= mg, To Moayns Beca ce-
BPCKOTO 3TaJiOHA MAacChl JOJKEH OBITh Ha MOPSIOK
6onbire, T.e. 9,8. HemoHATHO, MO KakuM cooOpaxke-
HUSIM I § Bcerza NMpHHUMaeTcs Moxyns 9,8, torma
KaK peaJlbHO B TE€UEHHUE TMEPBON CEKYHbI CBOOOIHOTO
najeHus Tena oH n3Mensercs ot 0 1o 9,8.

He Mory He mpuBecTH pacCcyXIeHHS 0 HEBECOMO-
ct Ha 3emie [5, c. 73]. «llycmum ce0600no nadams
2Py3 C pe3uHKOU U NOHAONIOaeM 34 Pe3UHKOU 80
epems 3mozo nadenus. Ona ne pacmsazusaemcs, m.e.
eec zpy3a npu 3mom paeen uyaw. /JIpyzoiu onvim:
nycmu c60000H0 nadaem KHU2A ¢ AeHCAUUM HA Hell
epy3om. Kak cunvno oasum zpy3 6o epems nadenus
Ha ceoro onopy — knuzy? Hukak! /la on ne moorcem
Ha Heé dagumb, MAK KAK ONOpa cama c600600HO na-
daem, «yCKOnv3aAa» Oom zpy3da, m.e. — ONAMb Hegeco-
Mmocmuy. 1103BONBTE, yBaXKaeMbIC aBTOPHI, C BAMU HE
COTJIACUTCS: TeJIa B COCTOSTHHH HEBECOMOCTH HE yCTpe-
MJISIFOTCS B HAITPABIICHUU T€OMETPUUCSCKOTO IIEHTpa 3e-
MJIH C YCKOpeHHeM 9,8 M/c, a peOBIBAIOT B COCTOSIHUN
0e3pa3IMYHOro paBHOBECHS, T.€. — MapsAT. A rpy3 H pe-
3WHKA, TPY3 W KHUTA B Tpezeic HeOOIbIIOro paccTo-
saud (1 — 1,5 M) magaroT BMecTe, MOCKOJIBKY YCKOpe-
HHE CBOOOJIHOTO MAaJeHMsI HE 3aBUCUT OT MAacChl Tena.
Kpome Toro, ommcanue mepBOro OMbITa HENb3sI MPU3-
HATh KOPPEKTHBIM, HESACHO, KaK B3aWMOJICHCTBOBAIIN
(COOTHOCHITHCB) TPY3 C PE3UHKOM: TPy3 OBLI MOIBEIIICH
Ha PEe3UHKE, MPOCTO BMECTE OMYCKAINCH U T.1.

MosxeT ObITh, (PM3UKOB 3TOT (AKT MaJO BOJHYET,
HO M3MCHCHHE Ha3BaHHS CHMHUIIBI BECa JOJDKHO OBI
OBITh 3aKPEIUICHO IOpUaYecKu. Eciu Obl He BHYK, 5 10
CHX TIOp MPEOBIBAI B MOJHOM HEBEICHUH O TOM, YTO B
MarasuHe MHE BMecTo | Kr konbackl ynakosanu 9,8H.
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[IpocTo yauBHTENBHO, YTO NMPAKTUYHBIE aMEPHKAHIIBI
He MOTpeOOoBaI BO3MEIIEHUST PU3NKaMU MOPAITEHOTO
ymep0a. A, TIaBHOE, KaKas IM0JIb3a OT TAKUX HOBAITHA?
Becpma 3aHATHO, Kak BBITVISSAUT 3TajdoH Beca — 9,8
Kr*m/c?,

4. YCKOPEHUE IIPU PABHOMEPHOM
JABMXXEHUWU TEJIA 110 OKPYXHOCTU

IIpu3natochk, s ucnbITad JErKUN MIOK, YBUAEB 3TOT
3aroJioBoK B [1, C. 64], NpUBBIK CUUTATh HECOBMECTH-
MBIMU MOHATHSMM YCKOPEHHE U PAaBHOMEPHOE JBIKE-
HHe, IyCTh Jaxke Mo OKpyxkHocTH. Ho caMbIM HeoXxu-
JTaHHBIM OKa3aJIoCh TO, uTo «IIpu pasnomepnom Oeu-
HCEHUU Mela O OKPYHCHOCIU YCKOpeHue 6 110001 eé
mouKe nepneHoOuKyIAPHO CKOPOCIMU U HANPABIEHO K
yenmpy okpyscrnocmuy. OCMENIOCh HATOMHHUTD, YTO
YCKOpEHHE €CTh U3MEHEHHE CKOPOCTHU CO 3HAKOM + TN
—. Bripouem, cTonno 661 Ha3bIBaTh BEIIM CBOMMH HMeE-
HaMU: yBEIHYECHUE MOAYJISI CKOPOCTH — YCKOpPeHHeM,
a yMeHbIlIeHHe — 3aMeieHueM. OTHaKO BEKTOPBI CKO-
POCTH M YCKOpPEHMS JOJDKHBI COBHAJaTh, a HE pac-
nojaraThcs MOJ YIJIoM Ipyr K apyry. Ha puc. 67 [1,
€.66] BEKTOp YCKOpEHHUS MEpPIEHAUKYIAPEH BEKTOPY
CKOPOCTH M HallpaBJIeH K LIEHTPY OKpYXHOCTH. Eciu
3TO TaK Ha caMoM JeJie, TO IIapuK, Pa3MEIEHHBIN Ha
CIHIIE KOJIeca CO CIOCOOHOCTHIO0 CBOOOIHOTO MepemMe-
IIEHUS MEXIY CTYIHIEH 1 000/10M, TIPH BPaIIeHUH KO-
jeca JOJDKEH IIEePEeMECTHThCS K crymune. Kakabli,
XOTh HEMHOTO MCKYIIEHHBIH B MEXaHHKE, YKaKeT Ha
MIPOTUBOMOJIOKHBIA pe3ynbTar. U emé oquH BakHbII
MOMEHT: BEKTOP CKOPOCTH H300pa)kaeTcsi OTPE3KOM,
KacaTeJIbHBIM K OKPY>KHOCTH M HOPMaJbHBIM K €€ pa-
JIUYCy B 3TOH Touke. Jlymaercs, 3To onriOoYHOe pes-
CTaBJICHHE: BEKTOP CKOPOCTH NPH PAaBHOMEPHOM JIBH-
JKeHWHU TeJla TI0 OKPY)KHOCTH €CTh camMa OKPY)KHOCTb,
OINUCHIBaEMast TEJIOM, @ MOJyIIH BekTopa = 27R 1 V.

B Tom ke uctounuke [1, C. 66] untaem: «Aoco.io-
mHoe 3Hauenue ycKopenus mena (MamepuaibHoil
MOuKW), PAGHOMEPHO OBUMNCYULESOCA NO OKPYIHCHO-
CHu, PAgHO NPOU3EEOEHUIO €20 IUHENHOT CKOpocmu
Ha y2/108y10 CKOPOCHb 8PAUEHUSA PAOUYCA, NPOBEOEH-
H020 K mesyy. JIIOOONBITHO, KAKYI0 Pa3MEPHOCTb MO-
JKeT MMETh YCKOpPEHHE NpH yMHOXEHHHM M/C Ha pa-
auan/c? O Takoil pa3MepHOCTH YCKOPEHHMS CIBIIIATh
HE JIOBOAMIIOCH.

B ucrounuke [1, | Ha c. 67, ynTaeM BbIIEIEHHOE
XUpHBIM mpudpToM: «IIpu pasnomepnom osuricenuu
RO OKPYHCHOCHIU M0 0BUNCEM CA C YCKOPEHUEM, KO-
mopoe Hanpageno no paouycy K yeHmpy OKpyHcHo-
cmu... ...paouyc KOomopou I onpeodenaemcs opmy-
aoi r = V?[aJy. KoMMeHTapuu W3JIMIIHH, TOTOBOPH-
mucek! Paguyc Bpamiaromerocst kojueca 3aBUCHT, BUTUTE
JI1, OT CKOPOCTH, a OHA, B CBOIO OYEpe]b, OT yCKOpe-
HUSL.

B ucrounuke [2, c. 58—64], HanoMHI0, U3TAHHOM
19 ner cmycTs, CyleCTBEHHBIX HOBAIMA HE YCTAHOB-
JICHO, a HECYIIECTBEHHBIE — 3aCIYXHBAIOT KPUTHUE-
CKOTO pa3dopa U OCMBICIICHHUS.

[IpencraBnsercs MHTEPECHBIM OOpAaTUTh BHHUMA-
HHE Ha OJIMH M3 IJIABHBIX BBIBOJOB 110 naparpady 15
[2, c. 61]. «Kpueonuneiinoe osusicenue ¢ nocmosan-
HOIl O MOOYJI0 TUHEHHOI CKOPOCMbIO He ABIACHCA
PagHomepHbIM». A paBHOMEpPHOE BIKEHUE Tela IO
OoKpyxHOCTH [1, C. 64] He sIBiIsIeTCS KPUBOJIUHEHHBIM?

C Kako# 1EJBI0 U IS KOTO CAEIAH dTOT BBIBOJ 1A €118
o1 pyOpuKo#l rjiaBHble BbIBOABI? ['1e Ha 3eMiie U B
OMIKHEM KOcMOCe BBl HaiiéTe HE KPHBOJIMHEHHOE
JBIDKEHHE U TOYEMY TeJIO, ABIKYIIEECs C TIOCTOSHHON
110 MOZYJIIO JIMHEHHOM CKOPOCTBIO, HE SIBJISIETCS] PABHO-
MEpPHBIM II0 TOMY € MOJIYITI0?

51 ObLT TIy0OKO YOSKIEH, YTO CKOPOCTH, YCKOpE-
HHE U CHJIa €CTh BEKTOPHBIE CyOCTaHIUH, T.€. OHH 00-
JIaaf0T HampaBJIeHUEM M KOJWYECTBEHHOH Mepoid,
MOSTOMY TPEICTABISIOTCS HEYMECTHBIMU BBIBOJIBI
thna: «Tak KaK ycKkopenue — 6e1uduna 6eKmophas, a
8bI3b16AEMCA OHO CUNOIL, NPUTIONHCEHHOU K mely, mo
u cuna éenuyuna éekmopuaay [ 1, c.85]. Cuna mo npu-
polle CBOEH ecTh BEeIMYMHA BEKTOpHAs M 0e3 CBS3H C
YCKOpEHHEM

Ha c.87 [1] gutaem: «Illenmpocmpemumensnoe
YCKOpeHUue no adcoatomHoMmy 3HAUeHUI PAGHO, KAK
mbt 3naem, [a] = @2 r, 20e @ — yznoeas ckopocms épa-
wienua mawunvl. Himepue y2nogyio ckopocms @ u
paouyc r, mbl HAUOEM MO0Yb yckopenus [a]». Uc-
KPEHHE KCJIa€M YCIICXO0B, HO KCIIaHUAM BpsJ JIU CYXK-
JICHO CBEPLIMTHCS: HE CYIIECTBYET LEHTPOOEKHOTrO
(LIEHTPOCTPEMUTENBHOI0) YCKOPEHHs MPU JBIKEHHU
TeJla TI0 OKPYKHOCTH C TOCTOSHHOM IT0 MOJIYITIO CKO-
POCTBIO M TIPH HAIMYIHH >KECTKOU CBSI3H C OCBIO Bpalle-
HUSI, a eCJIH OHO (YCKOpPEHHE) HMEET MECTO, TO €T0 pa3-
MepHOCTh paaZ/c>*M Mo CylIeCcTBYIOIUM MpPeCTaBIIe-
HUSM WK paja/c*M B MOEM IMOHUMAaHUH HE MOATAETCs
pasyMHOMY BocCTpuATHIO. Jlajee, UMCHHUTBIE aBTOPHI
HCTOYHHUKA [1] mpemaraioT yepe3 yrioByl0 CKOPOCTh
U painyC HaliTU MOAYJIb YCKOPEHUS, YIIyCTUB U3 BUJA,
YTO YCKOPEHHE XapaKTepH3yeTcsi HE TOJIBKO MOJIYJIEM,
a ¥ HalpaBJICHUEM.

Opnako B uctouHuke [1] umeer mecto maparpad
20, a B ucrouynuke [2] — maparpad 16, umeHyemble co-
OTBETCTBEHHO «Y CKOpEHHE IIPH paBHOMEPHOM JIBIKE-
HUY TeJa 10 OKPYKHOCTH» U «Y CKOPCHHE TIPH JIBHKE-
HUU TeJa M0 OKPY)KHOCTH C TIOCTOSHHON IO MOJYITIO
CKOPOCTBIO», UTO IO CYTH OJHO M TO *e. Pa3Hble aB-
TOPBI C 3aBUJHOI HACTOHYHUBOCTHIO YOSIKIAIOT B HAJIH-
YHH YCKOPEHHS B JMHAMUYHBIX CHCTEMaX, TJE 110 31pa-
BOMY PacCyXJIE€HUIO eT0 OBbITh HE JJOJHKHO, MUILTUAP/IBI
oOyyaromuxcs 00s13aHbI ITOMY TOBEPUTH U YCBOUTH.
Panu vero u anst yero? UtoObl yOeAUTHCS B CrpaBei-
JIMBOCTH CKa3aHHOT0, 00paTHMCsI B KOTOPBIH pa3 K na-
parpady 20 [1, c¢.65] u mpoaHamuzupyeM XOJ pas-
MBIIIJICHUH aBTOpOB y4yeOHWKA. «Yckopenue, Kak
uzgecmuo, onpedensiemcs no gopmyne: a =V — Volt,
20e o CKOpocmy mena 6 HeKOMopblii HAYAIbHbLIL MO-
MeHm épeMeHuU, a N e20 CKOpOCmb 4epe3 npomedtcy-
mox epemenu t. Usmenenue ckopocmu N — Vo 01 Kpa-
mkocmu o603nauum AV...Tozoa a = Av/ t». A na npen-
TOCTIeTHEH CTpOKe CTpaHuIbl V = Vo= V. A eciam V = Vo
, To 1 AV pasHo 0.

WHas no pe3ynbrary, CUTyalus UMEET MECTO B
ComneuHoli cucteme. Ha mmaHeTsI, Bpaniaromuecs Bo-
kpyr CoJHIIA [0 AIUIMIITHYECKUM OpOUTaM B COOTBET-
CTBUU ¢ 3akoHamu Keruiepa, neiictByeT cuna B Hampa-
Bienun 1ienTpa Connna. CoiHie, B CBOIO OYepe/ib, UC-
TIBITHIBAET ITPOTHBOJCHCTBHE CO CTOPOHBI IJIAHET, HO B
nape CoJHIle — IUIaHeTa WM IUIaHeTa — CITyTHUK, IPo-
THBOJICHCTBUE, YBbI, HE PaBHO JICHCTBHIO, IIOCKOJIBKY
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Macca Comaia B 770 pa3 Gombliie Macchl IJIaHET BMe-
cte B3ATHIX [ 7, ¢.44]. TIocKOIbKY Kaxaas 13 IIaHeT hC-
TBITHIBACT MPHUTSHKEHUE B HampasieHu neHrpa Coin-
HIIa, TUTAHETHBIE OPOUTHI alpHOPH OJKHBI TIPEICTaB-
JSITh CO00M HE BIUTUIICHL, a IUTUNTHYECKHUE CIHPAIH.
OTO 3HAYUT, PAHO WIIM MO3IHO, MIAHETHI «yIaIyT» Ha
CouHIle HEeTUKOM WK Oyly4H pa3pyLIeHHBIMH Ha Ipe-
nene Poma. Hu ubst Bong ¥ HUKakue CUJIBI HE CMOTYT
nomemats 3ToMmy. CoNHIIe TOPOIUIIO IJIaHETHI [8], OHO
ke ux ¥ 3a0epér. Ho mpexne Toro, miaHeThl TOKHBI
MOMJIOTUTh CBOM CIIyTHHMKH. Uepe3 Kakoe-TO, BecbMa
MPOJOJKUTENBHOE, BpeMsl 3eMiIs COAPOTHETCH, a, BO-
3MO’KHO, packoJieTcs oT yaapa JlyHsl. He Bonnyiitecs,
3eMJIst K 3TOMY BpeMeHH OyneT O0e3KU3HeHHOH 1miane-
Toi [§8]. Mexxay Tem, B TUTEparype 1Mo acCTPOHOMHUH U
IUIAHETOIOTHM OBITYyeT MHEHHE, 9YTO, B CBS3H C
YMEHBIICHNEM MOMEHTA KOJIMUYECTBA ABHKCHUS y CHC-
Tembl 3emist — JlyHa, mocneaHsAs HEOTBPATUMO OTXO-
qut ot 3emiu. Ho 3Ta Touka 3peHnss HaxouTCs B PO-
TUBOPEUNH C TNPEJCTABICHUSAMU O JICHCTBUU Ha ILIa-
HeTbI W CIOYTHUKM CHJI TATOTCHMSA: IUIAHETHI
NPUTATHBAIOT K ceOe cryTHUKH, COJTHIIE — T€ U JpyTHe.

5 OCHOBHBIE 3AKOHBI MEXAHHWKU
(BAKOHbBI HBIOTOHA)

[Ipexxne 4em HauMHATH PasrOBOP IO CYMLIECTBY,
JKEIIATENIbHO ONPENECIUTHCS OTHOCHTENIBHO CYITHOCTH
HnoHATUA «3aKoH». B M0oéM co3HaHuM OHO (TIOHATHE)
MPE/ICTABICHO JABYMS TPYINaMH: 3aKOHBI OOBEKTHB-
HBIE (3aKOHBI MPUPOMBI); 3aKOHBI CYOBEKTHBHEIE (CO-
I[HAJIBHO — SKOHOMUYECKHe). 3aKOHBI IEPBOI IPYIIIEI
CYIIECTBYIOT HE3aBHCHUMO OT BOJIM M CO3HAHUS Ueo-
BEKa, HO B Psijie CIIydaeB IOCTUTaeMbl UM U CTAaHOBSATCS
siBb10. VIMM OIMCHIBAaeTCs B3aMMOJICHCTBHE, B3aUMOC-
BA3b U B3aMMOOOYCIIOBIEHHOCTh 3aKOHOMEPHOCTEH,
SABJICHUA W CBOWCTB MaTepHAIBHOTO MHpA. 3aKOHBI
BTOPOH TPYNITEI PErTIaMEHTUPYIOT TIOBEICHHUE JIIOJEH B
o0IIeCTBE WM OTPa)karoT Pe3yJIbTaThl AEATEIHHOCTH
obmmecTBa (3aKOHBI 3KOHOMHYEcKHe). HenmpemeHHbIM
TpeOOBaHMEM K JIFOOBIM 3aKOHAM SIBIIIETCS UX peauc-
muynocms. B npuHInmne, MO>XXHO M3aTh 3aKOH, IpeJi-
MHICBHIBAIOIINI  TOOPOIIOPSIOYHBIM TIPUX0XKAaHAM  T10
cy0060TaM XOIUTh B IIEPKOBb, & HEYECTHBIIAM — B a/l.
Wnu mpumep BBINOIHEHUS YCIIOBHS: BBl MOXETE IO-
1acTh B pail, eciiu HalAETe JIECTHUILY, JOCTAIOULYIO JI0
HeOec. Mo CIIOBOM3NHSAHUS MHOTHM, IPOYUTABIINM
UX, MOKAXYTCS 10 MUHUMYMY CTPaHHBIMH, IOZOOHEIE
YyBCTBa OOYpEBAIOT W MEHS NPH aHalM3€ 3aKOHOB
HeroroHa.

