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IIpenucioBue

Ilentp Hay4HOro coTpyaHudecTBa «lIHTEpaKTHUB
ILTIOC» COBMECTHO ¢ DeiepaIbHbIM rocy 1apCTBECHHBIM
OIOJDKETHBIM 00pPa30BaTEIIbHBIM YYPESKICHHEM BBIC-
mero oOpasoBaHus «UyBamICKWil TOCYNapCTBEHHBIN
yHuBepcuteT uM. .H. YibsgH0Ba», AKTFOOMHCKUM pe-
THOHAIBGHBIM TOCYJapCTBEHHBIM YHHUBEPCUTETOM HM.
K. )Ky6anoBa 1 KbIpreI3cknM 3KOHOMHUYECKAM YHHBEP-
cuteToM UM. M. Prickys6ekoBa peacTaBisiioT COOpPHUK
MaTepuanoB 1o uroram V MexayHapoIHOM Hay4dHO-
npakTrdeckor koH(pepenimn «Hayka, o0pa3oBaHue,
00111eCcTBO: TeH/IEHIUH U MEPCNEeKTUBBI PA3BUTHSD».

B cOopHuKe mpencTaBieHBl CTaThbH yYaCTHHKOB
V MexayHapoaHOH HayYHO-IPAaKTUYeCKOH KOH(EpEHIIUH, TOCBALICHHbIE
MPUOPUTETHBIM ~ HAIMPABICHUSIM ~ Pa3BUTHS  HAayKd ¥ 00pa3oBaHUS.
B 155 myOnukarnusx IByX TOMOB HAIIUTH OTPaKEHUE PE3YIbTAThl TEOPETH-
YECKUX U IMPUKJIAJIHBIX U3bICKAaHUH NpeAcTaBUTeNel HayqYHOTro U 00pa3oBa-
TEJIBHOTO COOOIIECTBA B JAHHON 00JIacTy.

ITo conmepkanuro MyOIMKAIUU TIEPBOTO TOMA pa3AeiICHBl HA OCHOBHBIC
HalpaBJIeHUS:

. bBuonoruueckue Hayku.

. Teorpaduueckue Hayku.

. EcTecTBeHHBIE HAYKH.

. Uctopus u nonuronorus.

. MeauuuHcKre HayKH.

. Hayku o 3emue.

. Ilenaroruxa.

. lIcuxonorwus.

. CenbCKOXO034HCTBEHHbBIE HAYKH.

10. Comuonorus.

11. TexHuueckue HAyKH.

12. ®unonorus U TMHIBUCTUKA.

ABTOpCKHI KOJUIEKTUB COOpHUKA MPEICTABICH MIUPOKON reorpadueii:
ropogamu (Mocksa, Cankr-IletepOypr, AGakaH, ApxaHreiabck, AcTpa-
xaHb, banamos, bapuayn, benropon, Bnagusoctok, Bonrorpan, Bonorna,
Boponex, ExkarepunOypr, Enadyra, Enen, XKykosckuii, Upkytck, Kazansb,
Kamunaunrpan, Kemeposo, Kpacaonap, Maragan, Marautoropck, Maiikorr,
Hab6epexusie Yennsl, HikneBapToBck, HoBocubupck, Omck, Opén, Open-
Oypr, Ilepmb, PocToB-na-Jlony, Ps3ans, Camapa, Capanck, Capatos, Cese-
pomopck, Cumdepomons, CraBpononb, Cymak, Cypryt, Tomck, Yibs-
HOBCK, Yda, XaOapoBck, XanTel-MaHcuiick, YeOokcapsl, YemssOWHCK,
Uura, [laxTsl, laxyHss, Dnucta, DHrensc, SAkyTck) u cyobekToM Poccun
(Kpacnostipckwmii kpait), Pecrryonukn Benapycn (Moruie) u PecryOnuku
Kazaxcran (Anmatel, ActaHa).

Cpenu o00pa3oBaTelbHBIX YUYPEXKIECHUH BBIICIAIOTCA CIEAYIOIINe
TPYNIBL: aKkafeMUyeckue yupexaeHus (AKagemMus MapKeTHHra M COLH-
anpHO-MH(opMannoHHBIX TexHoioruit — MMCUT, Axamemus mnpasa
u ynpasinenus ®CHUH, Bonrorpanckas akagemus MBI Poccuu, Poccuii-
CKas axkaJeMHs HapOTHOTO XO3SiCTBA M TOCYNapCTBEHHOH CITyKOBI
npu Ilpesunentre P®, Cauxt-IletepOyprckas ropuiauyueckas akaaeMus),
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YHHMBEPCUTETHI M HHCTUTYTH Poccun (AnTalicKuii rocy1apCcTBEHHBIH Ie/ia-
TOTUYECKUN YHUBEPCHUTET, ACTPaXaHCKUN TOCYAapCTBEHHBIN YHUBEPCH-
TeT, baiikanbCKuil rocy1apCTBEHHBIN YHUBEPCUTET, balllkupckuii rocyaap-
CTBEHHBII arpapHbli YHUBEPCUTET, benropoackuil rocynapcTBEHHBIN
HallMOHAJIbHBIN UCCIIEI0BATENbCKUNA YHUBEPCUTET, Bi1aIuBOCTOKCKHI TrOCy-
JTApCTBEHHBI YHUBEPCUTET SKOHOMHKHU U CepBHCca, Bragumupckuii rocy-
napctBeHHbIN yHUBepcuTeT uM. A.I'. u H.I'. CroneroBbix, Boarorpaackuii
roCyJapCTBEHHBI COLUAJIBHO-IIEAATOTUYECKUN YHUBEpCUTET, Bonoroa-
CKHUH TrOCYJlapCTBEHHBIH YHHUBEPCUTET, BOpOHEXKCKUM rocynapCTBEHHBIN
YHHUBEPCUTET HH)KECHEPHBIX TEXHOJIOTHUI, BOpOHEKCKHIT TOCY TapCTBEHHBIN
yYHHUBepCUTET, [ ocyaapcTBEHHbIM YHUBEPCUTET yIpaBieHus, JJoHCKoi rocy-
JApCTBEHHBI TEXHUYECKUH YHUBepcUTeT, Enenkuil rocynapcTBEHHBIN
yauBepcuteT uM. M.A. Bynuna, 3a0aiikanbCckuil TOCy1apCTBEHHBIN yHU-
BepcuteT, Kazanckuii ([IpuBosmkckuil) ¢enepanbHbli yHUBepcHuTeT, Ka-
3aHCKHUU rOCYAapCTBEHHBIM SHEpPreTHUeCKuil yHuBepcuTeT, KazaHckuii nH-
HoBanMOHHBIN yHuBepcuteT uM. B.I'. Tumupsacosa (UDVYII), Kanuuun-
IpaJiCKU rocy1apCTBEHHBIN TEXHUUECKUH yHUBepcuteT, Kanmblikuii rocy-
JmapcTBeHHBIN yHUBepcuTeT uM. b.b. T'oponoBukoBa, KemepoBckuii rocy-
JIapCTBEHHBIN yHUBEpCUTET, KpbIMCKUI HHKEHEPHO-TIe1ar OTMYECKUI YHU-
BepcuteT, KyOaHCckuif TrocyqapCTBEHHBIH  arpapHblii  YHHBEPCHUTET
uMm. N.T. Tpybununa, Kybanckuil rocynapcTBeHHBIN YHHBEpcUTeT, Mar-
HHUTOTOPCKUU TOCYIApCTBEHHBIN TexHUYeCcKuil yHuBepcuteT um. I'.1. Ho-
coBa, MalKOIICKUIA TOCYAapCTBEHHBIA TEXHOJIOTUYECKUIl YHUBEPCHUTET,
Mesxrynapoansiii uHCTUTYT MeHemxMenTa JIMHK, Mopaosckuii rocynap-
CTBEHHBI negarorndeckuii HHCTUTYT uM. MLE. EBceBbeBa, MOCKOBCKHI
aBHAMOHHBIN HHCTUTYT (HanmoHamsHEIN HccienoBaTeIbCKUi YHUBEPCH-
TeT), MOCKOBCKHII TOPOJICKOH TEeNarorH4ecKuidi YHHUBEPCUTET, MOCKOB-
CKHI TOCyIapCTBEHHBIN TeXHUYeCKHi yHuBepcutet M. H.O. baymana, Moc-
KOBCKHUI TEXHOJIOTMYECKUM yHUBepcuTeT, HalnmoHanbHbli rocyjapCTBEHHbIN
YHUBEPCHUTET (QH3UIECKON KyIBbTYPHI, CIIOpTa 1 370poBbs nM. [1.d. Jlecradra,
Hanmonansaeli nccnenoBarensckuidi MOpIOBCKUM TOCYTApCTBEHHBIA YHU-
Bepcuter uM. H.I1. OrapeBa, HanmonansHbIN uccienoBatenbckuii Hikero-
pozackuii rocynapctBeHHsl yHuBepcuter uM. H.M. JlobaueBckoro, Hammo-
HaJIbHBIA HMccleaoBaTenbCckuii TOMCKMI rOCyJapCTBEHHBI YHUBEPCHUTET,
HwxHEBapTOBCKHI rOCy1apCTBEHHBIN YHUBEpCHUTET, HOBOCHOMpPCKHIA TOC-
YAApCTBEHHBIM YHUBEPCUTET SKOHOMHUKU U ympasieHus «HUHX», Owm-
CKUU TOCyIapCTBEHHBIN arpapHelii yHuBepcureT uM. I1.A. CrojbinuHa,
OMckuil rocyJapCcTBEHHbIN IIearoruueckuil yuusepcurer, OMCKHii rocy-
JIapCTBEHHBIA TEXHWYECKHU yHHBepcuTeT, OMCKHH TOCYIapCTBEHHBIN
yHuBepcuteT uM. @.M. JlocroeBckoro, OpeHOyprckuii rocyaapcTBeHHBIH
Hefarorudeckuii yausepcuter, OpeHOyprekuil rocyJapCTBEHHBIM yHUBEP-
curet, OpioBckuil rocynapctseHHbld yuBepcuteT uM. U.C. Typrenesa, Poc-
CHIiCKH ToCyTapCTBeHHBIN arpapHbiid yHEBepcuTeT — MCXA nm. K.A. Tu-
MuUps3eBa, Poccuiickuii TOCyJapCTBEHHBIN COLUANIBHBIA YHHUBEPCUTET, Poc-
CUMCKU IOCYJapCTBEHHBIM YHUBEPCUTET NpaBocy 1y, Poccuiickuii yHUBEp-
CHUTET APY>KOBI HAPOJOB, POCTOBCKHIA TOCYAapCTBEHHBIH YHUBEPCUTET IIy-
Tell cooOmeHns, POCTOBCKHII TOCYJapCTBEHHBIN 3KOHOMUYECKUA YHUBED-
cutet (PUHX), Camapckuii uHCTUTYT ynipaBienus, Cankt-IletepOyprekuit
TOpHBIA yHUBepcHUTeT, CapaTOBCKUI HAIMOHAIBHBIM HCCIEI0BATEIBCKUIM
rocynapctBeHHblll yHuBepcureT uM. H.I'. UepnsbleBckoro, CeBepHBIH
(Apkruueckuid) eaepaibHbii yHUBepcuTeT uM. M.B. JlomoHocoBa, Ce-
Bepo-BocTouHbll rocyapcTBeHHbIM yHuBepcuteT, CeBepo-BocTouHblit