KopoTko 0 MOpanbHO — AITUYECKOM aclEKTe HbIO-
ToHHMAHCTBAa. M3apeBne B yduy€éHOM MHUpE MPUHSTO
CCBUIATBCSI HA MPEAUIECTBEHHUKOB, 3aHMMAaBIIMXCS
yriryOsieMoit mpo0IeMoi: UTO ClIeNIaHo JI0 MEHs, Ka-
KOB MOW JIMYHBIA BKJIaJ, B 4€M COCTOST pa3jiudus B
OIIEHKE M3Yy4aeMOoro SBICHHS, HHTepIpeTanuu HaKkTu-
YEeCKOro MaTepuaia u T. [I.

B mxoe MHE BHYIITIIIN, YTO OCHOBOIIOJIATAOIIHE
3aKOHBI MEXaHUKH M 36MHOH M HEOECHOH OTKPHITH U
MaTeMaTHYECKH BepHU(UIMPOBaHBl JNYHO Vcaakom
Hetoronom. CoBceM HeIaBHO MPUILIOCH Y3HATb, YTO
9TO He Tak. Briepenu cTosT Takue Mory4ne Gurypsl Kak
Apuctorenb, Hukonaii Konepuuk, 'anuneo [Manueit,
Kerutep, nmozagu — lanambep u Jlamnac, psiiom Haxo-
JUIINCH TOXKE HE MOCIEeHUE aBTOPUTETHI B MEXaHUKE U

marematuke. Bripouem, cam HproTOH IOBOJIBHO CKpO-
MHO OIICHHBAJI CBOIO POJIb M BKJIAJl B MEXaHUKY. boib-
m1ast 9acTh ero TpyAoB (20 MITH CITOB) OCBSIIICHA BOII-
pocaM TEOJIOTHH W TOTIOJNIOTHH, T.€ TIOMCKaM MECTOIIO-
moxkeHuss ama [6, c.14]. CraHOBUTCS, KaxeTcs,
MTOHATHON YANBUTEIIbHAS HACTOMYHUBOCTH MEXaHUKOB B
moucKax (ONpeeICHIH) MECTa MOJIOKCHHUS TeJa B JII0-
00l MOMCHT BPEMCHH.

5.1 IEPBBIN «3AKOH» HBIOTOHA

Io [1, c. 73 — 74] «Cymecmeyrom maxue cuc-
memul OMCYEMA, OMHOCUMENLHO KOMOPHIX NOCHLY-
namenvHO 08UNCYWUECA MeNa COXPAHAIOM CE0I0
CKOpOCHb ROCMOAHHOIL, eClU HA HUX He 0elicmEyom
opyzue mena uau oeiicmeue Opy2ux men KOMneHcu-
pyemcay.

«Cucmempt omcuéma, OmMHOCUMENbHO KO-
mMopbIX meno npu KOMREHCAUUU 6HEUHUX 603-
Oelicmeuil  08UNCEMCA PAGHOMEPDHO U RPAMOIU-
HellHO, HA3blEAION UHEPUUATLHBIMU CUCHIEMAMU
omcuémay.

Io [2, c. 74 — 78] «Cymecmeyrom maxue cuc-
memul omcuéma, Ha3vléaemvle UHEPUUATLHBIMU, ONl-
HOCUMENbHO KOMOPBIX NOCMYNAMENbHO O0BUMCYUle-
ecs mejno coxpanaem ce0r CKOPOCHIb NOCHOAHHOI
(unu noxoumcs), eciu Ha He20 He OelcmEyIom Opy-
2ue mena (unu oeiicmeue Opy2ux mein CKOMHEHCUPo-
8ano)»

B npenenax ConHeuHOUM cHCTEMBI HET IPSIMOJIH-
HEIHOTO PaBHOMEPHOTO MABIKCHHUS, CIICAOBATEIHHO,
HET UHEPIHATbHBIX CHCTEM OTCYETa, HO (DU3MATHI [TOC-
TapaJuch U HAIUIK UX Ha moftocax 3emuu [1, c. 110].
«Ha nogepxnocmu 3emau unepyuaivbHoll cucmemoil
OMCUéma MoZym Ciydcums CUCHEMbl Omcuémada, c6s-
3aHHble ¢ nocamu 3emau He npUHUMAalOWUe yuac-
mus 6 eé cymounom epawjenuu. Bece ocmansvnvie mo-
YKU 3eMHOI NOGEPXHOCHU OBUNCYMICA NO OKPYHCHO-
CHAM C YEeHMPOCMPEMUMEeabHbIMU YCKOPEHUAMU, U
cucmemosl Omcuéma, ceéA3aHHble C IMUMU MOUKAMU,
Heunepyuanvhsl. /Ina nux 3axkon Horomona nenpu-
menumy. Kax takoe npukaxere nonumats? HproToH
CO3J1aJT CBOM TeHHATBHBIC 3aKOHBI [UIS IBYX TOYEK 3EM-
HOI moBepxHOCTH? CTOWT JIM TPATHTH CTOJIBKO Bpe-
MEHU Ha UX 3y4yeHue?

5.2 BTOPOH «3AKOH» HBIOTOHA

ITo [1, c.88] «Cuna, oeiicmeyrowan na meno, pa-
6HA NPOU3GEOCHUI0 MACCHl meNd HA coodujaemoe
ImMoul cunoil yckopenue». MaremaTuuecku BTOpOH 3a-
koH HproToHa BeIpakaercst opmynoi: F = ma». A
€CITI TIPWIOKECHHAs CHJIa HE B COCTOSHHH CIBHHYTH
TEJIO C MECTa, 3HAYHT, a PaBHO HYJIO U F Toxxe paBHa
HYJTIO, TIOYeMY — OOBSCHATH HE HYKHO.

5.3. TPETUI 3AKOH HBIOTOHA

IMo [1, c. 94 — 96] «Tena oeticmeyrom Opyza na
opyza ¢ cunamu, HAnNPAaeieHHLIMU 600]1b 0OHOU U
Mol dce NPAMOIL, PAGHBIMU NO AOCOTIOMHOMY 3HAUe-
HUI0 U RPOMUGONONOHCHBIMU NO HANPABTIEHUION.

1. ITo [2, ¢c. 93 — 96] «Cunawt, ¢ kKomopvimu 0sa
mena Oeiicmeyiom Opyz Ha Opyza, 0OHOU HPUpoobl,
PABHbBL N0 MOOYJII0, RDOMUGONOTIOMHCHBL NO HANPAGIie-
HUI0 U HANPABJIEHBL 80016 OOHOI NPAMOIL).
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2. «Cunvl 63aumoodeiicmeus 08yx mesi pagHvl Ho
eenuyune, NPOMUBONOI0HCHO HANPABIEHbL U NPUTIO-
JHCEHbL K PA3HBIM Menamy.

Jenath mosiCHEHUS HET Pe30Ha, ITOCKOJBKY BCE
TpH 3aKOHA MOTYT MPOSBUTE ce0sI B WHEPIIAIBHBIX CH-
cTeMax oTcuéra, TO ecTh Ha momocax 3emin. Je ¢a-
K10, TpeTuii 3aK0H NOCTyIUPYET IOKOU: IEHCTBUE pa-
BHO NIPOTUBOJCICTBUIO U BCE OCTAETCA HA MECTE.

6. CKOJIbKO BECHUT 3EMJIA?

Bormpoc npeacraBnseTcsi A0BOJIBHO CIOXKHBIM, Ha
BECHI €€ He B3TPOMO3/HUIIIb, HO MAacCy 3eMIH «MOMCHO
eLIYUCAUMY, NOABL3YACL (POPMYNON ONA YCKOpeHUusA
600001020 nadenun:

g = G*M/R?,

Omcioda 0na eenuyunvl maccvl 3emau nony-
yaem:

M =g*R%G.

Yucnennsie 3navenusn 4 u G 6vi1u 6 c60é epems
onpedenenvt onvimnvim nymém: G = 6,67*1071
H*wY,ug=298m/c

Cpeonuit paduyc 3emnu moiice xXopouio useec-
men:

R =6370 km = 6,37*10° m.

Iloocmasue yucnennsvie 3nauenun 9, R u G ¢ ¢gho-
pmyny ona M nonyuaem:

9.82 m/c?(6,37*10 8m)?

M =
c.114].

6,67*10™1 H*m%/x2?

IIpomy oOpaTuTh BHUMaHWE Ha 3HAMEHATElb,
MPEeJCTaBIIOMUI co00l HEe 4TO MHOE, KaK I'paBHTa-
IIHOHHYIO NMOCTOsIHHYI0. CieyeT oOpaTUTh BHUMaHHUE
¥ Ha TO, YTO PE3yJbTaT MOJy4YeH MyTEM COBEPIICHUS
apu(METHYSCKUX ACHCTBHUI HAJl TPEMSI IOCTOSHHBIMU:
0, R, G. U3 Hux nepBbie ABE COMHEHUII HE BHI3BIBAIOT,
4ero Helb3s CKa3aTh O TpeTheil. COMHEHUST OCHOBAHEI
Ha Pa3HBIX crocoOax ompeneneHus G, MOYSPITHYTHIX
U3 pasHBIX UCTOUYHUKOB. OmuH U3 crnocobos (mo [1])
ommcan Bhime. [lo wcrounuky [2] G BBUHCICHO
anrmiicknM prsukom Kapenaumem B 1798 rony, ciy-
cts 71! ron nmocne cmeptu Hetorona. Ha xakom ocHo-
BaHUH, CIIPAIIMBAETCS, TPABUTAIMOHHAS COCTAaBJISIO-
mas Gurypupyer B GopMyne CHIbI BCEMHPHOTO TATO-
tenus? Krto BBenm e€ Tyda W HACKOJBKO OTO
[IO3BOJIUTEIBHO C FOPUIUYECKON, MOPaAJIbHON U ATHYe-
CKOH TOuek 3peHus? Tak MOXHO JOHTH IO TOTO, 4TO
KOMY-TO B3JlyMaeTcs 10pPUCOBATh €I€ OJJHOrO MeJIBE IS
B 3HaMeHUTOM KapTuHe llnmkuna «YTpo B COCHOBOM
Jecy».

HaBogut Ha pasmblllUleHUs U pa3MEpPHOCTh 3HA-
MeHaress: MY/kr*c?. boibHO yxk oHa ctpanHas. Ho ria-
BHasl MPUYMHA COMHEHUHN B €€ COCTOSTENIbHOCTH HE B
pa3sMEepHOCTH, a B TOM, YTO OHA 3alIPOCTO YBEINIHBAET
maccy 3emid Ha 10MKr, TO ecTh, 4yTh 1M He BiBOE. A
Beab Ha ¢.108 [1] Hac yoexmaroT B Tom, uto F = G, a
510 3HaunT | Kr?/M2.

[I10THOCTP 3€MHOTO BeIIeCTBA OIperesicHa
myTéM JeJIeHNs Macchl 3eMJIH Ha 00BEM U COCTaBIIAET
10 TaGIMYHBIM JaHHEIM 5,52 r/em? [3, ¢.9]. Pacnpene-
JIeHUE 3HaY€HUH MIIOTHOCTH 110 PAJUyCy OT IOBEPXHO-
CTH K ICHTPY BBINJITUT CIIEAYOUMM 00pazom [3, ¢c.6—
7]:

= 6*10% ko». [1,

HWnrepsan [LnoTHOCTH, T/cM3,

0—-15km 2,75
15-500 kM ———-3,56
500 — 2888 xM ——-——4,81
2888 — 4600 km —-—11,10
4600 — 5200 kM —--—-—-12,11
5200 - 6370 kM ——--—12,37

CpenHss mioTHOCTH B uHTepBane 0 — 2888 kM, To
€CTh OT OBEPXHOCTH J0 IPAaHMIIBI )KUIKOTO BHELIIHETO
aznpa coctasiuser 3,70 r/cmS. Dra nudpa OGnuska K 3Ha-
YEHUSIM IIJIOTHOCTH M3BECTHBIX TOPHBIX IOPOJ M Me-
TEOPHUTOB, CPEJHUM COCTaB KOTOPBIX COMOCTAaBUM CO
CPEIHUM COCTaBOM 3eMJIH B LienoM. IIporHosHas cpen-
HAS IJIOTHOCTH szpa coctanset 11,86 r/cm®. Tlopoast
CO CTOJIb BBICOKOI! INTOTHOCTBIO B Tpeeax OIMKHETO
KOCMOCa HE H3BECTHBI. /3 OCHOBHBIX IapaMeTpoB
3emui Hanboee JOCTOBEPHBIMH CIIEAYET CUUTATH JIH-
HEWHBIE pa3Mepbl U 00bEM, YTO KacaeTcss Macchl, TO
OHa sIBHO 3aBbIlIeHa. M He Tonbko 3a cuét G. CornacHo
HUCTOYHHUKY [3], YCKOpPEHHE CHIIBI TSKECTH «J» B IICH-
Tpe 3eMJIM paBHO HYIIIO, a Ha moBepxHOCTH — 9,8. Cre-
JIOBaTeNIbHO, B pacdyérax I 3eMiIM B LEJIOM HYXKHO
HCIIOB30BaTh XOTs ObI cpenHee 3HaueHue — 4,9.

B cBs13u cO cKa3aHHBIM BBIIIIE, TBEPIO YCTOSIBILH-
€csl ¥ BCEMH pasJesieMble MPEICTaBICHNS O MaKCH-
MaJIbHOH IUTOTHOCTH BEIECTBA B SApe 3eMIIH JINIICHBI
TIPUEMIIEMOH apTyMEHTaIH. A TOJDKHO JIU OBITH SIAPO
3emun, ga U r000# APYrod IJIAHETH, CAaMBIM ITLIOT-
HeM? Ecnu 3emis u JIyHa 00pa3zoBamich B OTHO U TO
e BpeMs B OZJHOM KOJIbIIE TUIaHETe3UMaleil, TO Ha UX
00pa3oBaHue, OYEBU/IHO, MENT OMHAKOBBIA MaTepHall.
JIOrM4YHO JOIYCTUTb, YTO BELIECTBO BHYTPEHHEH YacTH
3eman A0 pa3mepoB JIyHBI MMeeT Takylo ke IUIOT-
HOCTb, 4TO U nocieansisi. Ho cpensist moTHocTs JIyHbI
Bcero numpb 3,35 r/cm®. Bnmskas mmotHocTs (3,97
r/cm®) u'y Mapca, koTopblif, kak 1 JIyHy, MOXHO pa3-
MECTUTh B TIpeJesiax 3eMHOro sapa. XOTs CpeaHss
wioTHOCT, Mepkypus (5,62 r/cM®) comoctaBuMa co
cpenneil muorHocThI0 3emiu (5,52 r/cM®), HO 1 OHA B
JIBa pa3a HIKE MpEeAIoaraeMol MIIOTHOCTH 36MHOTO
sapa. He nckinoueHo, 4To mioTHOCTs MepKypHs TOXe
3aBplnieHa. Ho Koraa s mojenusicst CBOMMHA COMHEHH-
SMH CO 3HAKOMBIM Teo(H3MKOM B paHre KaHAMIaTa
HayK, OH IOCOBETOBAJ CXOJIUTh K IICHXHATPYy, IO-
CKOJIBKY B JOCTOBEPHOCTH OIPEEIICHUS MacChl 3eMIIH
HHUKTO HE COMHEBAETCS: JICTAIOT CIyTHHKH, KOCMHYE-
CKHE YEITHOKH, PACCUNUTAHBI TPAEKTOPUH OaJUIHCTHYE-
CKHX paKeT u T.JI. Bpone ObI BcE BEpHO, 0JTHAKO COMHe-
HUSI OCTaJTUCh.

MBpI npuBBIKIN OE30TIISITHO BEPUTH aBTOPUTETaM
1 HE B COCTOSIHUM ITOPOI OTOMTH OT JIOTM, Jla’ke KOoTaa
OHHU HaXOJATCS B SIBHOM HPOTHUBOPEYMH C (haKTaMHU.
370 0COOEHHO KacaeTcsl, B YaCTHOCTH, T€OJIOTHH U TIa-
Hetonornu. OIHO 3asBJIEHHE O TOM, YTO SAPO 3eMIH U
3emMis B IIEJIOM MOTYT MMETh Oojiee HHM3KYIO IUIOT-
HOCTb, HEPEJIKO PUBOAUT K ITPEKPALIECHHIO TUCKYCCHU
Ha 3Ty TeMy ¢ OOBHHEHHEM aBTOpa B HEKOMIETEHTHO-
ctu. Ho B pacriopspkeHHH yUeHbBIX €CTh METEOPHTHI, U3
KOTOPBIX TPEIIONOKUTENBHO 00pa3oBaiach 3eMilsl, U
apyrue oobexTsl CostHeuHO# cuctemsl. Mexons u3 co-
CTaBa U IUIOTHOCTH METEOPUTOB, PACCUMTAEM THIIOTE-
THYECKYIO CPEIHIOI0 TUIOTHOCTD IJIAHEThI 3eMUIIS.

Ha nomo kaMeHHBIX METEOPHUTOB, C INIOTHOCTHIO
npumepno 3,5 r/cm3, npuxopures 92,8% ot obuiero
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qucia majaeHui. Jons xxene3Hsix MeTeopuToB — 5,7%,
JKenme30KaMeHHBIX — 1,5%. OKpyriauB KOIUYEeCTBO Ka-
MEHHBIX METEOPHUTOB 10 93%, JKENE3HBIX — C yIETOM
METAINIMYECKON COCTABIISIOILEH JKEIe30KaMEHHOM pa3-
HOBHUIHOCTH 110 7% W, IPUHAB ITIOTHOCTh METaJUIHNYe-
CKOIf KOMIOHEHTHI paBHOH 8 r/cm® (ILIOTHOCTH Kenesa
Y HUKEJIS), BEBIYUCITUM TUNIOTHOCTH KOMIUIEKTApPHOTO CO-
crasa: p= (3,5%93+8%7)/100=3,825 r/cm>.

[Monyuennas nudpa BecbMa OiM3Ka K CpeaHeit
mwiotHoctd Mapca. Her ocHOBaHuil cuMTaTh, YTO Ha
o0pa3oBaHKe 3eMIIH TOIIEN OOraThlid JKEJIE30M Mate-
pHal, MocKoIbKy y 6osee 6imskoii k Conaiy Benepst
CpeIHssI IUIOTHOCTD XOTh ¥ HE HAMHOTO, HO HIDKE, YeM
y 3emun.

Ha ocHOBaHNY U31I0’KEHHBIX BBIIIE COOOpasKEHHH,
CpeIHss TUIOTHOCTh 3€MIIM U APYTUX IUIaHET 3eMHOI
rpymmsl — Mepkypus u BeHepsl — npencrasinseTcs 3a-
BEIMICHHON. ECiM ¢ 3THM HOBOIOM HE COTJIACUTHCA,
cleqyeT IONMyCTUTh, YTO Ha MX 0Opa3oBaHME TOIIET
MaTepHaj OTIMYHBINA OT METeOpUTHOro. YTo KacaeTcs
MHHEPAILHOTO COCTaBa METEOPHUTOB, TO B HUX MPE00-
JAJal0T OJMBUH M TMHUPOKCEH, IJIOTHOCTH KOTOPBIX
paBHa cooTBeTcTBeHHO 3,12-4,35 u 3,10-3,60 r/cm®.
IToBbiuienue gasnenus no 1500 mIla npuBogut k yBe-
JUYEHUIO IJIOTHOCTH onMBMHA Ha 2-3%, a y nu-
pOKCeHa M TOro MeHbIle. [Ipu IIaBIeHUH MOPUCTHIX
TIOPOJ] U MAHEPAJIOB INIOTHOCTH YBEITHMIUBACTCS HE3HA-
YUTETHHO, a MOJKET Ja)Ke YMEHBIIIUTHCS MPH TOTIIOMIe-
HUH Ta30BBIX KOMITIOHEHTOB. CuuTaercs (pakToM, UTO
JIyHHasi KOpa MOIIHOCTBIO B cpeaHeM 60 kM oOpazoBa-
Jlach B pe3ysbTaTe KPUCTAIN3AMY CHIIMKAaTHOTO pac-
IUIaBa, a IUIOTHOCTh JYHHBIX aHOPTO3UTOB IMOYTH Ta
JKe, UTO Y 3€MHBIX aHAJIOTOB.

ITo mocnegnum nanHeiM [4], B ConHewHO# cH-
cremMe uMmeeTcss 57 cmyTHUKOB. X pasmepbl Komeo-
motcs ot 7 kM (Meiimoc) 10 2631 km (I'anumen). Ye-
ThIpe ciyTHuKa — Mo, 'anumen, Kannucro, Tputon —
HUMEIOT PaJiyChl OOJBIINE, YeM Y IUTaHeThl MepKypHit.
[InoTHOCTH Xe ciyTHUKOB Konebnercs ot 0,8 (XapoH)
10 3,57 r/em® (Ho). [IpeobnamaroT B ceMeHCTBE CITyT-
HUKOB 3HauYeHus mwiotHoctu 1,21-1,94 r/cm®, npuuem
SIBHO MPOCJICKUBACTCS TCHICHIIMS YBEIMYCHHUS TUIOT-
HOCTHU C yBeJudeHueM paauyca. Y mianet ColHedHOH
CHCTEMBI 3Ta TEHICHIHMS 3aByalHpOBaHA HAJIHMYUEM
Pa3HBIX [0 MOIHOCTH aTMOChep.

Takum 06pa3oM, HCXOMs U3 COCTaBa U IUIOTHOCTH
METEOPUTOB, CPEIHssI IIOTHOCTh IuiaHeT COJTHEYHOMH
CHUCTEMBI, 0e3 yduera aTMocdep, TOHKHA HAXOIUThCS B
npenenax 3,5 — 4,5 r/cm®. BeIcokas IJIOTHOCTB 36 MHOTO
sapa — (hefK YUCTOM BOIBI.

6. Ob APUOMETUKE

Korpma s 3aBoxy pasroBop 0 TOM, YTO B apudpme-
Trke Toxke He Bc€ OK, cimymatenu cHaudama mpoTe-
CTYIOT, 3aT€M YAMUBIIOTCA — KaK 3TO BO3MOXKHO? Jla-
BaliTe BMECTE MPOAHATTU3UPYEM HEKOTOPBIC IPUMEPHI:

I1x1=1;1:1=1.]leficTBus pa3Hbie, pe3yabTaT
OJIMHAKOBBIH.

4x0,5=2;4:0,5=8.Ho 0,5 MmoxHO paccMaTpu-
BaTh KaK MOJIOBHHY MHOXKUMOTO HIJIH AEIMMOTO, TOT/a
4x2=8;4:2=2Tloxoxe, ecTb MPOOIEMEI U B apu-
metuke. Vmm vet? [1o aBTOpCKOM Bepchu, YMHOKESHHE
U JleJIeHHe TIPHEeMIIEMO TOJIBKO JUIs IIeJIbIX uncen. [1pu
yIoTpeOIeHNU JPOOHBIX YUCEN BBITOIHEE AEIHTh,

3AKJIIOYEHUE

ABTOp Ha OJIHOM cepbE3e cunTaet ceds B pusnke
nunerantoM. Ho ecim y 83 — neTHero xkanauaara reo-
JIOTO-MUHEPAJIOTUUECKUX HayK BO3HHMKJIO CTOJIBKO BO-
MIPOCOB 1O (PyHAAMECHTAIBHON MEXaHHKE, TO 3TO YKE
HACTOPAXMBACT: 3HAUUT HEJOCTATOYHO YETKO U ITOHA-
THO M3NOXeH Marepuan. OCHOBHBIMH HCTOYHHKAMH
WHPOPMALNHN CITY)KWIH YIeOHUKH (GU3UKA st 7 — 9
KJIaCCOB, M3JaHHEIE C pa30exkoi B 19 ner. CoBmamaror
HE TOJBKO Ha3BaHUs HaparpadoB, ITOYTH COBMAAAIOT
cTpaHullbl. ['eonornyeckue Hayku, He MPETSHIYIOIUE
Ha JIOCTOBEPHOCTh U CTPOTOCTh (DU3UKH, CTOJb 3aBUJI-
HBIM [TOCTOSTHCTBOM I10XBacTaTh HE MOT'YT.

Xouy BBICKa3aTh CBOM 3aMEYaHUs U TOXKEIaHMs,
copMupoBaBIrecs B porecce padboThl Hajl TEKCTOM.

1 lIxonpHAs MporpamMma meperpykeHa pu3uKou,
TakoW pasnen Kak «MexaHWKa» M3ydaeTcsi B pa3HbIX
KJIaccax, 4To BpsiZL JIK nenecoodpasHo. CienyeT nMeTh
B BHLY, YTO IOJHBINA KypC (pU3NKN UMEETCS B yIEOHBIX
MIPOTrpaMMax TEXHUIECKUX BY30B.

2 ®DopMynHpOBKY (GHU3HYECKHX 3aKOHOB >KeJa-
TENbHO JaBaTh B aBTOPCKOM PEAAKLUUH M TOJBKO IO-
TOM, €CJIU €CTh HaJJOOHOCTb, 1aBaTh KOMMEHTAPUH.
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AHHOTAIUA

B OqepeﬂHOﬁ CTaTbC MPOAOIKACM pACCMATPHUBATh NAPAAOKCHI B PCHICHUAX JJICKTPOANHAMHUKH, OAHUM H3
KOTOPBIX ABJIACTCA HbIHC IPUHATOC MATCMATHYICCKOC 000CHOBaHHE CKI/IH'3(1)(1)CKT3 Ha OCHOBC KJIACCUYCCKUX ypaB-
HeHuit MakcBemuta. Hamu IPEAJIOKCH croco6 peHICHUA yKa3aHHbIX OIIHOOK U napagoKCcoB. CraTbs JTIaET BHOBb

MOHSTH IPUPOAY B3aNMOAEHCTBHSI.
ABSTRACT

In the next article we continue to consider paradoxes in the solutions of electrodynamics, one of which is the
now accepted mathematical justification of the skin effect on the basis of classical Maxwell's equations. We pro-
pose a method for solving these errors and paradoxes. The article gives a new insight into the nature of interaction.

KuioueBble cj10Ba: KJIacCCUUECKHE YpaBHEHHS MaKcBelia, yCOBepIIEHCTBOBAHHbIE YpaBHEH!sI MakcBea,
BOJIHOBOE ypaBHeHHe, ypaBHeHue llIpéaunrepa, ypaBuenue [lupaka, ypaBuenue ['amunbToHa-Sk0o0uM, CKHMH-3¢-

(exT, moctynatsl bopa.

Keywords: classical Maxwell equations, improved Maxwell equations, wave equation, schrodinger equation,
Dirac equation, Hamilton-Jacobi equation, skin effect, Bohr postulates.

Bhauase pazoepéM 0CHOBHOE HECOOTBETCTBHE Be-
POSITHOCTHOIM KBaHTOBOM MEXAaHHKH C HAJIMIHEM BBI-
TECHEHHMs TOKa Ha IOBEPXHOCTh NMpoBoAHNKa. CyTh Ha-
paJoKca 3aKJII0YaeTCs B TOM, YTO 0 BEPOSATHOCTHOM
KBaHTOBOI MeXaHHKE, IPH HaXO0XKJCHUH JJIEKTPOHA B
aToMe Ha JJMCKPETHhIX OpOMTax B BHJE TaK Ha3blBae-
MBIX JJIEKTPOHHBIX OpOUTaei, GU3NKH UMEIOT JIEJI0 C
HbIHE TNPHHATBIM pacipeeéHHbBIM BEPOSTHOCTHBIM
MECTOHAXO0XICHUEM DIIEKTPOHA, YTO KaK Obl HE TI03BO-
JSIET SJIEKTPOHY «IOAYUHATHCS» 3aKOHAM DIICKTPOIIH-
HaMUKH ¥ M3JTy4aTh, KaK 9TO ObUIO OBl P BpalleHUH
9JIEKTPOHA BOKPYT IPOTOHA Ha JWCKPETHOW opoute.
WmenHo nostomy bop BBEN cBOM 1MOCTYIaThI M IO-CYTH
3aIpEeTIIT BHINTOJIHEHUE 3aKOHOB JJIEKTPOJUHAMHUKN Ha
JMCKpeTHBIX opOutax. He o0bscHAeT ckuH-3QdeKT n
BBICOKAs 3JIEKTPOIPOBOAHOCTH METAJUIOB, COTJIACHO
KOTOPOH 3JIEKTPOHBI CHOCOOHBI CPAaBHUTEIBHO CBO-
00/IHO TepeMeIaThCsi BHYTPU KPUCTAIIIMYECKOW pe-
méTkyn Metawia. CauraeTcs, 4To 3aTpyAHEH JIHIIb UX
BBIXO/I U3 METAJllIa B BAKYYM.

CyTb B TOM, YTO 3/IeCh HET MPOILecca BHITECHEHUS,
TaK KaK HamnpsDKEHHOCTh  JJIEKTPUYECKOTO  ITOJIS
HarpaBjieHa BJOJIb IIPOBOJHHUKA, a HE MONEPEK, B UéM
Hac yOeX/1aloT BBIKJIaIKH, C/ICJIAHHBIE B AJIEKTPOIUHA-
MHKE ¥ NPUBEIEHHBIC HWKE, IIO3TOMY HET NPaBUIIb-

HOTO 00BACHEHHS CKUH-3ekTy. bonee Toro, cBoboa-
HBIH AJIEKTPOH 32 MpeAeIaMy 3JIEKTPOHHBIX opOuTaei
JIOJDKEH TPEJICTaBIATh COOOH YaCTHILy U TTOXUUHSTHCS
YCIOBUSIM 3JIEKTPOJIMHAMUKH, TO €CTh JOJDKEH H3ITy-
4aTh. 311€Ch BOZHUKAET MapaJJOKC — MaJeHHs AIEKTPOHA
Ha SJpO IO KJIACCUYECKOH TEOpHH, U B TO XK€ BpeMs
AJIEKTPOH JI0JKEH BEPHYTHCS HA OJIHY U3 3JIEKTPOHHBIX
opOuTaei KakUM-TO 4yJIeCHBIM 00pa30M, MUHYSI TIPO-
necc naaeHus. Ecim naxe npeanoaokuTh HeTo[4nHe-
HHE 3aKOHaM 3JIEKTPOANHAMUKH, B «yTO1y» KBAHTOBOH
MEXaHHKH, TO JUCKPETHBIH Iepexoa ¢ opOUTHI Ha Op-
OUTY, @ 3HAUUT ¥ I3MEHEHNE CBOHCTB MOJKET IPOUCXO0-
JUTh TOJBKO TPH JJIMHE BOJHBI (POTOHOB, COOTBET-
CTBYIOILIEH SHEPTUH AJIsl Iepexoa Ha HOBYIO OpOuTY,
C MCKJIIOYEHUEM HM3ITyYeHHUS! Ha ITOW JAUCKPETHOH Op-
outre. OgHAKO AUCKPETHOCTH B 3aBUCHMOCTH OT Ha-
CTOTHI 3/Iech He HabmogaeTcs. OTcroaa (GU3NKU OTKa-
3aJIMCh OT, Ka3aJ0Ch Obl, MPOCTOrO OOBSICHEHUS sIBJIC-
HUS CKUH-)pdeKTa, MO KOTOPOMY TepeMEeHHOe
3JIEKTPOMArHUTHOE T0JIe MPHUBOAUT K AP PEKTY MOBHI-
LICHHUsI OPOUTBI JBIKEHUS 3JIEKTPOHA, MPH KOTOPOM
TIOBBIIIAETCS B3AaUMOJICHCTBHE MEXy 3JICKTPOHAMH C
COOTBETCTBYIOIIUM OTTAJIKMBAHHEM UX JIPYT OT JApyra
1 BBITECHEHHEM B UTOT€ Ha TIOBEPXHOCTHBIN CIIOH.
PaccMoTpuM mapagoKChl BBIYHMCIEHHST CKHH-3()-
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(exra. st 5TOro BCIOMHUM BCIO KJIACCHYECKYIO Me-
TOAMKY BBIYUCIEHUs [1]. PaccMoTpuM munmuHApHYe-
CKHU IPOBOAHUK (pHC. 1), IO KOTOPOMY TEUET TOK.

l/-\“ I
aB/atY !
> al /et
E — >
Puc. 1.

Jloruka BeIYMCIIEHUS 3/€Ch cienyromas. Bokpyr
MIPOBOAHHUKA C TOKOM MMEETCSI MAarHUTHOE TI0JIE, CHIIO-
BbIE€ JIMHAM KOTOPOTO SIBISIFOTCS KOHIICHTPHUYECKHMH
OKPYKHOCTSIMHU C IIEHTPOM Ha OCH TIPOBOJHMKA. B pe-
3yNIbTAaTEe YBENWYEHHS CHIIBI TOKA BO3PACTAET MHIYK-
IUsI MArHATHOTO TI0JIs, @ (hOpMa CHIIOBBIX JIMHUM TPH
3TOM oOcTaércs mnpexHed. I1o3ToMy B KaxIod TOuke
BHYTPHU IPOBOJIHHMKA Npou3BojaHas OB/Ot nampasnena
T10 KacaTeJIbHOH K JIMHUU MHAYKIIMHA MarHUTHOTO T10JIS
W, ClefoBaTeiabHO, NUHUU OB/Ot Takxke SBIAIOTCA
OKPYKHOCTSIMH, COBIAIAIONIMMH C JIMHUAMH HHAYK-
UMM MarHUTHOTrO moisi. V3MeHsromieecs MarHUTHOE
TI0JI€ TIO 3aKOHY I€KTPOMAarHUTHOW HHAYKIAN

rotE=(-1/c)oB/éot, divH=0 _ (1)

C03/1a€T NEKTPUUECKOe HHIYKIIMOHHOE M0JIe, CH-
JIOBBIC JIMHUU KOTOPOTO MHNPEACTABJIIAIOT 3aMKHYTHIC
KPUBBIC BOKPYT JIMHUW MHAYKOHUW MAarHuTHOT'O IOJIA.
BekTop HampsKEHHOCTH MHIYKIIMOHHOTO OIS B 60-
Jee OJIM3KUX K OCH MPOBOAHMKA O0JIACTSX HAIpaBiIeH
MPOTHUBOMOIOKHO BEKTOPY HANPSHKEHHOCTH DIIEKTPH-
YECKOTO IOJIsI, CO3JAIOLIETO TOK, a B 0oJee JanbHUX —
COBIIAJIaCT C HUM. B pe3ynpTare MIOTHOCTH TOKa
YMEHBIIAETCSI B MPHOCEBBIX OOJACTSIX M YBEIMIHBA-
eTcsl BOIM3K MOBEPXHOCTH NIPOBOAHHKA, TO €CTh BO3-
HHUKaeT CKUH-3((EeKT.

Kaszanocs Obl, 37€Ch HET OIKMOOK B OIMCAHUU CIIO-
coba BBITECHEHUS TOKa 3a CYET TOrO, YTO BEKTOP
HanpsKEHHOCTH MHAYKIIMOHHOTO 1o B Gojee Omus3-
KUX K OCH IPOBOJHUKA oGnacmx HampasJICH IPOTHUBO-
MOJIOXKHO BEKTOPY HANPSKEHHOCTH 3JIEKTPHUUECKOTO
TOJISA, CO3/IAI0IIET0 TOK, a B OoJiee JaTbHUX — COBIIA-
naet ¢ HUM. Ho 3T0 Ha mepBbIi B3I, TaK KaK 31€Ch
uET yrcrtas abCTPaKLUs OTAENEHHs CaMOro TOKa OT

JIBIDKCHUS 3apsiI0B, CO3/1Al0IUX TOK. 1 B aTOM citydae
MarHUTHOE NoJIe CO31aETCs KaXkKIbIM DJIEKTPOHOM B OT-
JETIBHOCTH, U OHO CBSI3aHO C NMPOTUBOACHCTBUEM €O
JBIDKCHUIO, TO €CThb MarHHUTHOE MOJIe CO3JaBaeMoe
AJIEKTPOHOM TIPH €r0 JBIKCHUU HABOJMT DJIEKTpHUYE-
CKOE TIOJIC BCErJla HAIpaBJICHHOE IPOTHUB €ro JBIIKE-
HUSL, 9YTO ¥ BUITHO 13 (popMyIbl ypaBHEHUsI MakcBea.
B npoTuBHOM ciTydae, MarHUTHOE IT0JIE IPUBOAMIIO ObI
K OECKOHEYHOMY YCKOPEHHIO JBIDKCHHS DJICKTPOHOB
Ha NOBEPXHOCTH IIPOBOJHUKA. TakiM 00pa3oM, 00bsic-
HeHHEe CKUH-3(QdeKTa pa3HOHANPABICHHOCTBIO Mar-
HUTHOTO TIOJISI HE BBIJEPIKUBACT JJIEMEHTapHON KpH-
Tukd. COOCTBEHHO MO3TOMY 3TOT dPPEKT HE UMEET Ma-
TEMaTHYeCKOr0  OMHCaHHWs  NpH  JalbHeWIIeM
o0bsicHeHnn ckuH-3¢dekra. Ho, mpomomxum BbI-
KJIaJIKU U3 KIIACCUYECKOH 3IeKTpoarHaMuKku. I1pu BbI-
YHUCIEHUH CKUH-3(Q(EKTa HCXOMAT W3 ypaBHEHHH
Makcaeiia

rotH=4nc/cE, divE=4np/e )
Ho B cumty Toro, uto
op/ot+divj=0, j=oE ©)]
HETPYIHO NOJIYYUTh, YTO
ap/at+47t6p/8=0l (4)
O‘IEBI/IJIHI)IM PEUICHUEM 3TOI'0 YPABHCHUS ABJIACTCA
p(t, ) =po(r) exp(-4rot /c) 5)

rae [1nlr) — pacmpeneneHue 3apsga B MOMEHT
t=0. Cuwmraercs, uro div E=0, Tak xak paccmarpuBa-
eTcsl YCTaHOBUBILHUICS MPOIECC U BCE BHECEHHbIE CBO-
0o/1HBIE 3aps/Ibl JOJDKHBI PACCOCATHCS 32 BPEMSI perak-
caumu [ 1=[1[1114n[]). [Tapamokc yxxe B TOM, 4TO HpeJ-
nosioxkenue, uro div E=0 o3nauaeT, 4T0 MBI HE UMeeM
ciiydasi ¢ BapHaHTOM B3aMMOJICHCTBHS C 3apsAaaMu, a

HMeeM YHCTOe JIEKTPOMATHUTHOE TI0JIe, pacIpocTpa-
HSIOIIEECs B IIPOCTPAHCTBE.