¢enepansusiit yausepcureT uM. M.K. AMmocosa, CeBepo-KaBkasckuii de-
JlepalibHbIN  yHUBEpcUTeT, CHOWPCKUN TOCYIapCTBEHHBIM YHUBEPCHTET
BOJIHOTO TpaHcnopTa, CHOMPCKUI roCy1apCTBEHHBIH YHUBEPCUTET IyTel
cooOmenust, Cubupckuil ¢enepanbHelil yHUBEpcUTET, CTaBPOMOIBCKUIMA
rOCyJlapCTBEHHBIN arpapHblil yHUBepcUTET, CypryTCcKui IoCyIapCTBEH-
HBIM Megarorndeckuii yauBepcurer, CypryTcKuil roCyJapCTBEHHBIN YHU-
BepCcUTET, THXOOKEAHCKHUUA TOCYJapCTBEHHBIM YHHBEPCUTET, TyIbCKUU
rOCyJJapCTBEHHBIN YHUBEPCUTET, Y IbSHOBCKUN rOCY1apCTBEHHBINA TEXHU-
YEeCKUM YHUBEPCUTET, Y PaJbCKUM rOCYAapCTBEHHBIM MEIUIIMHCKUN yHH-
BEPCHUTET, YPaJbCKUN T'OCYJApCTBEHHBIN IEIarOTMYECKUN YHUBEPCHUTET,
Ypanbckuil TOCyJapCTBEHHBIH YHHBEPCUTET IyTed cooOuieHus, Ypaib-
ckuil (¢enepanbHblif yHuUBepcuTeT HuM. nepsoro IlIpesunmenra Poccun
b.H. Enpiuna, @unancosslil ynusepcuret npu Ilpasurensctse Poccuiickoit
®enepanmy, Xakacckuii TocyIapcTBeHHBIN yHUBepcuTeT nM. H.®. Kara-
HOBa, UyBallICKHil ToCyJapCTBEHHBIN yHuBepcuteT uM. M.H. YibsHoBa,
IOropcxkuit rocynapcTBeHHbIH yHuUBepcuTeT, HOxHO-Ypanbckuil rocynap-
CTBEHHBI MEAWIMHCKUN YHHBEpcHUTeT, IOXHBIH (enepaabHblil yHUBEpCH-
TeT), PectiyOimku benapycn (MoruneBcKuii rocy1apcTBEHHBIN YHUBEPCUTET
M. A.A. Kynemosa) u Pecrryonmku Kazaxcran (EBpazuiickuil HalmoHaIb-
Hblii yHuBepcuteT uM. JL.H. I'ymuinesa, Kazaxckuil HalmoHalbHbII yHUBEP-
curteT uM. anb-Dapadm).

Bonpmmas rpymnma o6pazoBaTeNbHBIX YIPSKICHUI IpeICTaBICHA KaleT-
CKHMMH KOPITyCaMH, IIKOJIAaMH U JIMLIESAMH, IETCKUMU CaaMU U YUPEKICHH-
SIMHU JIOTIOJTHUTEJIHOTO 00pa30BaHMs, a TAK)Ke HAYUHBIMU YUPEKICHUSIMU.

Y4acTHUKY KOH(EPEHIUH MPECTABIAIOT cO00M pa3Hble yPOBHH 00pa-
30BaHUs U HAYKU OT JOKTOPOB U KaHIMJIaTOB HayK BEIYLIUX By30B CTPaHBI,
podeccopoB, JOIEHTOB, aCIIUPAHTOB, MATUCTPAHTOB U CTYICHTOB J0 IIpe-
noJiaBaTesieil By30B, YUUTEJeH IIKOJ, BOCIHUTATENENH TETCKUX CalloB U IIe-
JIaroroB JOMOJIHUTENBHOTO 00pa30BaHusl, a TAK)XKE HAyUHBIX COTPYTHUKOB.

PepnaknmonHas KOMJIETHS BBIpaXkaeT TIIyOOKyI0 MPU3HATEIBHOCTh
HalllUM YBa)KaeéMbIM aBTOpPaM 3a aKTHBHYIO JKU3HEHHYIO IIO3MLUIO, JKela-
HHUE TONCIUTHCS YHUKAIBHBIMU pa3padOTKaMH W TPOCKTAMH, ydJacTHe
B V MexayHapoaHoil HayuHo-TpakTHueckoil koHpepeHiuu «Hayka,
o0pa3oBaHue, 0011eCTBO: TeHACHIUH U MEPCHEKTUBbLI Pa3BUTHUS», CO-
JepsKaHue KOTOpOH He MOXKeT OBITh ucuepnano. JKnem Bamm myOimkaum
U HaJleeMcsl Ha JajibHellee COTPYJHHYECTBO.

I'maBHBIIH pegakTop — I-p UCT. HAYK, IPod.

UyBamickoro rocy1apcTBEHHOro yuueepcurera nmMenu ML.H. YbsHoBa,
JIeKaH UCTOPHUKO-reorpaduueckoro axyipTeTa

Iupoxos O.H.
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buojoruueckue HAyKH

BUOJIOT'NYECKHUE HAYKH

Kounesa Anuna Anopeeena

CTy/IEHTKa

WHctutyT OUnozornu, MHOCTPaHHbBIX

SI3BIKOB ¥ METMAKOMMYHHUKAIN

OI'BOY BO «KemepoBckHii rocyJapCTBEHHBIH YHUBEPCUTET)
r. KemepoBo, KemepoBckas o01acTb

IMPOBJIEMA HETTPABUJIBHOI'O
IIMTAHUA CTYJAEHTOB

Annomayun.: 0annas cmamvs NOCEAWEHA NPodieme COANAHCUPOBAHHOZO
RUMAHUSL COBPEMEHHO20 CIYOEeHMA, a MAK#ce OMKIOHEHUAM 8 PUIUUECKOM U
HEPBHO-NCUXONOULECKOM COCIMOAHUU YeloseKa npu e2o omcymcemeuu. Ilpa-
BUNIbHOE NUMAHUE AGIAEMC OOHUM U3 KNI0UEBblX (PaKmopos, 6NUAIOWUX Ha pa-
bomocnocobHoCmb cmyOeHma, a maKice Ha N0O0ePI’CAHUE HOPMATLHO20 KPO-
8AHO20 O0A6NEeHUA, 3peHUs U Opy2ux MeouyuHckux noxasameneii. Cpeou cmy-
O0enmog Uncmumyma gunono2uu, UHOCMPAHHBIX A3bIKOE U MEOUAKOMMYHUKA-
yuu Kemeposckozo eocyoapcmeennozo yHusepcumema 0vli npoeder onpoc, 6
pe3yavmame KOmMopozo 6bLI0 YCMAHOBIEHO, HACKOIbKO NPABUTLHO RUMAITNCS
cmyoeHmul 8y3d.

Knrouesnoie cnosa: numanue cmydenmoe, npasujibHoe numanrue.

[Turanue urpaet BaXXHYIO POJib B ()OPMUPOBAHNH (PU3UIECKOTO 3T0POBbS
nHIuBHAa. PU3HUECKOE 310pPOBbE — ITO COCTOSIHUE OPraHu3Ma, IIPH KOTOPOM
OCHOBHBIE (PM3MOJIOTMYECKUE TOKa3aTeNH JIeKAT B MPeAeIax HOPMBI U aJieK-
BaTHO W3MEHSIOTCS TPH PAa3IMYHBIX (HU3MYECKUX HArpy3Kax M COCTOSHHHU
BHeIIHeH cpenpl. [InTanne, npIXxaHue M ABWKEHHE HEMOCPEACTBEHHO BIHSIOT
Ha GMOJIOTHYECKOE PA3BUTHE YEIOBEKA.

B Hamm gHM npobiemMa 370pOBOTO MHUTaHUSI OYEHb aKTyalbHa, 0COOCHHO
Cpeay CTyJeHTOB. B CBSI3M ¢ HEZOCTATKOM BPEMEHH Y CTYEHTOB HET BO3MOXK-
HOCTH TIOTPEONIATh cOalaHCHPOBAHHOE KOJIMYECTBO OEIKOB, KUPOB, YTIIEBO-
0B, BATAMUHOB U PAa3JIMYHBIX MAKpPO- U MUKPOIJIEMEHTOB, YTO MNPHUBOAMUT K
Pa3BUTHIO TacCTPHTA, 5I3B U HApyLIEHUIO oOMeHa BemecTB. [1o mpoBeneHHOMY
OTIPOCY BBISICHWIIOCH, 9TO Oosee 60% cTyzneHTOB (haKyiabTeTa MEepeKyChIBAIOT
Ha XOJy U HE MOCEIIAI0T CTOJIOBYIO B BUIY OTCYTCTBUH BpeMeHH. Jlumb 23%
MPUHOCST €1y U3 JIOMa, OJIHAKO TaKXKe yIOTPeOIISIOT ee B X0JIOJHOM BUJIE, 3a-
YacTyl0 B Kopuaopax yHuBepcurera. OcrainbHas 4acTh onpomeHHbIX (17%)
BOOOIIIE HE TUTAIOTCSA B YHUBEPCHUTETE U MPEATIOUNTAIOT T0KAATHCS KOHIIA Iap
YTOOBI IOECTH JIOMa.