Kpome Toro, crenuanucraM HOHATHO, YTO €CIU
JIeNI0  KacaeTcsi NEePEeMEHHOTO 3JIEKTPOMAarHUTHOIO
moJisi, TO JJIsl NAHHOTO BapWaHTa ypaBHEHHE Makc-
BeJIJIa IMEET BHJT

rotB—(1/c)oE/ ot =j (6)
[TonsTHO, 9TO HENMB3s UCKIOYaTh WieH (1/¢)(OE/0t), Tak kak nanee NCTONL3YEeTCs YypaBHEHHE
rotE=—ucoH/ot, divH=0 7)

WHpIMU clTOBaMH HENB3s HAMEPCHHO CO3]IaBaTh
ACUMMETPHUIO B HABEJICHUH DJIEKTPOMATHUTHBIX TOJIEH
JIPYT C IPYroM, TaK KaK B 3TOM CIydae OTPUILIAIOTCS
camu ypaBHeHUs MakcBeiia, TeM 0oJjiee, 9TO Jajiblie
MBI HCIOJB3yeM MPOM3BOTHYIO IO BPEMEHH OT DJICK-

Tpudyeckoro nois. A ecnu (1/¢)(0E/ot)=0 mo ypasHe-
HUIO (2), TO manbpiie BOOOIIe HET CMBICTA TPOBOIUTH
ananmu3. Ho Bce xe mpomomkuM, u audepeHIupys
o0e dYacTH MOJYYCHHOTO YpaBHEHHS II0 BPEMEHH,
HaXOJUM

rot(oH/ ét) = 4nc/(coE/ ot) 8)


http://ru.wikipedia.org/wiki/Силовые_линии
http://ru.wikipedia.org/wiki/Силовые_линии
http://ru.wikipedia.org/wiki/Закон_электромагнитной_индукции
http://ru.wikipedia.org/wiki/Уравнения_Максвелла
http://ru.wikipedia.org/wiki/Уравнения_Максвелла

54

Sciences of Europe # 28, (2018)

Janee nemaem noacTaHoBKY 3Hadenust LWOH/Ot u3 (1):
(—c/p)rot(rotE) = (4nc/c)oE/ ot _ 9)

ITockosbky

—rot(rofE) = grad(div E) - V’E

cootBetcTBeHHO div E=0. OTkyna nomy4aem

V?E = (4nou/ ¢*)(GE/ t)

QdakTryecku — 3TO ecTh audepeHInaIbHoe
ypaBHeHHE Mexay ypaBHeHueM llIpéaunrepa u ypas-
HeHueM [ammnbToHa—SIKOOM ISl IBM)KEHHST YaCTHUIIBI
IpU TOTEHIMAILHONW JHEPTHH, PaBHOW HYJIO, €CIU
snauenne pdnll/c? skeusanentHo 2Moy (3necw Mo —

W = p?/2M,.

C TOYKM 3peHusl HalleH TEOpUU TAaKOH pe3ysbTaT
OOBACHSETCS TEM, YTO IPeoOpa3oBaHME ICKTpOMAr-
HHUTHOTO TIOJIA 33 CYET NOTJIOMIECHHS M N3Ty9IeHHS K-
BUBAJICHTHO B HPOTHUBOMOJIOKHOCTH (HPOPMUPOBAHUIO

VZE—(ue/c?)(*E/0t) =0

Amnanormaroe YpPaBHCHHUC NTOJTYHIACTCA U U1 Mar-
HHUTHOTO IIOJIA:

VZH = (4nop/c®)(0H/ at)

WHbIMU ClIOBaMU YIPOILEHUS B BUJE aCUMMETPUU
JIaéT pellieHne B BHJE SKCIIOHEHIMAIbHON (QYHKIHU

exp[Q/2M,)Wt — pr)] it E n H, HO 6e3 BoiHO-

BBIX CBOMCTB B BHUJE eXp[G/ZMO)(\M - pl’)]. Vka-

3aHHOE — MapaJoKC, TaK KaK BOJIHOBbIE cBoicTBa /1715 E
n H y Hac n3HayvaIbHO 3aJ105KEHBI, TO €CTh AIEKTpoMar-
HHUTHBIE COCTaBJIIOIINE, MMEIOIIIE BOJTHOBON Xapak-
tep E (H) He MOTYT OMUCHIBATHCSI BOJTHOW M 3aTyXar0-
11ei HKCIIOHEHTOH OTHOBPEMEHHO, TaK KaK MpH peltie-
Hun B (11) u (14) 3Ha4eHHE YaCTOTHI HE MIPUCYTCTBYET,
U penieHne 1o o1HOH (QyHKIUH MaET OJJHO3HAYHO OT-
CYTCTBHE pelIieHus 1o apyroi ¢gyHkuuu. ViMeHHO c
aToi mpobiemoit cronkuyincs Lpémunarep, koraa mei-
TaJICSI COBMECTHTH KOPITyCKYJISIpHBIE W BOJHOBBIC
cBoiictBa. M oH pemmi 3Ty mpoOiemy, BBEIs B 3TO
muddepeHnranbHOe ypaBHEHHE MHUMYIO CIWHUILY.
OpHaKo mepexo/ K BEPOSTHOCTHBIM BOJTHOBBIM (pyHK-
IIUSIM HE TI03BOJIMII €My PacCMOTPETh COBMECTHOE B3a-
MMOJICHCTBHUE Uepe3 ANEKTPOMArHUTHBIE W TPaBUTALIU-
OHHBIE CWIBl. B pemennn mpobnemsl cKuH-3¢hdexTa
Ha0Io1aeTcs TOYHO Takas ske npodsiema. C ojHOI cTo-
POHBI, «Iepeaday HalpsHKEHHOCTH 3JIEKTPUYECKOTro
MOJIS B IPOBO/IHUKE IPOUCXOIUT OT HJIEKTPOHA K JJIEK-
TPOHY, U 3TO BBI3BIBAET B HEM IBIIKEHHE 3apsAJ0B, TO
€CTh TOK, & HAINYME TOKa 0053aTeJIbHO CBSA3aHO C IPO-
U3BOJHOM U3MEHEHHUS 3apsja M0 BPEMEHU B COOTBET-
CTBHHM C ypaBHeHHeM HemnpepbBHOCTH (3). C mpyroit
CTOPOHBI, HpPU IEPEMEHHOM OJIJIEKTPUICCKOM II0JIe
MMEEM [IeJ0 C DJIEKTPOMAarHUTHON BOJIHOM, TaK Kak
JIBIDKEHHE 3apsijia 371ech OyIeT ¢ ycKopeHueM. A 1o 3a-
KOHAaM 3JIEKTPOJAUHAMHIKH JOKHO HMETh MECTO M3Iy-
4YeHHUe OT MPOBOsIIeH moBepxHocTH. [loaTomy npuHu-
maetcs div E=0 (div H=0), 4T0 COOTBETCTBYIOT pac-
CMOTPEHUIO BapHaHTa 3JIEKTPOMArHUTHOTO I0JIs, a HEe
BapuaHTa HAJIMYUS 3apsiI0B.

(10)

11)

Macca 3JIeKTPOHA), TO e€ PelIeHHeM MOXeET OBITh JKC-
MIOHEHIIaJIbHAS byHKIHSA BHJA

exp[/2M,) (M — pr)] . OTcrona MBI TIONYYHM H3-
BECTHOE ypaBHeHHe [aMMIIbTOHA BUA

(12)

KOPIYCKYJISIPHBIX CBOUCTB. HarloMHMM, 4TO paHee npu
TeX ke ucxonHbIX anHbX mpu div H=0 u div E=0 mo-
JIy4aJoCh yPaBHEHUE IEKTPOMATHUTHON BOJIHBI BHIQ

(13)

(14)

OTMeTuM, 4TO HEKOTOPOE MPOSICHEHUE CUTyalluu
MOXET JaTh HaIll TOJIXO/l, TaHHBIHA B [2], MpU KOTOpOM
paccMaTpHBaeTCs CUMMETPUYHBIH 0OMEH MexXy Ipo-
THUBOTIOJIOKHOCTSIMH U B3aWMHBIN Iepexo]l MpecTaB-
JISIETCSl HAa OCHOBE JIBYX PaBHOIPABHBIX (DYHKLHUI BUia
exp(wt — pr) " expli(wt — pr)] , OTDAKAMIIHX KOD-
MyCKYJISIpHBIA U BOJIHOBOM BuA. IIpu 3TOM Hago oT™me-
TUTh, YTO YKa3aHHBIC SKCIIOHCHLIHAJIbHBIE (YHKINH
0TOOPAXKAIOT MOJHOCTHIO 3aMKHYTbIe 00BEKTHI, TAK KaK
UX BHJ He MeHseTcs NpHu Aud(epeHIUpOBaHNH HITH
uHTerpupoBaHud. CrenyeT TaKke 3aMETHTh, YTO
byHKIMHT exp(t—pr) , expli(ot - pr)] HE UMEIOT
CTaTHKHM W OTpaKaroT Bcerja aAuHamuky. CoderaHue
Takux (QyHKIMH ¢ yu€ToM B3aMMOAEHCTBUS ITPOTUBO-
MOJIOKHOCTEH PacCMOTPUM HECKOJIBKO HIDKE TPH I0-
Ka3e HaIllero Mmoaxoaa o0bsICHEeH s CKUH-3(dekTa.

W3 ckazanHOTO BBINIE TIpolece, (HOPMUPYIOIIUI
CKUH-3((EKT, HENb3sI pacCMaTpUBaTh YNPOIIEHHO, U
OH CBfI3aH KaK C M3JIy4€HHEM, TaK U C MOTJIOIMICHUEM
KHHETHYECKON SHEPTUH BHYTPH MPOBOJHUKA TIPH JBH-
JKEHUU 3apsJI0B.

[TpoomKkuM fpanblie paccMOTpEeHHE CKHH-3¢-
(exTa B OECKOHEYHOM ITPOBOJHUKE C TUIOCKOW I'paHu-
uei (puc.2).

Puc. 2.
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Jlanee mpennonaraercsi, uto ypaBHenus (11) u
(14) B obmactu y>0 AOMyCKAIOT TOJHKO 3aTyXarollne
BO BPEMEHH pelleHHs. DTOT BBIBOJ ICAETCS HA OCHO-
BaHUH TOTO, YTO TIOCNIE CKAISIPHOTO yMHOXKeHHs (14)

(2ron/c?) 2 [H2dV = [(rotH)2dV <0
atV \%

W3 (15) BUAHO, YTO TOK TEYET MO OJHOPOTHOMY
6eCKOHEUHOMY IIPOBOJHUKY, 3aHUMAIOLIEMY MOIYIIPO-
ctpanctBo V, rme y>0 Booib ocu x. [loBepXHOCTBIO

0°E, /0%y = (4nop/c?)(0E, / t)

31ech TaiKe NPUMEHEHO HEOOOCHOBAaHHOE IIpa-
BUJIO, II0 KOTOPOMY U3MEHEHUE HAPSDKEHHOCTH JJICK-
TPUUYECKOI'O MOJIA 110 IIPOEKLUU X BO BPEMEHH IOJIKHO
JlaTh €ro K€ M3MEHEHHUe 1o ocu y. MHpIMU cioBamy,
T€M CaMbIM IPUIYMald «HOBBI» 3aKOH B3aUMOICH-
CTBUSL U U3MEHEHUs IeKTpudeckoro nois. Ilo Hemy,
U3MEHEHNE BO BPEMEHH 3IIEKTPUYIECKOTO OIS 110 MIPO-
€KUM X BBI3BIBAET HEPABHOMEPHOE paCHpEAEICHUE
HaNpsKEHHOCTH 3JIEKTPUUECKOTO MO ¢ MIPOEKIHER X
IO OCH y, B NPOTHBOBEC 3aKOHY JIIEKTPOAHHAMHUKHI

rotB = (1/c)(0E/ o) . Bo3HuKaeT HEOHO3HAYHOCTh
3aKOHOB, 4Yero MHpH JCTEPMUHUPOBAHHOM MOIXOE
ObITh He MoxeT. Takum oOpa3oM, (akTHUecKu ObLIa
COBEpIIEHa IOATrOHKa TOA pe3ynbTar. Kpome Toro,
HaJI0 TOHUMAaTh, YTO BHITECHEHHE 3apsI0B Ha IIOBEPX-
HOCTH NPOBOJHMKA CBSI3aHO C MOJISIpHU3AIMEH BHYTPH
npoBosaHuKa. [Ipn 3TOM 00s3aTeNbHO MOKHA OBITH
HaINpsHKEHHOCTD AJIEKTPUUYECKOTO OIS, HAIpaBJICHHAS

d°E, (y)/d’t =i (4nop/¢*)E, (y)

Pemenunem ypaBuenus (17) Oyzer:

E,(y)= Eyexpbuy], 7=(i/c) fiodnon

Ha H u uHTerpMpOBaHus 10 4acTsAM C Y4ETOM I'paHUY-
HBIX YCIIOBHH, HAXO UM

15
T oH/ot <0 (15)

MPOBOJHUKA SABJISETCS IIOCKOCTh y=0. Takum 06pazom
moxkem 3amucath =ix(y, 1); Jy=i=0; Ex=Ex(y, 1);
Ey=E,=0. Otcrona

(16)

MIPOTUBOMOJIOXKHO JUIi KOMIIEHCALIUH, OJHAKO MBI
3/1eCh B pacuéTax 3TOro TOXe HE BUIUM.

Jlanee cunTaercs, 4To B ITOM ypaBHEHUH BCeE Be-
JIMYUHBI TAPMOHUYECKH 3aBUCAT OT f, 1 MOKHO MOJIO-

KUTH Ex(y’t) :Ex(y) eXp[—i(D'[] . JTO Tak ke SABJIA-

€TCsl HEBEPHBIM, TaK KaK I'apMOHHUYECKUI BOJHOBOMI
BHJ] TI0 BPEMEHHU JOJDKEH JaTh TaKOW )K€ rapMOHHYe-
CKuil BHI 10 KoopauHate. IMEHHO Ha 3TOM OCHOBaH
Mepexo OT KJIACCHYECKHX ypaBHEHWH MakcBemna K
BOJIHOBOMY ypaBHeHHIO. HO KopITycKysapHOe ypaBHe-
Hue [ammibToHa—SKOOM HE MOAXOIUT IS PEIICHHUS
BOJIHOBBIX YpaBHEHUH, Tak Kak ABOItHOe muddepeHim-
pOBaHHE 10 KOCHHYCY JacT BHOBh KOCHHYC, a OJFHAP-
HOe nuddepeHIIMPOBAHUE 0 KOCUHYCY ACT CUHYC, U
B MTOT€ KOCHHYC OynIeT paBHAThCsS cuHycy. IIponon-
KMM aHaJu3 jAajee, YTOObl MOJYYUTh ypaBHEHHUE IS

Ex(y)
17)

(18)

Ot0OpacbiBaeM HapacTarlee Briyob IIPOBOIHHUKA M10JIE, KaK (PM3MYECKH HEOCYILIECTBUMOE, BEIOUpaeM pele-

Hue ¢ Re %<0, To ecTph

y=01-1/5, d=c/\w2nou

(19)

Taxum 06pa30M, Hal'IprKéHHOCTB QJICKTPHUYICCKOI'O OJISI B IPOBOJAHUKE U3MCHACTCA 110 3aKOHY:

E.(t,y) = E;expl-y/3]expli/((y/8) —ot)]

B3sB nelcTBUTENIBHYIO YacTh OT 3TOrO BbIpaXke-
HUS, ¥ MEPENS ¢ MOMOIIBI cooTHomeHus j=[1E k
TUIOTHOCTH TOKA, MOJy4yuM (TIpUHUMAasi BO BHUMaHUE,

Jx(y. 1) = joexp[-y/8]cos((y/8) —wt)

3meck Takxke ObUTa ToMyIleHa PPUBOIBHOCTD, TaK
KaK OTKa3 OT MHUMOW YacTH PELIEHUS U OCTaBJICHUE
TOJIGKO JIEHCTBUTENHHOM YacTH, HE 0OecrieunBaeT pe-
IIEHHe PACCMOTPEHHOTO UG HEePeHIINATHLHOTO ypaB-
HeHus, u IpénuHrep no3ToMy He CMOT OTKa3aThCs KaK
OT JIEMCTBUTENBHOM, TAK K1 OT MHUMOM YaCTH 1 OBLJI BBI-
HYXXJEH HCIOJb30BaTh BMECTO JJIEKTPOMATHUTHBIX
(hyHKIHMH BEPOSTHOCTHBIC BOJIHOBBIC (DYHKIMH C CO-
XpaHEHHWEM KakK JEeWCTBUTEIbHOW, TaK U MHHUMOI Ya-
creil. [Ipu 5TOM MBI BUAMM, YTO TOK BJIOJIb OCH X B 3a-
BUCUMOCTH OT MapaMmerpa Y/d MOXET HMETh IMPSIMO

(20)

gro jx(0,0)=jo — ammIMTyga TUIOTHOCTH TOKA Ha TIO-
BEPXHOCTH TPOBOJIHHUKA) CIIEyIOLIee pacipelesieHne
00BEMHOI TIIOTHOCTH TOKA B TIPOBOTHUKE:

(21)

MIPOTHBOIOJIOXKHOE HampaBieHHe. MHBIMH CcIOBaMU
MBI TTOJTY9aeM 3aMKHYTOE JIBUKECHHUE TOKA, a 3TO TAKKe
Ma€T mapaZoKc, TaK Kak y Hac M3HAYalbHO Oepércs
Jy=i=0. Boobie-To Takoe pacrpesenerne Toka mo (21)
MOXET JaTh TOJBKO HATUIUEC CTOAYNX DJICKTPOMArH1T-
HbIX BOJIH. OJTHAKO 37IeCh HET PACCMOTPEHHS BapHaHTa
BOJIHOBOJIOB, TAaK KaK y—>0.

AHanu3 MOKa3bIBaCT, YTO PEIIUTH 33129y MOJTyYe-
HUSl CKUH-3(Q(eKTa, HCIONB3YysS METOJA PEIICHUS OT
KJIACCHYCCKON  3JICKTPOJUHAMUKH,  IPUBCIAEHHBIN


http://ru.wikipedia.org/wiki/Комплексное_число
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BEIIIIE, B IpuHIHIE He yaaércsa. OTMETHM, YTO TOIY-
YeHHBIH TPUOIMKEHHBIH METOJ UMEET OYEeHb XOpO-
IIYI0 CXOOMMOCTH C TPAKTHYECKHAMH Ppe3yNIbTaTaMH,
HECMOTPS Ha TO, YTO OCHOBAaH Ha HEBEPHOM TEOPETHU-
YyecKoM Oasmce.

[TosToMy TpeOyeTcs HalTH MPaBHIHHBIN YKBUBA-
JICHT NOJIy4YeHHOMY PEIIeHHI0, HO 0€3 MPUMEHEHUS HC-
MOJIb30BAHHBIX NMOATOHOYHBIX MeTOA0B. C 3TOM IEebI0

rotH=0D/dt +j;
divD=p/4r;

B urtore MOJIYYaroTCs YpaBHCHUA:

V2H +(en/c?)(@%/0t))H =—rotj=0
VZE+ (e /c?)(0° /1 0t*)E = (U g2) grad p— (upo) (0 /) =0

@DaKkTHYeCKH MBI MOTy4aeM OTIENIbHBIE ypaBHE-
HUS C NIPaBOM U JIEBOI CTOPOHBI OT 3HaKa PaBCHCTBA B
(23) u (24), B cuity TOrO, YTO BOJHOBBIE YPAaBHEHUS OT
3HAaKa PaBEHCTBA XapaKTEPHU3YIOT H3IydaeMble 3JIEK-
TPOMAarHUTHBIE BOJIHBI, 8 OHU UMEIOT BOJIHOBYIO (DyHK-
LU0 THIIA CHHYC WM KocuHyc. M ecim, Hampumep,
rot j#0, To 3T0 OyAeT o3HAYaTh JOOABICHHUE TOCTOSH-
HOM COCTaBJISIOLIEH, TaK KaK €CTh HAYAJIO U €CTh KOHEI]

(U e)gradp—(u/c?)@j/at) =0, (1/€)gradp—(u/c®)(pv/at)=0

Jlanee Mbl yUUTHIBAa€M, 4TO XOTS caM MPOBOJHUK
U ABJISIETCS AJIEKTPUYECKH HEUTPAJIbHBIM, HO MO/ Aeil-
CTBHMEM 3JIEKTPUYECKOTO MOJISI MPOUCXOJUT U3MEHEHHE
KOHIIEHTPAIIUM JIEKTPUUECKOTO 3apsifia BO BPEMEHHU U
B MPOCTPAHCTBE, WHA4Ye Obl MPOBOJHUKU BOOOIIE HE

p =po exp[-iot]

Hnapimu CJIOBaMU, MbI HE paccMarpuBacM OT-
JACJIBHO 3aps/J 3JICKTPOHA BHE 3apsja IPOTOHA, a YUr-
TBIBA€M HUX B33HMO,Z[CI7[CTBH€. HpI/I 9TOM BEKTOP CKOPO-

(1/€)gradp—(uv, /c2)(@p/ t) =0.

1/ €)grad p = i ppv, / ¢ _

Janee moxeM 3anucaTh ypaBHeHue (28) oTHocu-
TEJIBHO pacIpejeNieHus 3apsiia aHaTOTMYHO TOMY Kak
970 3anucano B (17):

Op(x)/ ox =—lw eup (X)(v, /c?) _

Pemennem ypaBuenus (29) 6yzer GpyHKIuS:

P(x) =po explcx], C=-ioau(v/c*)

WHupIMU clTOBaMU TIOJTYYaeM aHAJIOTUYHBIN ITEPHO-
JIUYECKUI BHJ, KaK 10 BPEMCHH, TaK U MO MPOCTPaH-
CTBY, YTO AHAJIOTMYHO BAapHWaHTy pPacIpPOCTPaHECHUS
3HeKTpOMaFHHTHOﬁ BOJIHBI B BOJIHOBO/JZI€ BIOJIb OCH X.
WHBIMU cTOBaMU TIOTYYXTH GU3HNKY HATMYHS CKHH-3(]-
(exra Ha OocHOBaHHM pemieHus oT (24) HEBO3MOXKHO.
Opnnako B (23) umeeM pemenne —rot j=0, a 5To 03Ha-
YaeT, YTO MPH MePeXo/ie OT CTATHKH K BOJIHOBOMY Iie-

rotE =-0B/dt;

MpoBeNEM aHAJOTHYHbBIE IEHCTBHUS MO MpeoOpa3oBa-
HUIO ¢ YI6TOM IIPUMEHEHUS OTIePaNnH rot, KOTopas Xa-
pakTepu3yeT mMepexon K MEePEeMEHHOMY 3JEKTpOMar-
HUTHOMY TIIOJIIO, HO C YpPaBHCHHSMH 3JICKTPOIIHA-
MUKH, YIUTHIBAIOIINMH BCE IPOM3BOTHEIC ITO BPEMEHHU

[3]:

j=oE;
: (22)
divB=0; D=e,E; B=pu,H.
| (23)
(24)

Toka. Kak aTo (1)I/I3I/ILI€CI(I/I OpeACTaBUTh I BEKTOpPA
HCMOHATHO, TaK KaK HYXCH MCTOYHUK TOKa U €ro Io-
TJIOTUTCIIb, @ CaMU 3apsA/bl HE MOT'YT UCUC3aTh B HU-

KyZa U TOSBIATECS U3 «HYID».  AHAJIOTHYIHO 3TO OT-
HOCHTCS U K ypaBHeHUIO (24). OTcroa 3anuiieM ypas-
HEHUe BUa:

(25)

MOTIJIK U3J1y4aThb. Bor MO3TOMY MbI IPEACTABJIAEM 3a-
pAad UBMECHAIOIMUMCS BO BpEMEHU 110 TAPMOHUYCCKOMY
3aKOHY, aHAJIOTUYHO KaK 3TO MPEI0KeHO B [4] B ciy-
yae aunoJieit ['epua:

(26)

CTH V=Vo 6y/:[eT ONpeALIATbCA MAKCUMYMOM aMIUIM-
TYAbI IPUKIAABIBAEMOTO JJICKTPOMArHUTHOI'O IOJIA K
IIPOBOAHUKY. OTCIOI[a HUMECEM!

@7)

(28)

(29)

(30)

PHOIMYECKOMY BUTY JICKTPOMATrHUTHON BOJIHBI, TTOSIB-
JISIETCS KPYTrOBOM TOK IMEePIICHANKYIISIPHBIN K HATIpaBJie-
HMIO JIBMIKEHMS 10 OcH X. VIMEHHO OH 1 00ecreunBaeT
BBITECHCHHME 3apsiIOB M3 IIEHTpa mpoBoaHuka. Ho,
OOBIYHBIE ypaBHEHHS MakcBela B COOTBETCTBHH C
(23) 1 (24) HE UMEIOT CUMMETPHH MEXIY dJICKTpHUe-
CKHMHU ¥ MarHUTHBIMH COCTaBIISIOIIMMH, & 9TO TOBO-
pUT 00 OTCYTCTBUM B3aUMOJCHCTBHSI MEXKAYy HUMHU,
4yero ObITh He MOXKeT. KpoMe Toro, 37ech CTaHOBHUTCS
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OYEBHUJICH MAPATOKC MEXKAY CTATUKONW M TUHAMHUKOM B
3NIEKTPOANHAMYKE. Benp HampaBlieHHE CHIIOBBIX JIH-
HUHN HAaIpsDKEHHOCTH JIEKTPUUECKOTO MMOJISL B CTAaTHKE
HAaIPaBJIEHO NMapaJIeIbHO IBIKCHHIO JIEKTPHIECKOTO
3apsina, a AT pacTpOCTPAHSIOIIETOCS SIEKTPOMAarHUT-
HOTO MOJISI 34€Ch MBI BUJUM COCTaBIISIOIINE HIIEKTPO-
MarHUTHOTO IOJI NEepNEeHAMKYJISpHbIE K Halpasiie-
HHUIO JBI)KEHUS. B cooTBeTCTBMM C 3THM BO3HMKIA
HEOOXOIUMOCTb  YCOBEPLICHCTBOBATh  YPaBHEHUS
MakcBenna ¢ LeNbl0 UCKIIOYEHHUs] YKa3aHHBIX INapa-
JIOKCOB 10 CUMMETPUYHOIO BHJA U C BBINOJHCHUEM

MOJIYMHEHHS ITUX ypaBHEHHEM ITpeoOpazoBanusm Jlo-
peHIa-MUHKOBCKOTO, 4TOOBI 00ECIeYnTh MpaKTHIe-
CKH HaONIOIaeMyI0 CBSI3b MEXKIY MPOCTPAHCTBOM M
BPEMEHEM U JJIEKTPOMATHUTHBIMH COCTABIISIOIINME B
BHUJIC MCKPHBJICHUSI ABHXXCHUsI (JOTOHOB B IpaBHTAIH-
oHHOM T10J1€. COOCTBEHHO K HAITHYHUIO HEOOXOTUMOCTH
CUMMETPHH MPHUIILTH U B KIIACCHYCCKON IIICKTPOIMHA-
MHUKE, HO 4Yepe3 BEKTOp - MOTCHIMANBI U CTOPOHHHE
Toku. B [5] HamMu ObLTH MOJTyYEHBI YCOBEPIICHCTBOBAH-
HbIC ypaBHCHHs MaKCBeUIa, KOTOPBIC YYHTHIBAIU
CBs3b C TpeoOpa3zoBanusMu JlopeHia-MUHKOBCKOTO
BHJA

—pgOH, /3t +ipC OH, / ox =0, | &y —E, | o7
—po&H,, 1t +ipge oH, /8y = E, /62—, I X
— 1o &H, /Bt +ipgC OH, /62 = OE, | ox—0E, 13y

60 OE, | &t —igqC OF, /ox=0H, oy —aH, oz |

(1)

60 OE, | &t —ig,C OF, /oy =0H, /oz—oH, 1 9x |
60 OE, | 2t —ig,C OF, /o2 =0H, /ox—oH, | &y

CyTb 5THX ypaBHeHHI B no0aBieHnu auddepeH-
[UAIBHBIX YJICHOB C MPOEKLHEH 3IeKTPOMAarHUTHBIX
cocTaBisFolMX Ha BpeMs. [Ipu 3ToM monyuaercs He-
00X0AnMasi CUIIOBAsi COCTABIIAIONIAs, KOTOpask HalpaB-
JICHa TapaJuIeNIbHO JIBH)KEHHIO JIEKTPOHOB B MPOBOJ-
Huke. IMeHHO cucteMa 3Tux ypaBHeHwuii (31) obecme-
YHBaeT Npe/ICTaBICHUE AJIEKTPOHA B
3JIEKTPOMArHUTHOM HCIIOJTHEHHH KaK IT0Ka3aHo B [6].
Ortcroza nonyvaeTcs cBs3Ka, KOrJa ypaBHEHHUIO HeTIpe-
PBIBHOCTH 110 OJHOHW OCH HAalpaBJeHUs BIKCHUS
clieBa OT 3Haka paBeHCTBa B (31) COOTBETCTBYET POTOP
WK KPYrOBOE JABH)KCHUE B OPTOTOHAIBHOM MIIOCKOCTH
CIpaBa OT 3HaKa PAaBEHCTBA. VIHBIMHU CIIOBaMH MPSIMO-
JIMHEHHOe IBIDKEHHE B OJHOM MPOTHBONOJIOKHOCTH
BBI3BIBACT KPYrOBOE JBIDKEHHE B APYrOM MPOTHBOIIO-
JoxxHOoCcTH. Heo6XoauMocTh mepexoia K yCOBEpIICH-

rotH =0D/ ot + g,

TTOHSATHO, YTO 3HAYEHUS g U jH OTPAXKAIOT Tudde-
PEHINANBHBIC WICHBI C TPOSKIUSAMH SIEKTPHUECKUX U
MarHUTHBIX COCTAaBIISIOIIMX Ha BpeMs. AHAJIOTMYHO
STH BEJIMYHHBI BRIPAXKAIOTCS TAKOKe U Yepe3 NCTOIb30-
BaHME JIEKTPOJMHAMUYECKUX MTOTEHIMAJIOB A U Am B
TEOpUM SKBUBAJIEHTHOCTH, Hampumep B [8]. bonee
TOTO, TPOEKIMsS BEKTOP - MOTECHIMAJIOB HAa BPEMs C
YMHOXXEHHEM Ha MHUMYIO €MHUILY OblIa BBEJEHA eIé
JI0 Hac, HO He OBUIO paclpoCTpaHeHa Ha JJIEKTpoMar-
HHUTHBIE COCTaBJISIONIME. XOTs NpsimMast IeTepMUHHPO-
BaHHAs CBSA3b BEKTOP - MOTEHIMAIOB M 3JIEKTpoMar-
HHUTHBIX COCTABJISIOUIMX B IPUHIUIE HE OCTaBISET

rotE=-oB/ot+ j,,

CTBOBaHHBIM ypaBHEHHsIM MakcBella MMeeT Tpoe-
KpaTHOE TIOATBEpKIcHHE. [lepgoe CBA3aHO C TEM, UTO
MIPOEKITUS Ha BpeMsi ObLIa BBEICHA U B BEKTOP - TIOTCH-
ouanax, ¥ MPaKTHYECKH B 3TOM CIIydae BHI yCOBEp-
IIEHCTBOBAHHBIX ypaBHeHUH MakcBelia COBMaaaeT ¢
YpaBHEHUSMH Yepe3 BEKTOp NOTEHIUaNbl. Bmopoe
MOATBEPKICHUE CBSA3aHO C TEM, YTO MPEeoOpa3OBaHuUs
JlopeHnna - MMHKOBCKOI0 UMEIOT IIPOEKLIUIO HA BPEMH,
U CBs3aTh UX 0€3 MPOEKIMH Ha BpeMs C dJIEKTpomar-
HUTHBIMU COCTABJIIOIIMMH HE TMPEJCTaBIIsIETCS BO3-
MOXHBIM. W1 mpemve moaTBepKIeHUE KacaeTcs TOTO,
YTO BHJ YCOBEPIICHCTBOBAHHBIX YpaBHEHHMH Makc-
BeJJIa COBIAJAcT C ypaBHEHUsAMH Jlupaka, KOTOpBIC
BEIBOJVIINCh W3 TIOAYMHCHUS YpaBHEHHWIO HSHEPTUU
OiiHmTeiHa. COOTBETCTBEHHO, MBI MOKEM IpEACTa-
BUTH ypaBHeHHA (3 1) B BUzie ypaBHEHHU aHAJIOTHIHBIM
(22), B cooTBetcTBUH C [7]:

D=e,E, B=pyH (32)

WHBIX BAPHAHTOB, TAK KaK HHOE TOBOPHJIO ObI 00 X He-
3aBHCHMOCTH M HEOJHO3HAYHOCTH. A Tak Kak, B Kiac-
CHUYECKOW JIEKTPOAMHAMIKE HE paccMaTpuBaeTcs Gu-
3MYECKUH SKBUBAICHT, TO 3TO W NPHUBENIO K HapagoK-
caM. Y Hac 3TU 3HaYCHHS IPOEKIHI Ha BPEMS CBS3aHBI
¢ npeo0Opa3oBaHHEM JUIMHBI BO BpeMs, 1 BPEMEHHU B
JuMHy. VIMeHHO He y4€T 1MoJunHEeHUs! OOBIYHBIX ypaB-
HeHnit MaxkcBesia npeoOpazoBanusiM Jlopenna-MuH-
KOBCKOTO M IIPHBEJIO K PsIly MapagoKCOB ¢ HECOOIoIe-
HUEM 3aKOHA COXPAHEHUs SHEPIUH Yepe3 TaK Ha3blBa-
€MBbIC «BAKYYMBbI». COOTBETCTBEHHO y Hac, r=ct, a

Jy =divM =ip,c oH, /or =ip,c Ok, / ot =(ic/cu)ok, / ot = (i/u)JoE, / ot

5 aHaJIOTM4YHO 3aIlMIIEM
Jg =div P =ig,c OF, /or = (iu)oE /or Tpn 5Towm

HaJIMYME€ MHUMOM € IMHULBI HE [TI03BOJISET HAM OTHECTHU
MOJIyYCHHBIC 3HAUYCHHUS HU K BEKTOPY, HU K IOTCHIIH-
aimy. CoOCTBEHHO HEYTO aHAJOTWUYHOE BBEJICHO U B

IS

QJICKTPOAMHAMUKE Y€PE3 BEKTOP - MOTCHIIUAJIbI. 3HCCB
MBI TakKX€ YYUTBIBAEM, YTO IIO Harrei TCOPUHN

2 2
po, =1/cu . & u/c; v N eV, — 3Hade-



58

Sciences of Europe # 28, (2018)

HHE UHTETPaIbHON CpeTHel CKOPOCTH JIBMXKEHHS 00b-
€KTOB B IIPOTHBOIOJIOKHOCTH, KOTOpas CBsI3aHa C Tep-
MOJIUHAMUYECKAM paBHOBecHeM (OoIree moapoOHO, CM.
B [9]). IHBIMU cTOBaMM, MBI TOBOPHM, YTO paBHBIH B3a-
HUMHBIA TIporiecc OOMEHa MEXIy HpPOTHBOIOJIOKHO-
CTSIMU 1aéT CUMMETpPHIO. YKa3aHHOE 03HA4aeT, 4To U3-
MCHEHHS, CBSI3aHHBIC C IBMKCHHEM AaHAJIOTHYHBI B
MPOTUBOMNONOXKHOCTAX. Y ecnu B Haiel cucreme J1BU-
keHne AT 3P PexT mpeodpa3oBaHus JUIMHBI BO BpEMs
¥ Ha00O0POT, TO ¥ B MPOTHBOIIOJIOKHOCTH ITPOUCXOUT
TOXE CaMoe, 4TO B HAIlIEi CHCTEME, M BEIPAXKAETCS de-
pe3 3Ha4eHUs MEKTPUUECKON U MarHUTHON MPOHHIA-
emocteil. [Ipu ncnosnp30BaHuy OJHON U TOU K€ BENIU-
9UHbI Ey MBI BUANM, YTO 3HAUCHUA j£ U jH , XapaKTepH-
3yI0T IpeoOpa3oBaHNe JUIMHBI BO BPEMS U BPEMEHH B
JUIMHY, B 3aBUCHMOCTH OT MHTETPalbHON KHHETHYe-
CKOM CKOPOCTH JIBHKEHUS B MPOTUBOIOJIOKHOCTH. [1o
JpyromMy roBopsi, KHHETUYECKas dHEPrus B MPOTHUBO-
TIOJIO’KHOCTH OMPENIEeNseT MPOCTPAaHCTBEHHO-BPEMEH-
HOE UCKPUBJICHUE B HalIel cucreMe. B cuity Toro, uro
Et — 570 mpoeknust Ha BpeMs, U ABISAETCS MOTCHINAIb-
HOM (yHKIMEH, TO OHa (haKTUYECKH SKBHBAJICHTHA
3HAYEHHIO TaK Ha3bIBacMoro 3apsina. Ho 31ech BO3HH-
KaeT MapajioKc, CBSI3aHHBII C PAaCcXOXKICHHEM MEXAY
CTAaTHKOH ¥ TMHAMHUKOH B KJIACCHYECKOM 3IIEKTPOIUHA-
muke. 1 oH cBsi3aH ¢ TEM, UTO 3apsAJ BOCIIPUHUMACTCA
Kak HeKas CTaTWYecKas BEJIMYMHA, TAC MEPICHINKY-
JISIPHO OT €€ MOBEPXHOCTH PACXOIATCS CHIIOBBIE IMHUU
HaNpsOKEHHOCTH  3JIEKTPHYECKOTO  TIOJNIS,, KOTOpBIE