B mocnennee Bpemsi MpOAYKTHI OBICTPOrO MUTaHHS OYEHB IOITYJISIPHBI
cpean cryneHToB. ONHAKO B HUX HE COAEP)KUTCS HUYEro IoJyie3HOro. Takwe
MEPEKyChl HAIOJHEHbI apOMaTH3aTOPaMH, KPAacHTEISIMH W JAPYTUMH Belle-
CTBaMH, KOTOPbIE MPUBOIST K 0)KUPEHHUIO, CAXaPHOMY TUa0ETy, MOBBIIICHHOMY
XOJIECTEPUHY U apTepHajIbHOMY AaBieHHo. [Ipu BEIOOpE MPOAYKTOB IS Tiepe-
Kyca, CTYICHTHI YIUTBIBAIOT HE TOJIBKO BPEMs, OTBEZEHHOE Ha 00€e, HO U CBOU
¢uHAHCOBBIE BO3MOKHOCTH. VIMeHHO TI0ATOMY OyTepOpOombl, IOKOIad U pa3-
JIMYHBIC Ta3UPOBAHHBIC HAITUTKU NPCATTOYTUTCIIBHEC KOMITJIEKCHOT'O 063113.
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Jliist HopManbHOTO (PyHKIMOHMPOBAHHS OPTaHU3Ma HEOOXOIMMO pa3HO00-
pasHOe MUTaHKE, BKJIIOYAOMNE B ceda Msco, pbIOy, siiilla 1 MOJOYHBIE MPO-
JIyKThl. VIMEHHO OHH SIBJISIOTCS HCTOYHUKAMU O€JIKa M IOMOTA0T OPraHUu3My
BOCCTaHABJIMBATh KIETKH U TKaHU. CleayeT TakKe OTMETHUTh, YTO pbida yiyd-
11aeT AEATENbHOCTh TOJOBHOTO MO3ra M BEChbMa MOJIE€3HA NPU JUTUTENBHBIX YM-
CTBEHHBIX Harpy3kax. YTJIEBOJBI, COAEpKAIIUeEcs B Xie0e, KapTodere 1 KoH-
JTUTEPCKUX MU3JENUAX, CITYKaT «TOITMBOMY I KJIETOK FOJIOBHOTO MO3ra, Io-
3TOMY B HEOOJIBIINX KOJIMUECTBAX TaKkKe HE 3aMeHUMBI. [loTpebienue Kupos
U YIJIEBOJIOB JOJDKHO YETKO KOHTPOJIMPOBATBHCS, HECMOTPS HA TO, YTO OHH
HEOOXOJMMBI JUIsl TOJEPKaHUs HOPMAJIBbHOTO (PYHKIMOHUPOBAaHHS Opra-
HU3Ma, UX Ype3MEPHOE MOTPeOIeHNE TPUBOAAT K MOSBICHUIO «ITYCTHIX Kayo-
puil», KOTOpBIE IPUBOIAT K MOSIBIICHUIO JKUPOBBIX OTIOKECHHM.

ITpoGnemsl ¢ KyIbTypoOii MUTaHUS HAOMIOJAIOTCS, B OCHOBHOM, Y JI€BYIIEK.
B norone 3a uaeanbHoN (GUTypoit OHM HAMEPEHHO MPOITYCKAIOT IIPHEMBI MTHIIH,
3aMEHsIsI MX Ha HU3KOKaJIOpUIHBIE HOTYPTH M GpyKTHl. HU3KOYTIIeBOAHBIE [T~
€ThI, Pa3rpy309HbIC THU HA Ke(Hpe WIN BOJE B COBOKYITHOCTH CO CTPECCOM U
CephE3HBIMH YMCTBEHHBIMU Harpy3KaMH IPUBOIT K CHIDKEHHIO PaboTOCIIO-
cOOHOCTH U HEpBHBIM CpbIBaM. [Ipu U TenbHOM Hel0eJaHUH WITH TOJIOIaHUH
KOJIMYECTBO TJIFOKO3bI (OCHOBHOTO MCTOYHMKA MTUTAHHUS MO3Ta) COKpaIaercs,
YTO MPUBOAUT K HAPYILICHNIO MBICITUTEIBHBIX ITPOIIECCOB M CIIOCOOHOCTH YETKO
MBICJIHUTB.

Hapsany ¢ npaBuIbHBIM MHMTaHUEM B JKU3HU KaXKJOTO CTYyAEHTa JOJDKHA
MIPUCYTCTBOBATH (pu3ndeckas Harpyska. C ee MOMOIIbIO MOSKHO HE TOJIBKO MOJ-
JIEpKMBaTh TEJIO B XOpOIIeH (opMe, HO U SMOIMOHATIBHO OTABIXaTh OT MpPO-
0JIeM B YHHBEPCHUTETE.

IIpoananu3upoBaB OIyYEHHBIE PE3yIbTAaTHl MOXKHO AAaTh HECKOJIBKO COBE-
TOM II0 YJIy4IICHUIO Ka4eCTBa MUTAHUS COBPEMEHHOIO CTYyACHTA:

1. ITpueMsl MUY JOJKHBI CTaTh (PUKCHPOBAHHBIMHU.

2. [TpoyKTel OBICTPOTO TMPHUTOTOBIEHHS, a TaKXe CaxapocoieprKallue
JIOJDKHBI OBITH 3aMEHEHBI HA OBOIIN M (DPYKTHI.

3. Ilpu OTCYTCTBHM BO3MOXKHOCTH IIUTATHCS B CTOJIOBOH, HEOOXOAMMO NIpH-
HOCHTH C COOOW KOHTEHHED C e0H.

4. U36erats et u gepUnnTa MOJIE3HBIX MaKpO- © MUKPOIJIMMETOB.

Cnucok numepamypul

1. XKapor JI.B. YenoBeueckast TenecHOCTh: (uiocodekuii anammus / JI.B. XKapos. — Po-
croB H/J], 1988. - 59 c.

2. Cmonsip B.U. Paunonansuoe nuranue / B.JM. PanuwonansHoe nurtanue. — Kue, 1991. —
123 c.

3. Edumona A.A. OcHoBbl panmonaneHoro nutanus / A.A. Edumosa. — IlerponapioBck-
Kamuarckuii, 2007. — 36 c.
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I'eorpaduyeckue Haykun

I'EOI'PA®OUYECKHUE HAYKH

Komapoea Onvea Anamonvesna
KaH]I. TeOTP. HAYK, JOICHT
Ilonosa Enena Anamonvesna
CTy/ICHTKa

OI'BOY BO «OMckuii rocyaapcTBEHHBIN
MeIarOTHYECKUH YHUBEPCUTET
r. Omck, OMckas 001acTh
DOI'10.21661/r-461708

HCTOPUYECKHE OCOBEHHOCTH PA3BUTHSL
IroPOACKHUX ITOCEJIEHUU CUBUPU

Annomayusn: 0cobenHOCMU B03HUKHOGEHUsL 20P00A, MECHONON0ICEHUE,
ucmopusi onpedenunu e2o cogpemennuvlii cmamyc. Memopuueckue ocobenno-
CMu U MeCmononodcerue 20po0a NOGIUALU HA COCMAB €20 HACeNeHUsl, onpede-
JUAU €20 cheyuanuzayuro u nyme pazeumus. HMzyyus usmenenue 2opooog Cu-
Oupu 80 6peMeHU, ObLIU GbIAGILEHbL NPUHUHBL, NOYEM) 0OHU 20P0Od UMEIOM Gbl-
coKue memnuvl pazeumusi, maxue Kkak ecopooa cesepa 3anaonou Cubupu, a He-
KOMopble CIMAanu KPyRHbIMU CENAMU.

Knroueswie cnosa: 2opoo, cmpykmypa copooa, Cubupe, copoda Cubupu.

T'opox — 3T0 popma pacceneHus U TEPPUTOPHUATEHON OPTaHU3AIINH X035 -
CTBa, I/le KOHLEHTPUPYETCS HAacelIeHHE C IpeobiaJaHueM HECEeNIbCKOXO03sH-
CTBEHHOH JIESATEIBHOCTH, TJIE€ Pa3BUTHI pa3HOOOpa3HbIE BUABI IESATEIBHOCTH U
OOIIIEHNS TI0 CPAaBHEHHUIO C OKPYXKAFOIIEH €ro CeTbCKOW MECTHOCTRIO [2].

I'opox mpencrasnser co0oit cUCTEMY U3 HACENIECHISI, SKOHOMIUECKOH 0a3bl
u cepsl obecrieuenus. ['opojckoe HaceneHne GopMUpyeTcst 32 CUET TPEX UC-
TOYHHUKOB: €CTECTBEHHOI'O IPHPOCTa, MEXAaHUIECKOT0 IPUPOCTa U Ipeodpaso-
BaHME CEJIbCKUX MTOCEJICHUH MM BKIIIOYEHHS UX B TOPOJICKYIO yepTy. Dopmu-
pOBaHME YHCIEHHOCTU HACEJIEHHUsI TOPOJOB 3aKIIa/IbIBAETCs 10| BO3/eiCTBHEM
UCTOPHUYECKHX (HAKTOPOB.

Tepputopust Cnbupu HEKOTAA HE OblIIa OE3F0IHOH, Ha €€ poCTOpax Mmpo-
JKMBAJIO MHOXECTBO KOPEHHBIX HApOJIOB, KOTOPHIE MMEJIN CBOM ITOCEICHHUS.
OT10 CMOUPCKKE TaTapbl, TYHIYChI, FOKaTHPbI, aITalIbl, COHOTHI, OypsTHI, KHp-
T'U3Bbl, TYBUHIIBI, XaKachl, MAHCH, XaHTBI, IOPIIbI, CEJIbKYIIHI, TENEYThl U APYTHE
Hapozpl. Jlo Hayana akTHBHOU KojoHu3aruu Cudupu, Ha e€ TeppUTOPHH TPO-
JKMBAJIM TaK )K€ U PyCCKHUE, BCTPEUAUCH ITPEACTABUTENIN CMEIIaHHBIX HAPOIOB.
MHorue pycckue KpecThsiHe CTapalluch cOexaTh U3 eBpOIeiiCKOi YacTH B CBO-
6oxnyto Cnbupb. Tak xe CHOMPH 3aIOJIHSIIN MPOMBIIUICHHUKN M UCKAaTEeNN
6orarcTB. CHOMpPE SBITIACH MECTOM CCHUIOK B Poccnu kak Mepa Haka3aHUs.

B Cubupu ¢ akTUBHBIM II€peceleHHeM PYCCKUX B IMEPBYIO Ouepe/h MOSB-
Jsumich ropoaa-kpernoct. B XVII Beke TpynHO OBUIO OIIPEAEInTh TOYHOE KO-
JIYECTBO TOPOo0B Ha Teppuropnn Cubupu. B 1656 romy k roposiaM OTHECEHBI
6 Toboneck, Bepxotypre, bepézos, Tapa, Tromens, [Tensim, CypryT, Man-
razes1, Tomck. I'opojia cTaHOBUIIMCH LIEHTPAMMU YE3/10B, PSAAOM C KOTOPBIMU BbI-
pacrany mocajasl M CIO0OABI, TA€ paclojarajich >KUIbIe W XO3IHCTBEHHBIC
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CTPOEHUsI, TOPrOBO-peMeCIeHHbIe ToMelneHys, nepksu. Jlo X VIII Beka ropoaa
BBINOJIHSJIN, B OCHOBHOM, OOOPOHHUTENbHBIE (DYHKIIUH.

K nagamy XVIII Beka ykpersieHHbIE HacelIEHHbIE IMyHKTHI CTAaHOBUIIHMCH
KPYNHBIMU aJJMUHUCTPATHUBHBIMY, PEIUTHO3HO-KYJIBTYPHBIMU M TOPrOBO-pe-
MecIIeHHBIME nieHTpamu. B Benomoctsix cnbupckux ropoxos 1701 roma ropo-
nmamu cautanuck Tobonsck, Bepxotypse, Tapa, Tromens, [lensm, Tomck, Ho-
Basg Mamnrazes (TypyxaHnck), SIkytck, Mpkytck, Hepuunck. UucneHHOCTD Hace-
JICHUS] YBEIMYHMBACTCS 3a CUET MEXaHUUEeCcKoro npupocTa. Hanbonee xapakrep-
HBIMH 3JIEMEHTaMH MOCENICHUI CTAHOBWIINCH HE BOCHHBIE YKPEIUICHUS, a TOP-
TOBBIE PSIJIbL, IEPKBH M MacTepCKHe. Y CIIOKHSIACH MTPOecCHOHATIbHAS CTPYK-
Typa HaceJIeHHs, KPOME CIIYKUJIBIX JIIOJIEH OSABISUIUCH TOPTOBIBI U PEMECIIEH-
Huku. CeBepHble moceneHusi, Takue kak bepésos, Kerck, HapwiM, [lenbim,
OCTaBaJICh IPEUMYIIECTBEHHO aJMHHHCTPATHBHBIMH, B 3KOHOMHYECKOM
IUTaHE CTIEHUATU3NPYIOMKUMCS Ha MpoAaxe MyIHUHbL. KynbTypHOit cronuiei
Cubupu 6611 ToOodbCK. B aTOM TOpoJe cymecTBoBasia OMONIMOTEKa, BEIOCH
neronucanue, B Hauane X VIII Beka oTkppUiachk neppas IKoJa U Teatp. MeHs-
eTcsl CHenraIn3anis TopooB, Bce OobIlle pa3BUBaeTcs TOprosis. OHa cTaHO-
BUTKCS Bce Oosiee MPUOPUTETHBIM HAIlPaBICHHUEM.

B XIX Beke pa3BUBaJIUCh TOpoja, OKa3aBIINECS HA BaKHEHIINX TOPTOBBIX
IYTSX U B IPOMBIIIICHHBIX paiioHax. POopMUpPOBaHUE TOPOIOB IIPOUCXOIUT HA
Bocroke Cubupu. [pyrue ropojga TOPMO3UIUCH B PA3BUTHH, MPEBPAIAsCH B
KpymnHbIe céna. CTpOUTENBCTBO Tpanccubupckoii Masucmpanu 0Kazaino OrpoM-
HOE BO3JEHCTBHE Ha mporecc ypoanuzayuu B pernoHe. OcoOeHHO OBICTPO
pOcCIu Topoja, PacoIOKEHHBIE BAOIB KeNIe3HbIX Jopor, — OMck, KpacHosipek,
Upxytck, Yura. OTH ropoaa crainu KyJlbTypHO-TIPOCBETUTEIBCKUMH LIEHTpa-
Mu. Bekope npeBpatunucek B ropoja xene3HoJ0poxHble cTaHnuu: HoBoHuko-
naeBck, bororon, Tamapck, Tatiea v npyrue. B KpynHBIX TOpoJax MOsBISIOTCS
JICpEBSIHHBIE TPOTYapbl, YIW4IHbIE (DOHAPH, CKBEpHI M Mapku. ['opona pociu
Onaromapst NpUTOKy MurpantoB u3 EBpormeiickoit Poccun. [1o naHHBIM TIepe-
mcu 1897, B ropomax CubupH Ha T0JTI0 HAaCEIEHHs, POJUBIIETOCS 32 Y panoMm,
npuxonawiocs numb 46,1%. Ha passutue ropomnos B 3T0 BpeMsi HOBJIHSI POCT
MIPOMBIIIICHHOCTH M YBEJINYEHUE CETH TPAHCIIOPTHBIX ITyTeH.

B nepBoii mostoBrHe XX Beka ObLIO YeTHIpE KPYIMHEHIINX ropoia KpaeBoro
3naveHnit: HoBocubupck, Omck, Upkytck, Tomck. JIBa ropoa KpaeBoro 3Ha-
4YeHus ¢ HaceneHueM cBoime S0 Teicsd yenoBek: bapuayn u KpacHosipck. A tak
e ObUIM IPyTHe ropojia ¢ pa3iIMyHbIM aIMUHUCTPATHBHBIM cTaTycoM. Bee 60-
Jjee TATOTENa K ropojgaMm oOpalarbiBaromiasi IMPOMBIIUICHHOCTh: B TOpojax
CTPOWJINCH MYKOMOJIBHBIE, JIECOITMIIBHBIE, METAII000padaThIBatoIne, KHp-
MIUYHbBIE, TMBOBAPEHHBIE U Apyrue npeanpuarus. CTaHoBHiIach 0ojee CIoxk-
HOH TOproBasi HHPPACTPYKTYpa, yBEININBAIOCH YHCIIO BUAOB 3aBeeHNN. VH-
TEHCHUBHO DPAa3BHUBAIOTCS KOMMYHAIbHOE XO3AUCME0 W KyIbTypHas HHOpa-
ctpykrypa. B 1945-1950 rogax mponcxoauTt HauOoJbIIee KOTMIECTBO TOPOI-
CKHX TocesieHHH Ha kapTe CuOMpH MOSIBIIOCH 32 TOPOJICKHX HACEIICHHBIX
ITYHKTA, YUCII0 TOPOACKUX NoceneHnii CHonpy yBEIMUMBAJIOCH B OCHOBHOM 32
CYET MOCENKOB ropoAcKoro Tuma. Oco6eHHO MHTEHCHBHO CETh TOPOJICKHX I10-
ceneHuil pa3BuBanack B 3amagHoii Cubupu. 1o OBLT pe3yabTaT aJMHHUACTPA-
TUBHBIX Pe00pa30BaHUil yKe CyIIECTBOBABIINX KPYIHBIX MOCECHUI. B ceib-
CKOW MECTHOCTH CO3/1aBaJICh IPOMBINIJICHHBIX 00BEKTOB, BEJIACh 100bIYA I10-
JIE3HBIX NCKOIIAEMBIX, PACIINPSAIACH aAMUHACTPATUBHO-KYJIBTYPHBIE (DyHKIIUH
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psima KpymHBIX cell. CTaTyc TOpoI0B HOXYYIH pabodne mocenkn XaHTh-MaH-
cuiick, lnnka, ['ycuroosepck, 3menHoropck, Hopmisck, Yxyp, Ycrp-KyT,
Kapacyx, Anzamaii u npyrue.

BosHukm OBICTpOpaCTyIKEe TOPOICKUE TTOCEICHHS BCICICTBIE TUHAMUY-
HOTO Pa3BUTHUS MAITUHOCTPOCHUS, METAJUIO00PA0OTKH, XUMHUECKOMN ITPOMBIIII-
JICHHOCTH, IIBETHOM MeTa/uTypruu. IIpuMep Takux TOpOJICKHX MOCEICHHUH —
Amnrapck u [llenexos. BypHoe 3HEproCTPOUTENBCTBO, CO3/1aHNE KPYITHBIX TH/I-
PO2JIEKTPOCTAHIINI TPUBENIO K BOSHUKHOBEHUIO bpamcka v [{usnozopcka. Paz-
BUTHE 3/[paBOOXPAHEHHUS U TYpU3Ma JAJI0 TOJYOK K MOSIBICHUIO KypOpTOB-be-
nokypuxu v JlapacyHa.

B 1950-1960-x romax ObLIO Pa3BEPHYTO CTPOUTEIHCTBO aKaJIeMIOPOIKOB
non Hosocubupckom, Tomckom, Kpacuosipckom u MpkyTckom. Akagemro-
POAKHU CIUBAIUCH C KPYITHBIMU TOPOJIaMH, FOPUINYECKH BXOUIN B X COCTaB,
HO (PaKTHUECKH SBIISIIUCH TOPOAAMHM-CITy THUKAMH.

B navane 1990 uucio ropoackux moceneHuit B Cubupu cocrapmio 470:
126 roponoB u 344 mocenka ropojckoro tumna. B 1995 B Cubupn HacYUTHIBA-
nmock 508 ropomckux mocenenuii: 158 ropoaoe u 350 mocenkoB TOPOJCKOTO
Tuma [3].