HAYMHAIOTCS Ha YCJIOBHO ITOJIOKHUTEIBHO 3apSHKEHHBIX
YacTHLaX, U OKAHYMBAIOTCS HA YCIOBHO OTPULIATEIILHO
3apsDKEHHBIX YaCTHIAX. 34€Ch HENOHATHO, Kak (OpMH-
PYIOTCS B CTaTHKE 3TH CHJIOBBIC JIMHUU U 32 CUET Yero,
1 KaK OHHU B3aNMOJACHUCTBYIOT? MOXKHO MPEIIIONI0KUATh
JBIKEHUE OOBEKTOB OT OJHOTO 3apsiia 10 JAPYroro ¢
BO3HHKHOBEHHEM U MCUE3HOBEHHEM, — a 0OpaTHO, Ka-
kM o06pazom? [TOHATHO, 4TO 37ieCh TaK)Ke NMeeM Ipo-
TUBOPEUHE C YPaBHEHMSIMH MakcBeia, M0 KOTOPBIM
NepeMEeHHOe MarHUTHOE MOJIe HAaBOJHUT INEPEMEHHOE
NIEKTPUUECKOE TI0JIE, 3 HAJIMYUE 3aps/IoB 1aBajo Obl
JIBY3HAYHBIH crocod 00pa3oBaHUS PACCMOTPEHHOTO
HaMU 3JeKTpuueckoro nois. Mcxons u3 HeBepHOU
MIPEATIOCHIIKH O CYIECTBOBAHHH CTaTHYECKOTO 3JJIEK-
TPUIECKOTO TIOJIS, HAUMHAIOIIErOCsI Ha ITOJIOKHUTEIb-
HOM 3apsijie U OKaHYMBAIOLIEMCSI Ha OTPHULATEIEHOM
3apsge, ObDIa TOMydeHa m3BecTHas  (opmyna

divD=p,/4n i

. OZIHAKO KCIIOIB30BAHNE YCOBEPIICH
CTBOBAHHBIX ypaBHCHI/Iﬁ MaKCBeJ'IJ'Ia, COOTBCTCTBYIO-
mux npeodpazoBanusM JlopeHna-MUHKOBCKOTO MO3-
BOJIMJIO HaWTH B JUHAMUKEC 3KBUBAJICHT O6IlIerI/IHH-
TOMY HBIHC TIOHATHUIO <«3apsia» 3a CUér y‘{éTa
MIPOEKIH Ha BpeMsd. [Ipu 3ToM MBI UMeeM TUHAMUKY
HpeO6p330BaHI/I$[ QJICKTPHUUICCKUX W MArHuTHBIX CO-
CTaBJIAIOLIMX JIPYT B Ipyra 0e3 BBeIeHUs KaKoH-1mbo
CTaTHUKH. OTCIOZ[a YUUTBIBASL 5KBUBAJICHTHOCTH, MBI
JOJDKHBI 3allMCaTh CICAYIOIIEC:

divD=p,/4n= jo /4n=div P/4n=(iec,c/ 4n)(OE, / Or) = (ieu/ 4m) (O, / or)

AHAJIOTHYHO JJI1 MAarHUTHOM COCTABJISIONICH:

divB=p, /4n= j, /4n=divM/4n=(ippn,c/4n)@H, | or) =[(i/ 4mp) /u](OE, /o)

31ech Hafo yYUTHIBATh, YTO €CJIM CHIIOBOE BO3-
JIEWCTBHE ICKTPUUECKOTO 3apsia Mbl MOXKeM (PUKCH-
poBaTh M3-3a npoekuuu E; Ha anuHy, TO BO3nelcTBHE
MarHMTHOTO 3aps/a MPOELUPYETCs Ha BpeMs, HOATOMY
€ro CHJIOBOE BO3/ICHCTBHE B IIPOCTPAHCTBE HE (UKCH-
pyeTcsl, a onpeAesieTcs] KOCBEHHO M3-3a HAJIMYHSA TIPO-
CTPaHCTBEHHO-BPEMEHHOT0 KOHTHHYyMa. He MBI sIBJIsi-
eMCsl «IIEepBONPOXOIIaMI» B HANMCAHWU YpPaBHEHUI
Maxkcgeina B TakoM Buze. Hanpumep, ananorudssii
BUJI 3aITCH OTHOCUTEILHO TOKOB MOXHO HaiTu B [10].
OpHako HEOOXOIMMOCTD TaK Ha3bIBAEMBIX JICKTpHUE-
CKUX M CTOPOHHUX MAarHUTHBIX TOKOB, OCOOEHHO ¢ MO-
3WIMH BBITIOJIHEHUs NpeoOpa3oBanuil Jlopenna-MuH-
KOBCKOTO ISl 2JIEKTPOMArHUTHBIX IOJEH, HE uMena

OOBsSICHEHHS, W MO3TOMY OBLIAa pedb O HAMYUHU TaK
HA3bIBAEMBIX (DUKTHBHBIX MAarHHTHBIX 3apsIOB H TO-
KOB. MBI jk€ PacKpbUIN JIOTHKY BOSHUKHOBCHHS ITHX
COCTABIITIONINX U HEBO3MOXKHOCTh UX UTHOPHUPOBAHUS
IPH PACCMOTPEHHUH IIOJIHOTO TMpOoIlecca B3amMOJCH-
CTBHSL, TaK KaK HHa4Ye BO3HHUKAJA HE3aBUCHUMOCTD DJICK-
TPOMarHUTHBIX MOJICH OT MPOCTPAHCTBA M BPEMEHH U3-
3a HemoJ4uHeHus1 npeoOpazoanusM JlopeHna-MuH-
koBckoro B cooTBercTBUU ¢ CTO u OTO DiiHinTeliHa,
a 3TO O3Ha4ajo Obl HEBO3MOXKHOCTH OOHAPY)KEHHUS UX
B MPOCTPAHCTBE M BpeMeHH. [[pUMEHUM K BEpXHUM
ypaBHeHHsM (32) oneparuio rot:

rotrotH =d(rotD) /ot +rot jz, rotrotE =—o(rotB)/ ot —rot jy, .

VZH —grad div H = —(ggouipto) (0°H/ 0t*) — (8) (0l / &) +rot e

BcmoMuuM, 9TO omepanus poTopa BOZHHKAET HE
«JyIOM», a CBS3aHa C B3aUMOJICHCTBHEM OOBEKTOB.
Torga, yunTelBasi CAMMETPHUIO U PABEHCTBO IPOTHUBO-

V2H + (en/ c?)(0°H/ 6t*) = grad div H — (eg,) (6], / ot) + rot jg .
V2E—(gu/c?)(0°E/ 6t%) = grad div E — (up,) (i / 6t) —rot j,, .,
VPH + (@ /) (O°H/ &%) = grad . H(Amiaps) - (280) @i /21) + 1Ot e
V2E+(en /) (0°E/ ot?) = grad e /(4mee,) — (upo) (e /08) ot jy,

(33)

HOHOX(HOCTeﬁ, MBI MOXEM HUJTHU HA YIIPOIICHUA, KOTO-
phI€ B IIETIOM HE BIUSIOT (B TaHHOM CITy4ae) Ha pe3yJib-
tart. OTCI0Z1a UMEEM:

(34)

(3%)
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W3 cucremsl ypaBHeHuil (35) BUIHO — HMeeTcA
CUMMETPHYHBIH BUJ JJISl 2JIEKTPUUYECKUX U MArHUTHBIX
COCTAaBJIAIOLINX, YTO 00ECIIEYNBACT OJMHAKOBBIE YCIIO-
BHUS U B3aMHOE BIIHMSHHE 32 CYET COCTABIAIOIINX JE U
ju . IIpnuém BhITECHEHHE TOKA Ha MOBEPXHOCTH IIPO-
BOJIHHMKA 00eCIeunBaeTcs 3a C4Y€T 1ot jg u rot ju . CyTh
(hM3UKM 3TOTO TpoIiecca OCHOBAaHA HA TOM, YTO MPSIMO-
JMHEHHOE JBIKEHHE O0BEKTa B OJHOW IPOTHUBOIIO-
JI0)KHOCTH, aHAJIOTUYHO BpPAIIaTeIbHOMY JIBIDKCHHIO B
Jpyrol NpOTHBOIMOJOXKHOCTH. A Tak kak mo (35)
MMEEM B3aUMHOE CHMMETPHYHOE IIpeoOpa3oBaHME
MPOTUBOMOJIOKHOCTEH B JUHAMHKE IPH BOJIHOBBIX
nporeccax, TO Hapsiiy ¢ MPSIMOIMHEHHBIM JIBIDKCHHEM

TOKa B Ka)k/I0W U3 MPOTHBOIIOJIOKHOCTEH TaK)Ke HMEEM
U KpyroBo€ JABMKEHHE TOKa B IUIOCKOCTH, NEPHECHIN-
KYJISIpHOM NPSIMOJIMHEHHOMY ABM>XKEeHHIO. HBIMU cI10-
BaMH I10JTy4aeTcsl ABMKEHHE JJIEKTPOHOB MO CIIHPAJIH.
Omcrooa u nonyuaemcsa ckun-3¢gpcpexm. B xiaccmue-
CKOH 3JIEKTPOJMHAMHKE IBITAIUCH MOJIYYUTh aHaJo-
THYHBIN BapHaHT, HEYTO IMOT00HOE OBLITO BEIPAXKEHO HA
OCHOBE BEKTOpP - MOTEHLHUAIOB. TO eCTh aHAJIOTHIO C
HaleH 3amnchio B KOMIUIEKCHOM BHAE C YIETOM Ipo-
BeAEHHOTO M (HepeHINPOBAHUS HEKOTOPHIX WICHOB
MOKHO HaWTH M B KIACCHYECKOH 3IEKTPOJUHAMUKE,
Hanpumep, B [11]:

VE+K’E=-M>; V?H+k?H=-M":

M’ =—iop,j-" + 1/ ioe,) grad div - —rot j*
M" =—we, " + U/ iop,) graddiv j*= —rotj™* .

(36)

VPE+K’E =iop, =" + 1/ ime,) graddiv >~ —rotj*~" .

VPH +k?H = iwe, j"" + U/ iop,) graddiv j*" —rotj- .

31ech nepBble 1Ba ypaBHEHUS — ypaBHeHus [ enb-
MT0JIbIIa OTHOCHTEJIFHO JIEKTPUUECKUX M MarHUTHBIX
noneil. M® u M™ — BekTopHbIe (PYHKIUH CTOPOHHHX
3MEKTPUYECKUX M MAarHUTHBIX TOKOB COOTBETCTBYIO-
He j1 U jo. MOXHO Tak)Xe YBHACTb AaHAIOTHIO MEXKIY
A, Ay, j-C, J"-°" 4 g, Ju. PasHuIIa JHIIL B TOM, 9TO MBI
3HAYCHUSI TOKOB Jg, jH , XapaKTEPU3YIOMIUX IBIDKCHIE
MPOTHUBOMOJIOKHBIX 00BEKTOB, U 3HaueHUs P 1 M, He
CBsI3pIBacM 00S3aTENBHO C TOKAMH W HAaIpsHKEHHO-
CTSAMH TIOJICH B Hamlel cucreMe HaOMIOJEHUS, a pac-
CMaTpuBaeM ypaBHEHHs, Kak OOIIMi XapakTep CBSI3U
MPOTHUBOMOJIOKHOCTEH B MUpo3aaHuH. OTMETHM, YTO
(U3UKM MHTYHUTHBHO MOJYYWIM HEOOXOIMMBIA BH[
ypaBHEHH, TPUOETHYB K TaK HA3bIBAEMbIM 3JIEKTPO-
JMHAMHYECKUM TIOTEHIManaM, He MOHAB (uiocod-
CKUH ¥ (pU3WYIECKHI CMBICHT 3THX YpaBHEHHHA. A CYTbh
ATHX YPaBHEHUI JIETKO OOBSCHSIETCS Ha OCHOBE 3aKOHA
0 MPOTHUBOMNOJIOKHOCTAX. VIHBIMU clI0BaMHU, KHHETHYe-
CKO€ TOCTYIATeNIbHOE JBHXKEHUE YacTHUIbl (a BCSKOE
JBIDKEHUE — 3TO H3MEHEHHE, M OHO CBSA3aHO C 0OMEHOM
4yepe3 MPOTHUBOIMOJIOKHOCTD), HAOIIOaeMOE B OJHON
MPOTHUBOMOJIOKHOCTH B BHAE YJI€Ha YpaBHEHHS HeTpe-
peiBHOCcTH [grad je/(4meeo)—(upo)(0je/dt)], u KoTOpoe
oTpaxaeT (GOpMyJy COXpaHEHUs] SHEPTHHU TIPH Npeoo-
pasoBanusx, 1aét (B coorBercTBUU ¢ CTO 1 OTO Ditn-
HITeHHA) TPOCTPAHCTBEHHO-BPEMEHHOE HCKPUBIICHHE.
370 e MoCTynaTeJIbHOE IBUKEHHE Ta&T OTBETHYIO pe-
aKIUIO B JIPYTOil MPOTHBOIOJIOKHOCTH M3-32 OOMEHa,
4YTo OYyZeT XapaKTepH30BAaTHCS 3aMKHYTHIM IBHXKE-
HHEM B BUjE —TOt jp, €ClM HAGIONEHHEe ATOTO IMPO-
Iecca peakiiy 1o oOMeHy MeXy HPOTHBOIOJIOKHO-
CTSIMU BECTH M3 Hallleil cucteMbl. B aTOM ciydae mpo-
THBOMOJIO’KHOCTH BBICTYIAIOT Kak euHoe 1ernoe. [Ipu
3TOM TIOJIy4eHHOE IPOCTPAHCTBEHHO-BPEMEHHOE HC-
KpPHBJIEHHE 3a CUET 3aMKHYTOTO JIBMDKCHHUS B JPYroi
MPOTUBOIMOJNIOKHOCTH, OyJIET XapaKTepru30BaTh MOTEH-
[IMaJIbHYI0 HEPTHI0. DTO SBJICHHUE IPUBOJIUT K TOMY,
YTO, HAMIPUMEP, ABWKYIIUICS TO3UTPOH B IIPOTUBOIIO-
JIO)KHOCTH CJIE/IyeT paccMaTpuBaTh B Hallel cHCTEMe
HaOMIOEHNUS KaK MPOTOH. EcTECTBEHHO 3/1€Ch yUHTHI-
BaeTcsi 0OpaTHO-IPONIOPUMOHANIBHASL CBSA3b MPOTHUBO-
nmoJiokHOCTe. U, Ha000pOT, B MPOTHUBOIIOIOKHOCTH

MBI OyZeM MMETh JBIXKYIIHUNCS MO3UTPOH BOKPYT aH-
THIIPOTOHA, KOTOPHII B IPOTHUBOIOIOKHOCTH OBLI IBH-
JKYIIMMCS IEKTPOHOM BOKPYT IpoToHa. OTcroza, mo-
IIBITKK Pa30UTh MPOTOH HAa HEKHE OOBEKTHl B BHUJE
KBAapKOB M IJIIOOHOB SIBJIAIOTCA aHTHHAYYHBIM ITOJXO-
oM. OnHaKo, ecliM TOYKY HAOIIONEHHS CMEHHUTb, C
yu€TOM HepapxuM MHPO3JaHHA, TO MBI JIBUKECHUE
9JIEKTPOHA BOKPYT TMPOTOHA, W JBIDKCHHWE MO3MTPOHA
BOKPYI' AHTHUIPOTOHA JOJDKHBI pPaccMaTpHBaTh Kak
9JIEKTPOMAarHUTHBIM ~ BOJIHOBOM  mporiecc  oOMeHa
MEXy IPOTHUBOIIOJIOKHOCTSAMH, TJie cocTanistonias H
XapaKTepU3yeT MPOIIEeCC Nepexo/ia U3 0JJHOM ITPOTHBO-
MOJIOKHOCTH B APYTYIO, a coctaBismomas E xapakre-
pH3YeT 3aMKHYTBII 00paTHBIN IPOIECC, TO €CTh UMEEM
aHAJIOI KUHETUYECKOU 3Hepruu. IMeHHo 3To Kak pa3 u
BBIpayKaeTcst 4Yepe3 MaTeMaTHIecKylo 3amuch (35).

C yuéToM YCOBEpIIEHCTBOBAHHBIX YpPaBHCHHH
MakcBeia Mbl MOKeM OOBSCHHUTH MOYEMY HOATOHKA
HOJ| pe3yibTaT B KIACCHYECKHX ypaBHEHMAX Makc-
BeJIa obecneymsia CXOJUMOCTh € TIPAaKTUKOH. YUTEM,
YTO TaK KaK Mbl yCTAHOBMJIM aHAJIOT 3apsAa B BUAE CO-
craBisironieil Et, To y4uThIBas paBeHcTBO j=[E, Mo-
JKeM 3alucaTh AaHaJOTMYHOE PaBEHCTBO B BHJE
je=[licE: . 3nech yuutbiBaetcs, uro Ky u Er — 3T0 mpo-
THUBOTIOJIOKHOCTH, M OHHM TaK)K€ CBSI3aHBI Yepe3 CKO-
pocTh cBeTa (CKOpocTh OOMEHa MEXAY IMpPOTHBOIIO-
JIOKHOCTSIMM) KakK JUIMHA U BpeMs, TO ecTb Ey=cE: .
WHBIMU CTOBaMH MBI IIPEICTABHIIIN 3aBUCUMOCTb CBSI3U
je u E¢ He yepe3 muddepeHuuansHoe H3MEHEHHE, a
HaTIpsAMYIO 4epe3 HOpMUPOBOYHEIN K03 duinent. Dta
3aBUCHMOCTb MMEET NPHOIVKEHHBINH XapakTep W NpH
pocTe 4acTOTHl HAOIIOJAeTCs aHOMAJBHBIN CKUH-3(]-
(eKT ¢ pe3KMM BO3pacTaHHEM COIPOTHBIICHHUS IPOBO/I-
Huka. OJHaKO HA MPAKTHKE TaKOE YIPOIICHHE JOMy-
CTHMO B CHIIy TOTO, YTO COIPOTUBJICHUE CBS3aHO C TEM,
YTO JIEKTPOH HE MOXKET MOTIy4aTh YCKOPEHHE MO JeH-
CTBHEM HaIPsHKEHHOCTH AIIEKTPHUYECKOTO T10JIs 110 Oec-
KOHEYHOCTH U TIPH COyAAapeHuH TepseT sHepruto. Ot-
CIO/Ia MOKHO FOBOPUTH O HEKOTOPOM CPEJHEM JBIKE-
HAM I 3JeKTpoHOB. Jlamee yuTéM, dYTO BCce
IIPOCTPaHCTBEHHO-BPEMEHHBIE TpeoOpazoBanust B (34)
MIPOHUCXOIAT C COOIIOAEHIEM COXPAHEHHUS KOJIMIECTBA
MEXAY NPOTHUBOIOJIOXKHOCTSIMH, a MHa4Ye OBbLIO 4Yyao
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BO3HUKHOBEHHMS M3 HUYETO, 110 aHajoruu ¢ (23) u (24).
IToaToMy B 3TOM cityuae Mbl OJy4aeM PaBEHCTBA:

V2H + (en/c?)(0°H/at?) =0. VZE+(en/c?)(6’E/ at?) =0

grad j, /(4mupg) — (e20) (@ / 0t) :O; rot jg :O;

@37)

grad je /(4meeo) — (upto) @l /) =0, —rotj, =0

OTCIO,Z[a Mbl UMEEM YpPaBHCHHC!:

grad jg /(4mee,) — (U, ) (O)g / 0t) =0 ;

grad(ic)(CE, / or) + (4inoee yuu,C) (OE, / ot) =0 :

(38)