Ha 2015 rox xonmdgectBo ropoioB B Cudbupckom denepaabHOM OKpyTe Co-
crapisteT 130 ropoaoB 1 209 mocenKoB ropoAcKoro Tuna [3]. AqMUHUCTPATHUB-
HBIMH IIeHTpaMu cyObekToB Cubupwu sBistoTcs ropoaa: HoBocubupck, OMck,
Kpacuosipck, Upkytck, Kemepoo, ['opHo-AnTaiick, Yinan-Y 13, Ke3eut, Aba-
kaH, Tomck. Tak »xe OvicTpopa3BuBatomuecs: roponaa: Cypryr, KarameiM,
Xantel-Mancwuiick, Hosi0pbck, HmkaeBapToBck, Hedreroranck, SIayTopoBck,
Hoggrit Ypenroit, Meruon, I1p1Th-SX. BOJBIIMHCTBO U3 HUX- 3TO MOJIOJBIE TO-
poJia, KOTOPhIE TOJILKO HAdajdu CBOE pa3BUTHE. BhICTpoe pa3BUTHE TOPOJIOB
00YCIIOBJICHO €ro MOJO0XKeHHeM. ['opo1a ¢ BEITOJHBIM reorpa@uIeckKuM 100~
JKEeHHEM Pa3BUBAIIMCH ObICTpee. ITO ObUIM MOCEICHHS, TS IPOXOININ KPYII-
HEBIE JKeJIe3HBIC JOPOTH Y TOPTOBBIC ITyTH. A TakK ke ropoja, B pailoHe KOTOPBIX
AMEIOTCS TOJIe3HbIe HCKoTlaeMble. Pa3BuTHe HOOBIBAfOIEH MTPOMBIIIIICHHOCTH
JIaJjio TOYOK JJISi pOCTa CEBEPHBIX TOPOAOB, KOTOPHIE OBLTH OTOPBAHBI OT OC-
HOBHBIX apeasioB paccenenus. Ceituac, 6arogapsi CBoel Crieluain3aliym, ST
ropoJia pacIupsIFOTCs, IPUTATHBAIOT K ce0e JII0AeH U UMEIOT BHICOKUE TEMITBI
Pa3BUTHA.
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ECTECTBEHHBIE HAYKHA

Bbamanoe Muxaun Cemenoeuu

KaHJ. TeXH. HayK, JOICHT

OI'bBOY BO «MockoBCcKuil aBUAIIMOHHBIM HHCTUTYT
(HanmoHanbHBIN UCCIIEIOBATEIbCKI YHUBEPCUTET)»
r. MockBa

DOI'10.21661/r-461536
BbIBO/Jl YPABHEHMUS HIPEJIMHI'EPA

Annomayun: 0cHoganHHble NOHAMUSL KEAHMOBOU MEXAHUKU, Makue Kax
«60HbL Mamepuuy Oe bpoiis, «npunyun neonpedenennocmuy I eiizenbepea,
omcymcmaue pamepos U mpaekmopuu OGUINCEHUS Y INEMEHMAPHBIX YACHUY,
YHUgepcanvbnocms nocmosinnou Ilnanxa, a maxoice ypasuenue Lllpeouncepa,
00 cux nop HeOOCMAamouno jnoz2udecku 060cHoganvl. Humepec k ucmoxam
K6AHMOBOU MEXAHUKU 0OYCII0IEH euje meM, Ymo nepedosvle pybeicu HayKu 6
obnacmu uzyueHuss CMpYKMypHOU OpP2aHU3ayUU MAmepuy — CmpyHHvle meo-
puu, basupyowuecs Ha K6AHMOBOU MeXanuKe, — HAX00AMCs 8 NPAKMUYECKU
HenpeooOIUMbIX, N0 MHEHUIO a8mopa CMambii, 3ampyoHeHusix. Dmo 3acmas-
JISlem 8ePHYMbCsL K NEPEOCMBICIEHUIO OCHO8 K8AHMOBOU huzuxu. B dannoii pa-
bome npednodcena Mooeib Xaomuyecku Onyxcoaioujett MamepuaibHoll 4ad-
cmuybl (0bradaroujell pazmepom u mpaekmopuell 08UNCEHUsL), HA OCHOBAHUU
KOMOpOU yOanock sbpazums nocmosHuyio Ilnanka i uepes ocrnoguvie xapax-
MEPUCMUKY CIMAYUOHAPHO20 CIYYAIHO20 Npoyeccd; 060CHO8amb NEPexo0 om
KOOPOUHAMHO20 NPeOCMmABIeHUss COCMOSIHUL YACMUYbl K ee UMNYIbCHOMY
npeocmasienuio be3 npusiederus uoeu o CyWecmeo8aHuY «80IH Mamepuuy oe
bpoiins u «npunyuna neonpedenennocmuy I elizenbepea; evisecmu ypagHeHue
Ulpedunzepa na ocnosanuu npUHYUNG SKCMPEMyMa YCPEOHEHHO20 OeuCmeus.
xaomuuecku Onyscoaiowei yacmuyvl. Ilpu 5mom 6visenenvl ycioeus u epa-
HUYbl npuMenenust 0000wénnozo ypasuenus Lllpeouneepa xk onucanuio sigie-
HUU Kak MUukpomupa, max u maxpomupa. IIpomedicymounwvitli pesyibmam
«onpeoenenue NIOMHOCMU PACHPeOeNeHUs 8EPOSMHOCIU NPOU3BOOHOU N-20
nopsioka 0isi n pas ougpgheperyupyemozo, CryuatHo2o, CmayuoHapHo2o npo-
yecca» modicem Gblmb RPUMEHUM 80 MHO2UX 0ONACHISX MeOPUL 6EPOSIMHOCIU
U cmamucmu4eckol uU3UKU.

Kniwouegvie cnoesa: ypasuenue lllpedunzepa, nocmosunas Ilnanka, a0po
NEKMPOHA, NIOMHOCMb PACHpeOeNeHUs GePOSIMHOCIU NPOU3800HOU CLy4Al-
HO20 npoyecca, 4acmuyd, Xaomuieckas mpaekmopus, KoopouHamuoe npeo-
cmasnenue.

1. Kpamxkas ucmopus 6o3nukHnoeenus ypastnenus Llpeounzepa
OnHOM M3 OCHOBHBIX 3arallok KBaHTOBOI MEXaHMKM W, CIEJOBaTENIbHO,
BCEX COBPEMEHHBIX IPOJIOJIKEHUI TaHHOW TEOPHUH, OCTAETCSI TaillHA TOSBIICHUS
ypaBaenus llpeaunrepa. OTCyTCTBHE JIOTMYEeCKH OOOCHOBAHHOTO BBIBOZA
JTAHHOTO MCXOJHOTO YpaBHEHMs OTPHLATENILHO BIMAET HAa Pa3BUTHE HAIIUX
MIPEACTAaBICHUI O CTPYKTYpPHOM OpraHU3aIlH MATCPHH.
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VYpasuenue llpeannrepa nMeer B

., 0 h’
in Y = vy s UGy, 2y, (1)
ot 2m

rae = y(x, y, z, {) — BOMHOBas (QyHKIHS, XapaKTePU3YIOIIasi COCTOSHHE dJie-
MeHTapHO# actuiisr; U (X, y, z) — IOTCHIIMAbHAS SHEPTHSI AIIEMEHTAapHOI Ja-

cTULBl; /i — mocTosiHHas [1naHka; m — Macca 4acTHIIBL.

Cunraercs, 4To 3T0 ypaBHeHHE ObUIO moirydeHo DpBuHoM lllpeannrepom
(1887—-1961) Ha ocHOBaHMH HHAYKTUBHBIX U JIeTyKTUBHBIX MIPEATIOCHIIOK, CII0-
)kuBmKxcd K 1926 rony B pe3ynpTaTe SKCHEPUMEHTAIBbHBIX HCCIIEIOBAaHUN
CBOMNCTB 3JIEMEHTAPHBIX YaCTHII.

Ocoboe 3Hauenne B To Bpems umena unes JIyn ge bpoiins (1892—-1987) o
BO3MO>KHOCTH CYIIIECTBOBAHHS BOJTHOBBIX CBOMCTB y IBIDKYIIEICS MaTepHab-
HoM yacTuubl. B cBoeil nokropckoii nuccepranueit «McciaenoBanus no Te€OpHU
kBaHTOBY (1924 r.) JIyn ne Bpoiins comocTaBuII MPSMOJIHHEHHYIO TPACKTOPHIO
JIBIDKCHUS CBOOOTHOM YaCTHIBI C IPSMBIM JIyHOM CBETa, M IIPHUIIEI K BHIBOAY,
YTO OHM OTIMCHIBAIOTCS OJTHUM U T€M )K€ YpaBHEHHEM SIKoOH, BHITEKAIOIIUM U3
(hyHIaMEHTAIFHOTO MIPUHINIIA «IKCTpeMyMa JeicTBIs». OKa3anock, 4To Tpa-
EKTOPHS JBMKECHUS CBOOOIHOMN YaCTHIIBI U JTyd CBETA ABJIIFOTCS SKCTPEMAIISIMU
MPaKTHYECKH OJTHOTO U TOTO ke (yHKIMOHaIa AelcTBUs. JJaHHOEe 00CTOsATE N b-
CTBO HaToJIKHYJIO JIyn ne Bpoiins Ha MBICb, UTO €CIIU BOJIHE, OMHUCHIBAEMOM
ypaBHEHHEM:!

w = exp{i(at—kr)}, (2)
(roe @ — nuKIMYecKas 9acToTa; k — BOIHOBOM BEKTOP; f — BPEMSI; ¥ — IPOCTPaH-
CTBEHHBIM BEKTOP), MPUCYILM HEKOTOPHIE CBOMCTBA YAaCTHIIbI, TO BIIOJHE BO3-
MOXHO 00paTHOE yTBEPXKICHUE, YTO ABIXKYILEHCS MaTepuallbHOIM 9acTUIIE MO-
JKeT COOTBETCTBOBATh HEKasl IJIOCKast BOJHA!

w = exp{i(Et—pr)/h}, 3)
rae E — KHHeTH4YecKas SHEPTUs IBIDKYIIEHCS YACTHLIBL; p = MV — €€ UMITYJIbC.

Kpowme Toro, Jlyn e Bpoiisib OblT 3HAKOM € pe3ysibTaTaMy IKCIIEPUMEHTOB
crapriero Opara Mopuca e bpoiiins, cBI3aHHBIMU C PU3UKON PEHTTCHOBCKOTO
W3ITy4eHNs, ¥ ¢ MHOHepCKUMH padoTamu M. [lnanka n A. DHHIITElHA O KBaH-
TOBOW TPHUPOJE M3TyYeHHsS U TOTJIOIICHUS CBETa. DTO U IO3BOJIUIO €My B
1923—-1924 rr. npeAnoa0XKUTh, YTO JBUXKYILEHCS YaCTUIIE MOXKHO ITOCTaBUTH B
COOTBETCTBHE HEKOE K0JIeOaTeIbHOE BO3MYIIIEHUE I C YaCTOTOM:

w=E/Mh @)
M JJIMHOU BOJIHBI:
A =270/ p|. 6)

Ora unes 0bputa oanepxkana I1. JlanxkxeBeHOM U A. DHHIITEHHOM, HO 00JIb-
MIMHCTBO (PU3UUECKOTO COOOIIECTBA OTHECIACH K Hel ckenTudeckn. OTHAKO B
1927-1930 rT. cpa3y HECKOIBKO TpymHH 3KcrepuMeHTaTopoB (K. [ssuccon u
JI. Ixxepmep, O. llltepn u Y. Dctepman u Jp.) MOKa3aIH, 4TO HIEs CYIIECTBO-
BaHUs BOJH MaTepuH, npeaoxkenHas JI. ne bpoiiem, npuMeHuma i onuca-
HUS SIBJIEHUS AU(PAKIUY JIEKTPOHOB M aTOMOB Ha KPUCTAJIIAX.

B onHolt u3 panHux pa6ot 1925-1926 rr. OpBuH Llpenunrep, KpUTHUECKH
OTHOCSCh K cTraTtucTuke bo3e — DiiHmTeliHa, 3anancs BonpocoM: — «Ilouemy
OBl HE HAYaTh C BOJIHOBOTO NPECTABICHHS YACTHUI] I'a3a, a 3aT€M HAIOKHUTh Ha
TaKHe «BOJHBD» YCJIOBHS KBAaHTOBaHHUSA «a-lisi yciosue [lebas»? Ilocne uero
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CIIeyeT KIIF0UEBasi MBICIb: — «TO 03HAYAeT HE YTO MHOE, KaKk HE0OX0AMMOCTh
Cepbe3HO OTHECTHCH K npeaoxenHoit JI. ne bpoiinem n A. DHHIITEHHOM BOJI-
HOBOU TEOPUHU ABMKYIIMXCS YACTUL.

Crnenytromas crarbs lllpeaunrepa yxe copepikana ypaBHenue (1), momo-
JKUBIIIEE HA9AJI0 HHTEHCHBHOMY Pa3BUTHIO KBAHTOBON MEXaHUKH, HAPAY C Be-
mukuMH pabotamu Makca Ilmanka, AnsOepra Ditamretina, Hunsca bopa u
Bepuepa ['eiizenoepra.

JoBonsl, npuBeaennsie peannrepoM npu BeiBoge ypaBHenus (1), Bro-
CIIEACTBUM OBUIM NPU3HAHBI CIIENNATNCTAMU HEBEPHBIMHU, OJHAKO CaMO ypaB-
HEHHUE 0Ka3aJI0Ch BEpPHBIM. JTO HE €IMHCTBEHHBIN ciiydail B Hayke. Hampumep,
OCHOBHBIE YPaBHEHHsI dJIEKTPOANHAMUKH TaKke ObUTH moirydeHs! JxeiiMcom
Knepxom MakcBemuioM n3 HEBEPHBIX MPEATIONOKEHIH 0 MEXaHNIECKUX CBO-
cTBax adwupa.

3a IeBSHOCTO JeT, mporieanux ¢ 1926 roga MHOTO UcclieoBaTesel npei-
Jlaraiy paziIn4HbIe criocoObl BeIBosia ypaBHeHui Lllpenunrepa. Ho, Hackonbko
MHE M3BECTHO, HU OJIHA W3 3THX IONBITOK HE yBeHYanach ycrexoM. OCHOBBI
KBAaHTOBOW MEXaHUKH U 110 CEH JEHb BBI3BIBAIOT JUCKYCCHU B HAYyYHOM COO0-
IIeCTBE.

BesycriemHpIX TONBITOK BBIBecTH ypaBHeHHe lllpenmnrepa ObUTO Tak
MHOT0, 4TO CTaJI0 COBEPIIEHHO OYEBHUIHBIM, YTO JOOUTHCS 3TOTO PE3yIbTaTa B
paMKax KBaHTOBO — MEXaHHUYECKO JIOTUKH HEBO3MOKHO.

PaccmoTrpeHHast B JaHHOW CTaThbe MOJENb XAOTHUECKH OJTy)KIaromei Ja-
ctunbl (oOmamaromeli 0ObeMOM M HEMPEPHIBHOW TpacKTOpHEH IBHKCHUA),
SIBHO IPOTHBOPEYHUT HEOMO3UTHBUCTCKAM BO33PEHHUSM, HO TIPUBOIUT K BBIBOLY
ypasuenus lllpenunrepa, B uem HIbKe BaM U IpeIaraeTcst yOeaAuThCs.

2. Mooenv bnyscoaroweti yacmuyvi

PaccmoTtpum gacTwIty, 001313101y 0 HEOOIBIINM 00BEMOM IO CPABHEHUIO
¢ 007acTBI0 OKPYKAIOIIETO ee MpocTpaHcTBa (puc. 1). YcimoBHO Oyaem Ha3bI-
BaTh JAHHYIO YaCTHUILy «TOUKOW».

N L\

Puc. 1. Yactuna («To4kay), XaOTHYECKH OTyKAAI0NIasi B OKPECTHOCTH
YCIIOBHOTO «IIEHTpa» TaKuM 00pa3oM, UTO €€ IoJIHass MeXaHuIecKast
sHeprus E Bcerna ocraercs mocrossHHO# (E = const)
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JormyctuM, 9TO MaHHAas «TOYKA» IIOCTOSHHO XaOTHYECKH ONyXIaeT B
OKPECTHOCTSIX YCIIOBHOTO «IIEHTPa» (COBMEMICHHOTO C HAYAJIOM CHCTEMBI KO-
opauHaT X Y Z) mon nelicTBUEM MHOXECTBA HE CBSI3aHHBIX MEXIY COOOU cH-
JIOBBIX (DaKTOPOB.

[TpuMepaMu MOCTOSHHO OYKIAFOIIEH «TOYKI» MOTYT HOCITYKUTh: KOJIe-
OaHMs aTOMa B KPHCTAILIMYECKON pemIeTKe, MOJIeTH MyXH B OaHKe, JpOKaHHe
Spa BHYTPU OMOJIOTHYECKOM KIIETKH, LIIEBEIeHHe SMOPHOHA B yTpoOe MaTepH,
OJTy>KIaHUs KOHYMKA BETKH T0]] IIOPHIBAMH BETPA H T. II.

[IpennonoxuM, 9T0 TaKOE€ XAaOTHYECKOE JBIKCHHE «TOYKID, MPOJOIDKA-
€TCsI «BEUHO», ITOCKOJIBKY ee MOoJIHasi MeXaHu4ecKasi Heprust £ Bceraa ocra-
€TCSl TOCTOSTHHOM:

E-Txyzt)+ U(xy,zt) = const, 6)
rae 7T (x,y,z,t) — KHHETHYECKOH SHEPTHsI «TOYKM», 00YCIOBICHHAs CKOPOCTBIO
ee IBUKCHU;

U (x,y,z,f) — noTeHUMaIbHAsl YHEPTHsI «TOUKM», CBSI3aHHAsI C CUJIOH, CTpeMsi-
Ielicss BEpHYTh «TOYKY» B YCIIOBHEIN «IIEHTp» (HApUMep, ¢ CHIONH YIpyTo-
CTH).

Takum 006pa3oM, B paccMaTpruBaeMOi MOIeH Kaxaast u3 sHepruit 7 (x,),z,t)
n U (x,y,z,f) «TOUKW» ABIAETCS CIydaiiHOH (DyHKIMEH BpEMEHH U MECTa ee I10-
JIOKEHHUS OTHOCUTENBHO «IIeHTpa». Ho 3TH SHEpruu IIaBHO MMEPETEKaloT IPYT
B JIpyra TakHUM 00pa3oM, 4TO X cyMMa (T. €. TOJIHAsI MeXaHU4ecKasi SHeprus
E) Bcerna ocraeTcs HOCTOSIHHOH.

Ecmu crkopocTh Xa0THYIeCKOTO Oy KIaHHUS «TOUYKI» B OKPECTHOCTH yCIIOB-
HOTO «1eHTpa» (puc. 1) HeBeMmKa, TO COTJIACHO HEPETITHBUCTCKON MEXaHHKeE,
OHa 00J1aJ]aeT KUHETUYECKOHN SHEpTHeH:

Pr(n, .20+ pr(x,3,2,0) + pL(x,9,2,1)

T(x,y,z,t)= (7)
2m
Jsa coxpamienus 3anuceit BMecTo (7) OyaeM mucars:
pa(0)+pr(0) + p2 (1)
r@= : ®)
2m

rae p«(t), py(t), p-(f) — MTHOBEHHBIE 3HaUEHHSI KOMIIOHEHT UMITyJIbca Oy KIato-

MIEH «TOYKH:
- 2 2 2
|p|=+/Px + Py + D7 ©)

X
dt
Bun norennuansHoU sHEprun «Touku» U (X,),z,f) HE KOHKPETU3IUPYETCSL.

JleicTBue paccmaTpuBaeMoOll «TOUYKH» S B HEPENSITUBHUCTCKOW MEXaHUKE
OTIpeNIeIICHO cieayronmmM obpazom [1]:

’
pi=my; =m =m-x; (10)

S(l‘)zJ%[T(px,t)—U(X,f)]dl‘-l-Et. (11)

4
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Jlist ynporieHust BBIKIAZOK 3/1€Ch PacCMOTPEH OJHOMEPHBIA ciydail, He
OTPaHWYMBAOIINH OOITHOCTE 3aKIII0YeHUH. B cirydae Tpex u3mepeHunit yBenu-
YUBACTCs TOJIBKO YHUCIIO HHTCFpHpOBaHHﬁ.