((L/ 4noep) 1 ¢*)(0°E, / or*) = OE, ot

3meck pa3Huna ¢ BEIBOAOM B (11) B TOM, 9TO MBI
HE paccMaTpHBaeM PEaIbHYIO AJIEKTPHYECKYIO TPOEK-
o Buja E, Bmoms ocu y, a yunteiBaeM Kak ObI pac-
Npe/ielieHHe  BEIMYMHBI, OTpaXKalollleil MpocTpaH-
CTBCHHO-BPEMECHHOE HCKPHBJIICHHE IIPOIIOPIIHOHAI-
Hoe E;, or koroporo B cootBercTBUHM C je=[licE:
3aBHCUT 3HAUYCHHE TOKA. 3HaueHme E; m3-3a mpoexmmn
Ha BpeMsi He OTPaXKaeTcsl peajibHO B HAllleM IPOCTPaH-
CTBE, OJTHAKO €€ BO3JCHCTBUE OTpakaeT KOPITYCKYJIIIP-
HOe [BWKEHHE. JleMCTBUTEIbHO, €CIM 3HAYCHHE
uedn1/c? sxeuBanentHo (2Mo), TO €€ pelueHueM Mo-
)KeT OBITh HSKCIOHCHIWANbHAas (QYHKIMS BHUIA
exp[1/(2Mo)(Wt—pr)]. 3nauenue E; sBisiercst npoTHBO-
MOJIOXKHOCTBPIO K 3HAYCHUSAM DJICKTPUUECKOW HAarmps-
»EHHOCTH E, o KoopiMHaTaM JJIMHBI, U paHee MBI [0-
Kazanum B [2], YTO aHAJIOTOM BOJHOBOW (DYHKITUH
exp[i/(2Mo)(Wt—pr)], B OAHOH NPOTHBOMOIOKHOCTH
SBIISICTCS SKCIIOHCHINATIbHAS GyHKIHSA
exp[1/(2Mo)(Wt—pr)] B apyroi mpOTHBOIIOIOKHOCTH.
TonbpKO B 3TOM CiIy4ae MHUMas €IWHUIIA HE HapyIIaeT
YCJIOBUE COXpaHEHHs PaBHOTO KOJIMYECTBEHHOTO W3-
MEHCHHS TPOTHUBOIOIIOKHOCTEH TpH COOIIOICHUN
CMEHBI 3aKOHOMEPHOCTEl B IMPOTHBOIOJIOKHOCTSIX,
YTO SBISAETCS HEOOXOAMMBIM YCIOBHEM COXpAaHCHUS
Gananca npu ooMeHe. VlHaue pa3HHUIIBI MEXIy MPOTH-
BOIIOJIOKHOCTSIMH HEBO3MOKHO OBIITO OBI OOHAPYIKHTB.
OTcroa moJy4aeTrcs, 4YTo 3a CU4ET M3MEHEHUS BelH-
ynHbl E: B coorBercTBUU C (38), MMeeM oOTpaxxeHHE
JIBIDKCHHUSI YacTUIIBI B BHJAE ypaBHeHHs | aMHIIbTOHA
(12), m orcroma Jake MOXKEM BBIUHCIHTH CKOPOCTH
JIBIDKESHUS 3apsioB. Jlanee, eciin y4ecTb, YTO CKOPOCTH
0o0OMeHa MEXIy MPOTHUBOIOJIOKHOCTSIMHA PaBHBIE, TO U
3HAYCHHE 1Ot jE MOJDKHBI TaKXkKe OTOOpasuTh B BHIC
KOPIYCKYJIIPHOTO 3aMKHYTOT'O ABH)KEHHS, TaK KaK HC-
MOJIB3yeTCs o/1Ha U Ta ke QyHkuus E¢. [lorarHo, uto
IIPY KPYTOBOM JIBM)KEHHH 3apsiJI0B HEM30€KHO MOsIBIIE-
HUE IEHTPOOSIKHON CHIIBI, UYTO M MIPUBOJUT K CKHH-3()-
(exTy, a pacrpeerieHue OyIeT ONpeneNAThCs IPOTH-
BOIIOJIO’KHOM CHJION, CBSI3aHHOM C NoJspu3alueil B
MPOBOJIHUKE M CHJIOW OTTAJIKMBAHMS MEXIy 3JIEKTPO-
Hamu. [Ipu Hame# nHTEpHpeTaunu cKuH-3¢PeKTa mo-
JydaeT 000CHOBaHHE HAJIMYHE UHYKTUBHOCTH Y MPO-
BOJHHMKOB. MBI BHJHMM, YTO HCIOJb30BaHHE YCOBEp-
[IEHCTBOBAHHBIX YpaBHEHHI MakcBesia MO3BOJIMIIO
pemuTh npodiieMy ckuH-3QdexTa. bonee Toro, Mel He
CTOJIKHYJIMCh C TapajoKCaMH, KOTOpbIE IMOJYy4aInCh
NPY OIMCAaHUU CKMH-3()(EKTa B CiIyyae KIACCHUECKUX
ypaBHeHH MakcBesuia.

BriBoabt:

1. Tlpu omucanuu CKUH-dQPEKTa ¢ MOMOIIBIO
KJIaCCMYECKUX ypaBHeHHH MakcBema Obla ocy-
IIeCTBJICHA TIOITOHKA IO pe3yibTaT, 0e3 00BICHEHUS

¢usnku nporiecca. 1 6onee Toro cantaeM, 9To GU3NKa
nporecca CKUH-3(G(GeKTa YMBIIUIEHHO 3aMallduBallach,
TaK Kak IMOJTy4ajach XOpollas CXOAUMOCTb C MPAaKTH-
YECKUMU JaHHBIMU.

2. BeposTHOCTHAsI KBAHTOBas MEXaHHKa TAKKe HE
B COCTOSIHUM OOBSCHHUTH SIBJIEHHE CKHH-3((deKTa uc-
XOJIsl U3 HATMYHS 3JICKTPOHHBIX OpOHTaeH.

3. CxuH-3((heKT 00BSCHSIETCS TOJIBKO Ha OCHOBE
YCOBEpLICHCTBOBAHHBIX ypaBHEHHH MakcBenna, Tak
KaK B €r0 PEeIICHNH eCTh HAITMYUE POTOpa OT TOKa, Iep-
MIEHJUKYJSIPHOTO K HAIIPABJICHHIO JBUKEHHS, YTO 00b-
SCHACT (PU3UKY BBITCCHEHHS SJICKTPOHOB HA MOBEPX-
HOCTb NIPOBOJHUKA.
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This paper deals with induced voltage and its effects on the overhead transmission lines. Definition of induced
voltage and its 3 constituent parts is given. Various measurement methods of induced voltage in different ground-
ing networks are described, the most informative one is chosen and a comparative analysis of it is done.
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Introduction.

On demand of the municipal unitary enterprise
“Ryazan City Power Distribution Networks” (MUE
RCPDN), induced voltage lines are to be investigated.
The company has provided a list of 39 lines, line names
and electrical specifications. To carry out research on
each item from the list it is necessary to find out which
lines may fall under the definition “Overhead trans-
mission line under induced voltage”

The analysis of this effect should start with the
definition of this type of lines. According to the estab-
lished standards_the overhead line (OL) under induced
voltage is such a line and/or a communication overhead
line (COL) which pass along the full length of the op-
erating OL or its separate parts near the operating OL
or close to the alternating current contact network of the
electrified railway station, voltage of more than 25V
being induced on the de-energized OL in different cir-
cuits of their grounding when the working current on
the operating OL is the highest.

The lines with more than 25 V of induced voltage
should be determined on the basis of this definition.

What does the induced voltage represent and
what are its distinguishing features?

Induced voltage is the potential difference be-
tween the conductive parts of electrical installations
(overhead lines or electrical equipment of transforming
substations ) and zero potential point resulting from the
electromagnetic field effect of the operating equipment
on the electricity generating plants located in close
proximity to it.[1,2 ]

Induced voltage is characterized by 3 effect con-
stituent parts:

1. Capacitive effect. This is the effect which facil-
itates electric charge generation in the de-energized OL
being repaired due to the OL electric charge effect un-
der operating voltage. This impact is completely lost

after the de-energized line is earthed at least at one
point under weak resistance.

2. Conductive effect. This type of effect occurs on
the de-energized OL in case of a wire break of the op-
erating OL crossing the de-energized OL at the point of
their contact. Being quite uncommon, this affect is the
most dangerous one if contacting the grounded support
and machinery under high voltage.

3. Inductive effect. It occurs on the de-energized
OL of a longitudinal electromotive force (emf) under
the impact of the alternating magnetic field of the oper-
ating OL. Transverse capacitive_and active resistance
available causes “wire-ground” voltage. Inductive ef-
fect occurs on the ungrounded as well as ungrounded
de-energized OL.

Thus, it is the inductive effect which produces
voltage on the OL in any grounded circuits without de-
energized OL wires being earthed.
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Figure 1 shows inductive effect diagrams on the de-
energized OL with AB length.

Graphs a) and b) show induced voltage distribu-
tion on the ungrounded OL or grounded at the ends re-
spectively, graphs c) and d) —when the line is grounded
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at one end, graphs f) and e) — when the line is earthed
at one or more points along this line.

When the number of grounding points on the OL
changes, it is zero potential point position which
changes on it. It is this particular feature that industrial
safety rules (ISR) are determined by.

What risks does induced voltage involve?

This effect, though being uncommon, is consid-
ered to be more dangerous in comparison with running
voltage as safety devices fail to react against it. If an
employee dealing with this problem gets under induced
voltage, he will remain affected until he gets free from
it by himself or is evacuated. Under the running voltage
impact, safety devices work well enough and electricity
is switched off.

[*==-

Consequences of induced voltage effect for a per-
son are rather serious: life-threatening burning injury
sometimes even with fatal outcome. That’s why, it is
very important to observe safety rules while working
on the de-energized power lines.

In preparation for a workplace on the overhead
line, contact reliability of protective grounding with
phase wires and grounding electrodes should be paid
particular attention to. It is necessary to bear in mind
that in case of accidental contact loss (ungrounded
line), zero potential point may immediately change its
position and the voltage at the workplace may exceed
the allowed value. Therefore, to ensure safety at the
workplace it is advisable to install two grounding elec-
trodes in parallel.

|

Figure 2 shows the voltage at the workplace when the line is ungrounded.

The purpose of this study is to find_the safest and
most informative measurement method of induced volt-
age in the networks which are served by MUE RCPDN.

Work tasks.

1. To select induced voltage measuring techniques
for 10/0,38 KV networks

2. To choose induced voltage measuring devices
for 10/0,38KV networks

3. To make clear procedural instructions on in-
duced voltage measurement in 10/038KV network
served by RCPDN

Working line

Switchgear

Umax

Umax Umax

Theoretical considerations.

Induced voltage measurement must be performed
at the points where induced voltage values are the high-
est, namely:

-at the beginning and the end of the overhead line;

-at the division points of the double-circuit over-
head lines into single-circuit ones;

-at the points where overhead lines change their
position towards each other;

-at the transposition points of the de-energized or
induced OL (fig.3).

Working line

Switchgear

De-energize OL

Umax

Figure 3 shows induced voltage maximum values.

At the moment there are no clear instructions in
the established standards how to measure the induced
voltage. Besides, the definition “Induced Voltage lines”
contains some inaccuracy in particular in the part “in
different networks of their grounding”. Therefore, it is
the engineering personnel of the enterprises who is re-
sponsible for making measurement procedural instruc-
tions as well as doing preliminary calculations.

There are different ways of defining induced volt-
age, [1-4] Consider two most popular ones widely used
in electrical networks.

According to one of them measurements of in-
duced voltage on de-energized OL are carried out in a
usual mode of working line operation when power
transmission is at its peak.

When the de-energized OL and COL are passing
near some working lines, the main effect on the induced
voltage values is generally exerted by the lines which
are the nearest to the de-energized OL and COL, and in
some cases by more distant lines having the highest
load. [2, 4] Before measuring the overhead line, which
is intended to be measured, must be de-energized and
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grounded at the ends (in a switchgear-SWG) At the
points of disconnection all the three OL phases must be
earthed. In general, measurements on the de-energized
OL are performed when all the three phases at the
measuring points are simultaneously earthed, total port-
able grounding at the measuring points being connected
to one and the same earth electrode. (fig.4)

Sultchgear Swn:chgear

Disconected overhead Ime

lJ T
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Figure 4.

Induced voltage is calculated by the following for-
mula:

Working line

U- — U I " ho.
i.max. i.meas < | , (1)
t.0.

where — Uimeas, — measured induced voltage, V;

In.o— the highest current of the operating OL, A,

lto. — current of the operating OL at the time of
measurement, A.

This method is difficult to use because it requires
a more accurate definition of the impact of two or more
induced lines as well as a more clear definition of in-
duced voltage in each phase conductor. Besides, this
method does not guarantee the required level of safety
since, when the contact between the grounding conduc-
tor and the earth is broken, a strong current up to dozens
KA is generated at the moment of measuring.

Consider another measuring method of induced
voltage in different grounding networks [2, 3, 4].

OL is de-energized and grounded, portable
grounding at workplace is installed (for safety purpose
in preparation for a workplace), a switch and measuring
devices are installed on the dielectric mat at the distance
of 20 meters from the footing and other grounding de-
vices, a measuring electrode is embedded into the
ground, a network is set up.(fig.5)

Switchgear

Disconected
overhead line

Switchgear

Portable earthing

20-25m.

Figure 5 shows induced voﬁage measurement in different grounding networks.

Grounded test leads are connected to the OL wires,
portable grounding installed at the workplace is
switched-off, with the help of an insulated rod and a
switch test leads grounding is de-energized and their al-
ternate connection to measuring devices is established.
The circuit with the highest induced voltage values is
chosen from a number of grounded and ungrounded
wires and measuring device connections.

To determine the induced voltage value under dif-
ferent OL grounded and ungrounded networks the fol-
lowing mode of operation is established:

1. Grounding is disconnected in the second
switchgear (SWG) and the induced voltage measure-
ment is made according to the ungrounded circuit in the
second SWG;

2. Grounding is disconnected in the first SWG and
measurements on the ungrounded overhead line is
made with a kilovolt-meter;

3. Grounding in the first SWG is connected, in-
duced voltage measurements are performed according
to the ungrounded circuit in the second SWG;

Measurements on the overhead lines having more
than two SWG are carried out in the same way.

At the end of the measurement the maximum in-
duced voltage value Ui meas is calculated under the high-
est working current of the operating OL.

Ih.o.
i. meas |
t

U, o =Y,

I.max.

.0.

where — Uimeas, — Mmeasured induced voltage, V;

Inho— the highest current of the operating OL, A,

lto — current of the operating OL at the time of
measurement, A.

On passing the overhead line along some operat-
ing OL passageways:

U . =U

i.max. i.meas X |

where — Iz, is the sum of the maximum possible
current values passing along the operating OL, A.
which is calculated by the formula:
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where — Iz, is the sum of the maximum possible
measured current values passing along the operating
OL, A. which is calculated by the formula:

n
IZt.o. - le ., (5)
1=

To measure the induced voltage the second
method will be used as it is more informative and meets
safety requirements during the measurements.

—
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The research given will be helpful when making a
procedural instructions for the RCPDN personnel in-
volved in the field of electrical engineering.
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COMPUTER SYSTEMS MEASURE THE DISTANCE

Dudnik A.S.
Candidate of technical sciences, associate professor

Associate Professor of the Department of Network and Internet Technologies

ABSTRACT

Kyiv National Taras Shevchenko University

At the moment, wireless sensor networks are an important tool for researching the physical world. Their

importance is connected with new possibilities of use, due to such characteristics of the BSM, as the lack of the
need for cable infrastructure, miniature nodes, low power consumption, built-in radio interface, high enough com-
puting power, relatively low cost. All this made possible their widespread use in many spheres of human activity
in order to automate the processes of information gathering, monitoring, control over the characteristics of various
technical and natural objects. At the same time due to the limited resources of individual nodes for solving many
problems, the cooperative work of all nodes of the network is necessary for the achievement of the goal. One of
these tasks is the task of locating nodes in a wireless sensor network with self-organization. It consists in deter-
mining the coordinates of individual sensors without the use of external infrastructure. The problem of localization
has been researched in the past, as in many applications, information about the location of objects or people is
important, and a large number of systems have been developed to address them. The most famous of them is the
Global Positioning System (GPS). However, the GPS approach can not be applied to the BSM in connection with
its requirements for the availability of a large number of additional infrastructure (for example, satellites). In this
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study, it is proposed to apply a method of measuring the distance between objects, based on the measurement of
signal strength. The structural scheme of microprocessor frequency meter, which allows to implement the given
algorithm, is proposed. Future studies will explore some of the basic methods used by localization systems to
estimate distances / angles. These methods include RSSI, ToA / TDoA, AoA, and communication ranges. The
distance / angle estimation, identifies the distance or angle between the two nodes. Such assessments form an
important component of localization systems, because they are used by position calculations, as well as by the

localization algorithm.

Keywords: Wireless sensor network, localization, distance, microprocessor power meter, error.

The issue of this article is the study of a wireless
sensor network in which it is proposed to use a micro-
processor power meter that measures the power of sig-
nal reception as a magnitude that is the proximal dis-
tance between the objects of the sensor network.

Analysis of recent research and publications.

Issues of the study of information-measuring sys-
tems, including the study of technologies for modeling,
control and interaction of computerized systems for
measuring mechanical quantities (in particular, the dis-
tance between objects), are devoted to the work of mod-
ern scientists, among them:

- works [1-3], which are devoted to the measure-
ment of the distance to the means of measuring equip-
ment;

- works [4-8], devoted to the measurement of dis-
tance by means of wireless sensory networks;

- works [9-13], which, in addition to measuring the
distance, are also devoted to the analysis of the charac-
teristics of the sensory networks themselves.

In the paper [1], it is proposed to use the Internet
to control the measuring head, but in the analysis and
correction of the measurement results, the Internet does
not take part. The content of work [2] is devoted to the
development of analog interfaces of information meas-
uring systems, but it does not consider the means of in-
creasing their productivity. In [3], this refers to the cor-
rection of measurement errors through the information-
measuring system, but it is proposed to use cable com-
munication. In work [4] a general overview of existing
technologies of sensor networks is conducted and only
their weaknesses are analyzed. In papers [5, 6] locali-
zation algorithms are considered which can improve
the process of measuring the distance between objects.
The works [7, 8] consider the existing problems of the
integration of sensor networks and the ways of their so-
lution. Works [9-13] describe the localization methods
used by satellite navigation systems, in particular, [13]
also refers to energy-saving technologies for sensor
networks.

Allocation of unresolved parts of a common
problem.

In this paper, it is proposed to consider recommen-
dations for the improvement of the technical character-
istics of wireless sensor networks through the addi-
tional use of microprocessor power meters in the de-
vices of the network. In order to improve the accuracy
of the measurement.

The research objective is:

e Analysis of the distance measurement method
based on the signal strength;

o Development of the principle of measuring
power microprocessor and its block diagram.

Statement of the main material

Localization systems can be divided into three dis-
tinct components:

1. Distance or angle estimation: This component
is responsible for assessing distance information and /
or angles between two nodes. This information will be
used by other components of the localization system.

2. Positioning calculation: This component is re-
sponsible for calculating the position of the node, based
on available information of distances / angles and posi-
tions of nodes of the reference information.

3. Algorithm of localization: this is the main com-
ponent of the localization system. It determines how the
information available will be processed so that all or
almost all of the BCM nodes evaluate their positions.

In addition, each component has its own purpose
and methods of decision. They can be considered as un-
der the localization area of the problem, which should
be separately analyzed and studied.

Methods of determination of coordinates. The
distance / angle estimation, identifies the distance or an-
gle between the two nodes. Such assessments form an
important component of localization systems, because
they are used by position calculations, as well as by the
localization algorithm.

Different methods can be used to evaluate such in-
formation. Some of them are very precise, but with an
additional cost of equipment, while others are less ac-
curate, but are already available on most nodes.

The following sections will examine some of the
main methods used by localization systems to estimate
distances / angles. These methods include RSSI, ToA /
TDoA, AoA, and communication ranges.

Method of determination of coordinates on the
basis of measuring signal strength. The most simple
method of determining the range to the node is the in-
dication of the received signal strength (Received
Strength Signal Indication, RSSI). RSSI - in telecom-
munication, a device for measuring the signal strength
level. The simplest circuits are designed to accept the
input signal and form the analog output voltage (or the
corresponding digital code obtained after applying this
voltage to the ADC), proportional to the power of the
received signal. You can use this metric to estimate the
distance to the transmitter (from cell phones to the base
station).