W3-3a cnoxxHOCTH JBHKEHUS Oy’KAAIOMIEH «TOUKI) Hac OyAeT MHTepeco-
BaTh He camo aeiicteue (11), a ero ycpeaHeHne 1Mo BpeMeHH (WM 0 pean3a-
UM )

t

e ¢ —

§ = lim WZSi(t) - J‘ [T(po 0+ UGrnde + Bty
i= 4

Hanomnum, umo 0ns apeoduyeckozo ciyuaiHo2o npoyecca umeem mecmo
PAaBEHCmeo MelHcAy YCpeOHeHUeM No 6peMeHU U YCPeOHEeHUeM NO Peanu3ayusim.
3HaK IUTIOC B TOABIHTETPAIBHOM BEIpaKeHHH (12) MOCTaBIeH MOTOMY, YTO

yCpenHeHHas TOTeHIIUaIbHAs SHEPTHUS U (X, t ) OTpHUIIaTENbHA, T. K. OHA BCE-

IZla B CPEIHEM CTPEMUTCS BEPHYTH «TOUKY» B YCIOBHBIN «LEHTP» HCCIIEAye-
MOTO B cpeHeM c(epHuecKr CHMMETPUIHOTro 00pa3zoBanus (puc. 2). Ycpen-
Henwue (12) ocymecTBIIeTCs O peann3annsaM, B3SITHIM 3a OJHH U TOT K€ Tpo-
MEXYTOK BpEMEHU A t =1, _t;.

Puc. 2. B cpenem cheprueckn cumeTpruaHOE 00pa3oBaHue, BHYTPH KOTOPOTO
MOCTOSTHHO Xa0THYECKH OJTy»KIaeT 4acTUIa («TOUKay)

YcpenHeHHYI0 KHHETHIECKYIO SHEPTHIO Oy KIaromed «TOYKM» MpeacTa-
BUM B BUJIE!

- 1 <
T(pxnt)zﬂj.p(px)pidpx, (13)

rae p(px) — WIOTHOCTH pactpeneneHust BeposatHocTd (IIPB) cocraBmsromieit
UMITYJIbCA p, MaTEPUATTBHON «TOUKI.
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prC,I[HCHHyIO MOTCHIHUAJIBbHYIO SHCPTHUIO «TOYKN» MMPCACTABUM B BUAC:

U(x,t) = TP(X)U(x)dx, (14)

rae p(x) — ITPB MecTa Hax0XIeHHS IPOCKIIUK HA OCh X «TOYKH, Oy KTatoIIeH
B OKPECTHOCTH YCJIOBHOTO «IIeHTpa» (puc. 1 u 2).
HOZ[CTaBJ'ISISI (13) u (14) B ycpenuennoe neiictaue (12), momydmm:

S = I IP(PX)dePx Ip(x)U(x)dx dt + Et. (15)

Jlnist nanpHenero BpIBO/Ia ypaBHEHUS LHpezu/IHrepa HIDKE TTPUBE/ICHBI J1Ba
BCIIOMOTaTEIbHBIX MyHKTa. [IepBBIii MyHKT, SIBISIOIIUICS pa3pabOTKON aBTOpa
[2; 3], mocBsiIeH onpeneneHnto IIIOTHOCTH PACIpeaeIICHHS BEPOSITHOCTH TIPO-
W3BOJHOM n-r0 mopsiaka n pa3 auddepeHunpyemMoro, cayq4aiHOro CTaloHap-
HOTO Tiporiecca. BTopoii myHKT «KoopanHaTHOE MpeACTaBIEHUE YCPEAHEH-
HOTO WMITYJIbCA YacTHUIBD) M03auMCTBOBaH u3 pabotsl JI.W. broxuniesa [5]
JUTS yIOOCTBA CCHIIOK.

3. Onpedenerue niomuocmu pacnpeoeieHust 8epOSMHOCHU NPOU380OHOU
n-20 nopsoka n pas ouggepenyupyemozo, CIyuaiHozo,
CMAYUOHAPHO20 Npoyecca

Omnpenenenne crocoda HAX0XKICHUA ITIOTHOCTH PAaCIPEIeTICHHS BEPOSITHO-
ctu (ITPB) npon3BoaHON CTAIMOHAPHOTO B Y3KOM CMBICIIE CIy4alHOTO Mpo-
necca npu u3BectHo I1PB camoro 3Toro mporecca siBiseTcs KJI04Y0M K IIOHU-
MaHHIO KBAaHTOBOW MEXaHWKH W TPaHMUII e¢ IPUMEHEHHs. Perenne nanHoit 3a-
JIa9{ TI03BOJISIET 0OOCHOBATh KBAHTOBO-MEXaHUYECKYIO MPOLEAYPY Mepexona
OT KOOPJMHATHOT'O MPECTABICHUS K UMITyJIbCHOMY U, HA000pOT O€3 MpHBJIe-
YEHUsI TUTIOTE3bI O CYIIECTBOBAaHUHU BOJIH MaTepuH jie bpoitns. Oto craHoBUTCS
BO3MOYKHBIM B CHITY TOTO, YTO UMITYJIbC YACTHUITHI (MaTEPHATHHON «TOUKID)) JTH-
HEIHO CBs3aH C MPOU3BOJHOMN OT €€ KOOPIUHATHL p,= m-0x/0t = mx’.

Kpowme Toro, mpobiiema onpenenenus oqaomepHoit [IPB p[&'(¢)] — mpous-
BOJIHOH #1-T0 mopsizika 1 pa3 AnhepeHIupyeMoro Ciry4aiiHoro CTallHOHapHOTO
nporecca ¢ (£), pu U3BECTHOHM TONBKO ero ogHoMepHOH [1PB pi[¢ (¢)], Bo3HU-
KaeT B psiie APYTuX 3a/1a4 paAno(U3NKU U CTATUCTUIECKOW MEXaHUKH.

OTMeTHM BHaYaje 00Iue CBOWCTBA IIEPBOM MPOU3BOTHOM CIIyYaifHOTO CTa-
IIMOHApHOTO Tporiecca &(7). st 3Toro paccMOTpUM v ero peanu3anuii (puc. 3).

21



HeHTp HAY4YHOI'O COTPYAHHYECTBA «I/IHTepaKTI/IB TLTHOCY

&1
aner
VA
N7~ o —~ T L
)
Gi
P A / N P P SN T, t
E — e NN ~—
=l
~
é\l-l
[V AN AN . N P . . . t
AN A N4 p— ~
g
&
&
’.\\ h\ r % ¥ \ P N /-\ N t
& S h—y T — — =
Lol nf
T=to-t2

Puc. 3. Peanmmzanum, 1o kpaitHeit mepe, onuH pa3 nuddepeHIrpyeMoro
CIIy9aifHOTO CTaIlMOHapHOTO Iporecca &(f)

U3 puc. 3 BUIHO, YTO 3HAYECHUE CITyYaiHON BEHYMHEI {(#;) B CEUCHUH ; U

o&(t,)

’
3HA4YCHHUC HpOH3BO}1HOﬁ OTOTO IMporecca g (tz) - at IIpHU TOM K€ 3Ha4YC-
1

HUH apTyMEHTa f; IBJISIOTCS] HE3aBUCHMBIMH, a CIIEIOBATEIbHO, U HEKOPPEIH-
POBaHHBIMH, CIy4aliHBIMU BelIMUMHaMU. J[aHHOE YTBEPIKICHUE MOXET OBITh
BBIPKEHO aHAJUTHUYECKH [6]:

CEEXE )= LGP = S EGOF s =0, (10
rae < > 03Ha4YaeT yCPEeIHEHUE M0 Pealn3aiusM. 31eCh YUTEHO, YTO OTEPAIiH
nuddepeHIMpoBaHUs U YCPEAHEHHS B JAHHOM CIIydae SBJISIFOTCSI KOMMYTaTHB-
HBIMH, M YTO BCE YCPECIHEHHBIC XapaKTEPHCTHKU CTAIIHOHAPHOTO B Y3KOM
CMBICIIE TIPOIIECCa SIBISIFOTCS TIOCTOSIHHBIME BEJTMYMHAMH, B TOM YHCIIE €0 JIUC-

2

HepCHs HE 3aBUCUT OT BpEMEHH < [5 (t i )] >=const

Peanuzayuu cmayuonapnozo cayuaiinozo npoyecca &(t;), noxkasauHvie Ha
(puc. 3), MOJICHO UHMEPNPEMUPOBAMb, KAK USMEHEHUSL CO 8PEMEHEM NPOEKYUU
Mecma Haxodxcoerust bayxcoarowel «moukuy Ha ocv X (puc.2 u 3), m.e. x (f) =
< (@)

OpHaKo e MPH CTATHCTHYECKOM HE3aBUCUMOCTH CITyYaiHBIX BEJTHUYHH &;
n ¢ Hekas cBsa3b Mexny I1PB p (&) n IIPB pi(&;”) cymecTtByet. OT0 BBITEKaeT
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13 U3BECTHOH mporenyps! nonydenus [IPB npomsBogHoit pi(¢7) mpu n3BecT-
Ho#t nByxmepHoii [IPB cinyuaiinoro craiimonapHoro mnpoiecca [6; 7]

pz(é:i’;/) pz(é:n 1’§i9tj)- (17)

s aToro B BeIpaxkeHnH (17) HE0OOXOAUMO cHeNaTh 3aMEHY IIePEMEHHBIX:
J— T ! . J— T ! . — z- . — z-
gi_gk_zgkﬁ gj_gk"'zgk’ ti_tk_zs lj—l‘k—z,(IS)

rue:

. _ i
T=t, -t =
¢ s;kobnanoM npeodpaszosanus [J] = 7. B pesynsrate u3 [1PB (17) momyunm

pz(gk’élz)zlrig(}fpz(ék_%g’ P T St 5 J (19)

Jlanee, uHTErpUpYSI MOJIyYEHHOE BBHIpAKEHUE M0 &k, HaliieM uckomyto [1PB
MIPOU3BOIHOM UCXOJTHOTO Tpoliecca B CEUCHUN 4 [6; 7]:

AR XCR-TES (0)

®dopmansHas npoueaypa (17) — (20) mo3BoiseT pemuTh 3a1a4y onpe/ese-
uus [1PB pi(¢7) mpu m3BectHOU AByxmepHoii [IPB (17). Ograko n1ByXMepHBIE
I1PB ompeneneHs! Jyid 0O4eHb OIPaHUYEHHOTO KJlacca CIy4alHBIX MPOLECCOB.
[TosToMy HEoOXOAMMO paccMOTPEeTh BO3MOKHOCTH moiyueHust [IPB pi(&”)
pu u3BecTHOM ogHOMepHO# [IPB pi(&).