As a rule, the signal is measured at intermediate
frequencies before the amplifier (for example, in cellu-
lar phones and other GSM devices). In devices that op-
erate without intermediate frequencies, measurements
are made at the main frequency [2].

Any wireless channel according to IEEE 802.15.4
(ZigBee) has a link quality indicator (Link Quality In-
dicator) function, which reduces to determining the



66

Sciences of Europe # 28, (2018)

power of the received signal. The result of this meas-
urement can be deduced, calibrated at a known distance
and estimate the range to the source.

As shown in Figure 1, the node sends a signal with
a certain force, which is reduced, as this signal is mul-
tiplied. The greater the distance to the receiver node,
the lower the signal strength, at the receiver node.

......

Communication Range

Figure 1. Reducing signal strength. The signal is sent with a certain power that decreases, theoretically, in
proportion to the length of the distance

Traffic loss in distribution is best described by the
model of losses on the free-propagation trail. The loss-
free model on the free path assumes that the transmit-
ting antenna is isotropic, that is, the transmitter emits
energy of equal intensity in all directions, and there are
no objects on the propagation pathway between the
transmitter and receiver that could block the signal or
create conditions for it. reflection It is also assumed that
the transmission medium does not absorb energy.

The power received by the receiving antenna in
the free space model is determined by the Friss formula
for free space [3]:

P,G,G, A’
41d)?L’
(41ld) @

where P is the power transferred, P, (d) is the re-
ceived power, which is the function of the distance be-
tween the transmitter and the receiver, Gt is the gain of
the transmission antenna, G is the gain of the receiving
antenna, 4 is the signal wavelength, d is the distance be-
tween the transmitter and the receiver and L is the non-
proliferation system loss factor.

One can see that the power of the received signal
is back proportional to the square of the distance be-
tween the transmitting and receiving antennas. Conse-
quently, if the distance between the transmitter and the
receiver increases, the power of the received signal de-
creases. Equation 1 can be written as follows:

P.G,G, A* (dﬂ)z
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where do - the marginal distance for the distant an-
tenna area. Loss on the track, PL (d) is the signal loss
between the transmitting and receiving antennas and is
defined as:

(41‘]d0)2L) (d )
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This method has a number of significant con-
straints, since the signal level is a very variable param-
eter due to the influence of the following factors:

e Fast and slow damping of signals on the route
due to changing conditions of radio wave propagation;

e Multi-beam propagation, due to reflections
from various metal objects;

o Distribution of output power of transmitters
and sensors of receivers;

e The influence of the antenna orientation on the
irregularity of the directional diagram.

Also, this method, like others, has certain ad-
vantages and disadvantages. The main advantage is the
low price, because most receivers are able to estimate
the received signal strength.

The disadvantage of this method is that it is very
subject to distortion and interference, resulting in
higher errors in distance estimates. Some experiments,
display errors from 2 to 3 m in scripts, where all nodes
are placed in the field of the plane, 1.5 m from the base,
and with a range of communications of 10 m [4].

Although RSSI shows some results in simulations
and experiments, its use in real applications is not al-
ways justified. But, considering its low price, the use of
this method has certain advantages. When using sophis-
ticated and precise devices (for example, with better
transmitters), RSSI is the most affordable distance /
cost estimation technology.

To measure the power of the received signal of
sensor network it is necessary to conduct current and
voltage measurements. Most simply, schematically,
this is realized by connecting current and voltage sen-
sors through an ADC to a microcontroller, which mon-
itors the instantaneous values of current and voltage at
discrete moments of time. The accuracy of the meas-
urements increases with the increase in the sampling
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rate, which in turn leads to software complications,
since signal processing (filtration, averaging) is carried
out in real time. In addition, the lack of such systems is
their relatively high cost.

An example of a power converter is the AD7750,
a product-to-frequency converter , with an error of less
than 0.3%, developed by Analog Devices. Figure 2
shows the block diagram of the AD7750 chip.
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Figure 2 — The structural diagram of the transmitted and received power measurement device

The inputs of the current and voltage channels are
differential. Each input is designed for a voltage of not
more than 1V. The current channel to which the re-
ceived power is given - P, (d), has an amplifier with a
variable gain of G (1 or 16) simulating the receiving
antenna, the voltage channel to which the transmitted
power is fed — Py, contains an amplifier with an ampli-
fication factor G; = 2 simulating the transmitter an-
tenna. After amplification, both signals transform ADC
into numeric code and multiply. The high-frequency
components are filtered by a digital low-pass filter LPF,
then the power code is fed into the frequency converter
(Digital to Frequency Converter, DTF).

To reduce the power measurement error due to the
presence of a constant current component in the neutral
wire, you can enable the current filtration mode with
the high-pass filter HPF.

Conclusions and suggestions

The application of the method of measuring the
distance between objects, based on the comparison of
the power of the sent and received signal is substanti-
ated.

The structural scheme of the device for measuring
the power of the sent and received signal is proposed.

In further research, the distance measurement
method based on the phase measurement will be pro-
jected, and the time of sending and receiving the signal
is compared with the use of an ultrasonic pulse.
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[MpoanainizoBaHO Cy4yacHUI PUHOK ITPUCAJIOK JI0 TTaJIHBa Ta PO3pO0IEHO KOMIIOHEHTHUI CKIIaJl MAIMBHUX J10-

0aBOK Ha OCHOBI MOBEPXHEBO-aKTUBHUX PCUOBHH Ta AHTHOKCHIAHTIB. Bysio po3pobieHo psia 100aBoK, ki CKiia-
JIAIOTHCSI 3 AaHTHOKCHJAHTIB Pi3HOT XiMIYHOI IIPUPOIM Ta MOBEPXHEBO-aKTUBHUX peuoBHH. [lamuBHa nobaBka 3a
CBOTM KOMITOHEHTHUM CKJI3JIOM € POCIMHHOT'O ITOXO/PKEHHSI 1 010JI0TIYHO PO3KIaIaeThes. Briepiiie 010 oTpuMaHo
KOMIIO3HUIIiiHy 6araToQyHKI[iOHATbHY IPUCAIKY 10 OCH3UHY, SIKa CKIIAZA€ThCS 3 aHTHOKCHJIAHTIB 3 Pi3HOIO Tep-
MIYHOIO CTaOLIBHICTIO, 1 MIATBEPIPKEHO CUHEPTI3M iX Jii. BusBieHo, 1110 BUKOpUCTaHHS 100aBOK Y BU3HAUEHOMY
Jiara3oHi 3Ha4eHb MOKpallye eKCILTyaTalliifHi Ta eKoJIoriuHi BiacTuBocTi nanuBa. KonnenTpauis okcuny Kap-
6omny (II) CO 3umxyetsest Ha 4-10 %, BmicT ByriieBoauiB CxHy — Ha 3-6 %. OTprMaHO 3MEHIICHHS CIIOKHBaHHS
nanuBa Ha 3-5 %.

ABSTRACT

It was developed some series of additives, which consist of antioxidants of different chemical nature and
surfactants. This technology is a fuel additive of vegetal origin and biodegradable, thus resulting in a renewable
and inexhaustible source of energy due to its vegetal origin. For the first time, it was obtained the multifunctional
fuel additive that consists of antioxidants with different thermal stability and it was determine the synergetic effect
of their action. It was found that using of the additives in determined volume diapason significantly improves
operational and environmental properties of fuels. The concentration of carbon monoxide (1) CO reduced by 4-
10%, total hydrocarbons CxHy- by 3-6%. There was also a reduction of fuel consumption by 3-5%.

Karo4osi cjioBa: aBToOMOOUIBHUI 6CH31/IH, Mnpucaak, aHTUOKCUAAHTH, HOBerHGBO-aKTI/IBHi PCUOBHHHU, BU-
TparTa InajJuBa.

Keywords: automobile gasoline, additives, antioxidants, surfactants, fuel consumption.
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PROBLEM STATEMENT. The reduction of
global oil reserves and high prices on traditional motor
fuels and the ever-increasing requirements to exhaust
emissions of engines require measures to reduce the
consumption of petroleum products and improve their
quality. Most fuels such as gasoline, kerosene (jet fuel),
gas oil (diesel fuel) and fuel oil have drawbacks which
do not allow their long term storage, make difficult
transportation and even usage. About 20 properties of
fuels can be improved, maintained or imparted new
beneficial characteristics by adding of small amounts of
certain chemicals named fuel additives.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS. Rapid growth of the cars fleet and
its inconsistency to current European standards cause
increasing of energy consumption and, consequently,
cause air pollution by emissions of carbon monoxide,
nitrogen oxide, hydrocarbons, etc. Therefore, the prob-
lem of reducing the negative impact of transport on the
environment is of high importance. Among the existing
methods of reducing the concentration of harmful ex-
haust gases emissions of internal combustion engines
that run on gasoline, one of the most promising is the
use of additives to fuel (Nikitina et al., 2010) [1, p.6].

Fuel additives are added in very small concentra-
tions: from several ppm to several thousands ppm. It is
important that additives which improve some proper-
ties should not deteriorate other properties of fuels and
its quality in general. The main types of additives, which
are used in hydrocarbon fuels, are showed at the table 1.

Fuel additives are organic substances soluble in
fuels: antifoams, anti-icing additives, anti-knock addi-
tives, antioxidants, antistatic additives, anti-valve seat
recession additives, biocides, cetane improvers, com-
bustion chamber deposit modifiers, corrosion inhibi-
tors, demulsifiers, deposit control additives, detergents,
diesel fuel stabilizers, drag reducing agents, dyes and
markers, leak detector additives, lubricity improvers,
metal deactivators, and wax anti-settling additives.

Fuel additives are chemical substances that are
added to gasoline, diesel and other fuels to impart or
improve some properties (Danilov, 2000). It is known
several types of widely used additives such as:

- octane-enhancing additives (improve octane rat-
ings);

- anti-oxidants (inhibit gum formation, improve
stability);

- metal deactivators (inhibit gum formation, im-
prove stability);

- deposit modifiers (reduce deposits, spark-plug
fouling and preignition);

- surfactants (prevent icing, improve vaporiza-
tion, inhibit deposits);

- reduce NOx emissions;

- freezing point depressants ( prevent icing );

- corrosion inhibitors (prevent gasoline corroding
storage tanks);

- dyes (product colour for safety or regulatory
purposes ).

The main types of additives, which are used in hy-
drocarbon fuels, are showed at the table 2.

Leading players of this industry have been profiled
with their recent developments and other strategic in-
dustry activities. These include, The Lubrizol Corpora-
tion (U.S.), Innospec Inc. (U.S.), Afton Chemical Cor-
poration (U.S.), Infineum International Ltd (U.K.), Fuel
Performance Inc. (FPS) (U.S.), BASF Corporation
(Germany), Cerion Energy (U.S.), Chevron Oronite
Company LLC (U.S.), Cummins Filtration Inc. (U.S.),
Chemtura Corporation (U.S.), Total Petrochemicals
and Refining (France), Evonik Industries AG (Ger-
many), Dorf-Ketal Inc.(India), and Albemarle Corp
(U.S)).

Innovation is an on-going requirement in the fuel
additives business, often driven by legislation which
changes the specification of fuels (not only automotive
fuels) or demands the use of higher quality fuels. Re-
duction of sulfur content in middle distillate fuels, for
example, has led to the need to develop lubricity addi-
tives to protect diesel injector pumps. In another in-
stance, there may be the need to develop a new and en-
hanced multi-functional additive package (possibly in-
cluding novel additive components) to enable vehicle
fuel economy to be improved while minimizing the
emission of regulated exhaust pollutants. Growth in the
demand for diesel exhaust particulate filters, for exam-
ple, has spurred the development of fuel borne catalyst
additive products to assist on-board filter cleaning, or
regeneration, of the particulate filter.

To avoid peroxide production after the refinery
process a specific antioxidant additive should be added
on fuel. The antioxidants generally used are based on
hindered phenols in a range of concentration 10-20 mg/
ml (M. Bernabei et al., 2000) [2, p. 235-241].

Antioxidants (inhibitors of fuel oxidation). Gaso-
line, jet fuel and diesel fuel contain unstable unsatu-
rated hydrocarbons (olefins and diens) which can poly-
merize and form gums. The gums are carried forward
into the engine system, and can lead to its malfunction-
ing and breakdown. In addition, olefins and diens con-
taining in gasoline react more readily with dissolved
oxygen than the other classes of hydrocarbons. The
chain of oxidation reactions can result in formation of
hydroperoxides (ROOH) and peroxides (ROOR") in
fuels [4, p. 56-60].. They are highly oxidizing agents
resulting in increase of corrosiveness of fuel. Such
problems (to stabilize the fuel and reduce the tendency
for gum to form) can be avoided by injection of antiox-
idant chemicals. An antioxidant is a molecule that in-
hibits the oxidation of other molecules.

Oxidation can produce free radicals which can
start chain of oxidation reactions in fuels. Antioxidants
work by interrupting this chain of reactions (removing
free radical intermediates), preventing the formation of
hydroperoxides, peroxides, soluble gums, or insoluble
particulates.
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Table 1
Types of additives to hydrocarbon fuels
Type Treat Level
Wax anti-settling additives 100-200 mg/kg
Antifoam additives 2 - 10 mg/kg
Anti-valve seat recession additives 100 - 200 mg/kg
Pipe line drag reducing agents 2 - 20 mg/kg
Diesel detergency additives 10 - 200 mg/kg
Demulsifiers 3-12 mg/kg

Diesel flow improvers

50 - 1000 mg/kg

Deposit control additives

100 - 1000 mg/kg

Lubricity improvers

25 - 400 mg/kg

Anti-static additives 1 - 40 mg/kg
Diesel stabilisers 50 - 200 mg/kg
Anti-icing additives 0.1-2vol %
Corrosion inhibitors 5 - 100 mg/kg
Combustion chamber deposit modifiers 50 - 400 mg/kg
Metal deactivators 4 - 12 mg/kg
Anti-oxidants 8 - 100 mg/kg
Dyes 2 - 20 mg/kg
Lead anti-knock additives 0.15 g Pb/lI max

Cetane improvers

100 - 1000 mg/kg

Antioxidants do this by being oxidized themselves
instead fuels. Antioxidants are often reducing agents, such
as hindered phenols, aromatic amines and diamines, or
mixtures of aromatic diamines (e.g., phenylenediamines)
and alkyl phenols. Antioxidants became more important in
the 1970s when increased the concentrations of olefin
compounds in fuels. Antioxidants are the biggest gasoline
additives. They are also used in aviation gasoline, jet fuel,
diesel fuel, and biofuel Prior to now antioxidants were in-
jected as close as possible to producing of fuels at oil re-
fineries [5, p. 201-210]. However, nowadays it is clear that
nothing to hurry to inject them.

So, the analysis of the literature has showed the ex-
pediency of developing multifunctional additives for hy-
drocarbon fuels which would improve their physical and
chemical properties, prevent the formation of deposits,
and promote energy conservation and air quality improve-
ment.

The purpose of the research is to investigate the in-
fluence of multifunctional additives based on antioxidants
on hydrocarbon fuels characteristics.

EXPERIMENTAL PART AND RESULTS
OBTAINED. Antioxidants significantly slow down the
fuel degradation process. According to their mode of ac-
tion, antioxidants could be classified into various groups:
free radical terminators, metal ion chelators capable of cat-
alyzing lipid oxidation, or as oxygen scavengers that react
with oxygen in closed systems. Free radical terminators
are considered primary antioxidants, which react with high
energy lipid radical sand convert them into thermodynam-
ically more stable products. Phenolic antioxidants (AH)
are recognized as free radical terminators and these are
mostly used antioxidants. Secondary antioxidants work by
impending the rate of chain initiation by decomposing the
hydroperoxides (I.M. Rizwanul Fattah et al., 2014.) [3, p.
356-370].

Table 2
Composition of Multifunctional additives

Ne Antioxidants Surfactants
1 | 2,6-ditretbutyl-4-methylphenol Non-ionogenic:
2 | N-Methyl-N,N-bis-(3,5-di-4-tretbutyl hydroxybenzyl)amine 1) Ethoxylated fatty alcohol
3 | 2,2’-Methylene-bis-(4-methyl-6-tretbutylphenol) (R=C,-Cy)
4 | 4- isononyl -2-(aminomethyl -3",5"-dytretbutyl- 4’-hydroxyphenyl)phenol 2) DEA of rapeseed ol
5 | 4,4"-Dioktyldiphenylamine R= Cl_z'cls)

lonogenic:

Ammonium oleate

It was developed some series of additives, which
consist of antioxidants of different chemical nature and
surfactants (tabl. 2) [6]. It is important that these surfac-
tants are made of renewable sources. This technology is a
fuel additive of vegetal origin and biodegradable, thus re-
sulting in a renewable and inexhaustible source of energy

due to its vegetal origin. Usage of these additives to gaso-
line is an effective method of preventing formation of de-
posits in the fuel system, and preserving factory engine
setting, and eliminates the pollutants emissions.

It has been selected a number of antioxidants, which
differed in thermal stability (Tabl. 3).
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Table 3

Thermal stability of antioxidants of different chemical classes

. Temperature of losing mass, °C
Ne Name of antioxidant 0% 50 %%
1 2.6-ditretbutyl-4-methylphenol 110 140
2 N-Methyl-N,N-bis-(3,5-di-4- tretbutylhydroxybenzyl) amine 195 230
3 2,2"-Methylene-bis-(4-methyl-6-tretbutylphenol) 215 254
4- Isononyl -2-(aminomethyl -3",5 -ditretbutyl- 4°-
4 g h(ydroxyphenil/l)phenol g 203 287
5 4.4"-Dioktyldiphenylamine 205 290

Besides, the effect of additives on the combustion
processes has been studied. Reaction of cold flame oxida-

e LR aRE
Ll Ll

L Ll

Temperature ,relun.

tion for samples of gasoline A-95, with developed addi-
tives (0,5 % vol.) is presented on graphs (Fig.1) [7, p. 12-

Temperature ,rel un

Figure 1 — Reaction of cold flame oxidation for samples of gasoline A-95, with developed additives (0,5 % vol.)
(1 - 2.6-Ditretbutyl-4-methylphenol; 2 - N-Methyl-N, N-bis-(3,5-di-4-tretbutylhydroxybenzyl)amine; 3 - 4,4 -
Dioktyldiphenylamine)

It was observed that the induction period of fuel de-
pend on the thermal stability of antioxidants. The higher is
the stability of antioxidants — the higher induction period.
This, in turn, contributes to the completeness of combus-
tion and lower exhaust emissions. The effect of additives
on the combustion processes has been studied.

CONCLUSIONS. The results of the research con-
firmed that the additive for fuels that contains 4,4'-Dyok-
tyldyfenilamin as an antioxidant in the amount of 0,1 %
vol. increases the induction period from 1,45 seconds to
2,25 seconds. According to these results the components
of the hydrocarbon fuel additive were chosen (Roik et al.,
2014). Laboratory studies of gasoline grade A-95 without
and with different concentrations (0.01%, 0.05%, 0.1%,
0.15% vol.) of additives showed that the basic physical
and chemical performance of gasoline meets standard
Ukrainian requirements. In addition, it was found that us-
ing of the additives in determined volume diapason signif-
icantly improves operational and environmental properties
of fuels. The concentration of carbon monoxide (1) CO
reduced by 4-10%, total hydrocarbons - by 3-6%. There
was also a reduction of fuel consumption by 3-5%. This
allows us to modify the fuel with the improvement of its
operational and environmental properties. So, the analysis
and research has showed the expediency of developing
multifunctional additives for hydrocarbon fuels which
would improve their physical and chemical properties,
prevent the formation of deposits, promote energy conser-
vation and air quality improvement.
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