Jlnist pereHust IIoCTaBICHHON 3a/1aui BOCIIOJIB3YEMCS CIITYFOLMMHU CBOM-
CTBAaMH CITyYaifHBIX ITPOIIECCOB:

1. AsyxmepHast [1PB moGoro cimywaifHOTO mporiecca MOXKeT OBITh Ipej-
craBjeHa B Buje [6; 7]:

P&t )= pi(Ent)ple e, 160t,), @1)

rae p(&, /&, t;) — ycnouast I[IPB.
2. ]IS cTanroHapHOTO B Y3KOM CMBICHE CIy4YailHOTO Tpoliecca CIpaBe-

JINBO TOXAECTRBO [6; 7]:
p(&at)=plE0t;). (22)

3. Ycnosnas IIPB ciyuaiiHOrO cTaliMOHApHOTO TIpoIiecca MpHU 4 — ¢ BbI-
poxmaercs B AenbTa-GyHKmuio [7]:

lim p, (£, /¢,.1, )= (& - ¢, ). @3)

Ha ocHOBaHMM BBILIENEPEYUCIICHHBIX CBOWCTB PacCMOTPUM cnyqaﬁHLn‘/'I
TpOLECC Ha yJacTke] 4 - 7o; i+ 7 [ 1ipu T — 0 mocpencTsoM cienyoeii ¢pop-
MmanbsHO# npouenypsl. IIPB pi(&) = pi(&;, 6) u pi(&) = pi(&, 1)) Bcerna MOKHO
MIPEACTaBUTh B BUJIE IPOM3BEACHNUS IBYX (DyHKIIUH

AE)=AE)AE ) =97 (E) 24)
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p(s;) = ‘P(fj )(p(é,- )=¢ (51) ;

rae ¢(¢;) — MIOTHOCTh aMIUTUTY B! BeposTHOCcTH (ITAB) ciaywaiiHol BeTUYMHBL
& B CEUCHUHN 1.
JIJis cTralioOHapHOTO CIy4aifHOro mpolecca CIIpaBeAInBO TOXKIECTBO:

ol&)=0l¢,). es)

B UeM JIETKO YOCIUTHCS, B3sIB KBaAPATHBIN KOPEHBb OT 00EUX YacTei TOKAECTBa
(22). Torna, cormacuo (24), moaydanm (25). OTMeTHM, 9TO TOXKIECTBO (25) mpu-
OJMDKEHHO CIIPAaBEMIMBO U JUIsl OOJBIIMHCTBA HECTAMOHAPHBIX CIy4aiHbBIX
mporeccoB mpu t — 0, T. e.:

o(&1,)= lim (&, 1, =1, -7) (26)

IIpu BEIMONTHEHUU ycnom/m (25) BeIpaxkeHue (21) MoKeT OBITH IIpeacTaB-
JICHO B CHMMETPHYHOM BHJE:

plé.&)=olE)ole, 1) 0le,), @7

rne p(& /&) — yenosras [1PB, nnu B pa3sBepHyTOM BUjE:
T T
pl:flal 5;§j’[j:[k+5:|:

T T
_¢{§,/ —E}p{épﬁ/—tk+~5 I Et =t ——J {gmq t +2}

(28)

Ycrpemum B (28) 7 K HYJIO, HO TaKUM 00pa3oM, YTOOBI HHTEPBAJI T PaBHO-

MEpHO CJIeBa 1 CIpaBa CTATHBAIICS B TOUKY f = (#—1;)/2, Torna ¢ yaetom (23) u3
(27) momyanm

lim p(&, &) = im{p(&) (&, 1 E)0(E)) = p(6,)3(E, — EI0(E,),

(29)
rne &ix — pe3yabTaT CTpEMIICHHS CITy4aitHOM BeTMYHHBI &(¢;) K CITydaifHOH Beu-
yuHe &(#) cneBa; Cjx - pe3yabTaT CTPEMIICHHS CITyJaiHON BeMInHBI £(4) K City-
yaitHo! BenuunHe (7)) crpasa.

[TpounTerpupoas 06e yactu BoipaxkeHus (29) mo & u &, momyqnm:

o0 o0
J J(p(éik)5(§jk _é:ik)(o(é:jk)déikdé:jk =1, (30
—00 —00
Bripaxenue (30) siBisiercst popManibHBIM MaTEMaTHUECKUM TOXIECTBOM U3
Teopun 00OOIIEHHBIX (PYHKIMHA, YIUTHIBAIOIINM CBOWMCTBA JNeNbTa-(pyHKIHH
(0-¢ynkmn). /st Toro, 4ToObI HaOJMHUTE BeIpaxkeHue (30) dpuznueckum co-
Jiep)KaHHeM, HeOOX0MMO 33/1aTh KOHKPETHBIN BU O-(DYHKIIHH.
OmnpenennmM Buf J-QyHKIIMN AJIS1 MAPKOBCKOTO CITyYaiHOTO TIpoIiecca.
PaccmoTpuM HenpephIBHBIN CiTyuyaifHBIN MapKOBCKHI MpoLecc, Al KOTo-
poro cripaBeaIBO ypaBHeHHe DifHiTeliHa — Dokkepa [7; 8]:

0p(&; /8 _ L o07p(E; /¢
o agr 7
rae B — koaddunpent quddysun.
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Oro nuddepeHnnansHOE ypaBHEHNE TAPAOOINIECKOTO THIIA UIMEET TPH pe-
IICHUS, OAHO U3 KOTOPBIX MOXET OBITh IIPEJICTaBIeHO B BHUIE [7; 8]:

1 0
pol&uty Gty )= [explia(&; — &) - 4B, ~1)}da. 2y

rne g — 0000IIeHHBIH mapameTp.
ITpu 4, — ¢t; = 7 — 0 u3 (32) nomyYnM OJHO M3 OTIpeAEIeHNH J-QyHKINH:

lim p(&/¢) =~ [explia(Ey - E0Ma =56, &), 9)

IockonvbKy Oannbvlil pe3yibmam noayden O1s npedenbHo2o Cy4as, m.e.
npu © — 0, mo He uckmouero, ymo o-Qyuxyus (33) moscem coomeemcmao-
8amy He MOAbKO MAPKOBCKOMY, HO U MHOUM OpPYeUM CMAYUOHAPHBIM CyUAli-
HbIM NPOYECccam.

[MoncraBuB nonyueHnyo o-pyHkuuio (33) B BeipaxkeHue (30), momyuum

[ [ ot o0 [exptig, - £ordg déyde.

—00 —00 —00
(34)
[TomensB B (34) NOPAIOK HHTETPUPOBAHUS, HIMEEM
0 0 o0

I ﬁ I O(Sy ) expi—iq&y tdéy, ﬁ J.(p(fjk)exp{iquk)dfjk dq .

(35)
Yurem, uto, cornmacHo (25), ¢(&i) = ¢({ix) 1 9TO ¢ y4eTOM CBOUCTB J-(PyHK-
i Ei = & = & [Ipu aToM BeIpakenue (35) npuHUMAaET BHI:

[e@0" @da=1, 66)

—00
rIe:

ola) == [oteei-iaijae, @)

0lg) == [ explig s, o8)

*
[MToapIHTErpaIbHOE BBIPAKEHUE (P(Q)(P (Q) B uHTerpaie (36) orBevaeT
BceM TpedoBanusiM [1PB p(g) ciryuaitHOW BeTHMYMHEI g:

P(@)=9@)0" (@) =|o(q) . (39)
25
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BrrsicHEUM Temepsh, YTO MPENCcTaBIsIeT co00H cirydaiiHas BenwduHa ¢q. s
3TOTO BEPHEMCS K PacCMOTPEHUIO BhIpaxeHus (32). PesynbraT uHTErpHpOBa-
HUSI B TIPABOM YacTH ATOTO BBIPAKCHUS HE 3aBHCUT OT BEIMYMHEI g. [loaTomy
ee MOKHO paccMaTpHBaTh Kak HEKYI0 0000MIeHHy 0 YacToTy. OqHaKo (pusmye-
CKasl IOCTaHOBKa 33aJjaukl ¥ OpMaTU3M MAaTEeMaTHYECKOH 3aUCH BBIPAKEHHS
(32) HaxyragpIBAIOT HA BEIMYHHY ¢ CICTYIONINE OTPAHUICHUS:

1) BenmmuMHA g TOIDKHA XapaKTEpPHU30BaTh CITyYaHBIN ITPOIIECC B HCCIIETye-
MOM HHTepBaJe |t 1o; t;+ 7 mpu 7— 0;

2) BeJIMYMHA ¢, COTIIACHO MAaTEMaTUIECKON 3aIMCH MPaBON YacTH BbIpaXKe-
Hus (32), norKHA IpUHAIEKaTh MHOXKECTBY JICHCTBUTENBHBIX ynceln (¢ € R'),
HMMEIOLIEMY MOITHOCTh KOHTHHYYMA, T. €. ¢ JT0JDKHA UMETh BO3MOXKHOCTH TIPH-
HUMAaTh JI000e 3HaYeHUE U3 TUara3oHa |— o, © [;

3) g no/mkHa OBITH CITyYaiiHON BETHUHUHOM.

Bcem tpem TpeOoBaHMSIM YIOBJIETBOPSIIOT JIF00Ast M3 CIAECAYIOIINX CITyJaiHBIX
BEJINUMH, CBSI3aHHBIX CO CITy4YaliHbIM r[pouecc0M Ha HCCIIeTyeMOM UHTEPBAJIE T

n
r_ aék " a é:k (n) _ a gi

(:;E,'__a f 5 eee (: P (40)

ot ot ot
OpHaKo 3TH CIy4aifHble BEJIMYMHBI XapaKTepHU3yIOT MPOIiecC HE B PaBHOU
creneHu. PaccMoTpuM oJiHY W3 peanuzauuid uccienyeMoro npouecca. OyHk-
us £(f) (puc. 3) B UHTEPBANE £ ; ¢ = ti+ T] IPH T < Top (TIE Tiop — PATUYC KOP-
peNSIMY CITy4aiHOTO Tpoliecca) MOXKeT OBITh pa3nokeHa B psj Teitnopa-Ma-

KJIOpCHA
f(t) 5( )+§(t )z’+§( )z' +.. +§(n) (41)

n!
3anumem Beipaxenue (41) B cne,uyfomeM BHJE:

éi _f[ , §VV é:(n)T’FI

=&+ =+ .+ T—+... (42)
T 2! n!
Tax e kak B (33), yCTpeMUM 7 K HYJIIO, IPH 3TOM (42) CBOAUTCS K TOXKIC-
CTBY:
. ;i - gi
lim~t——=¢ (43)
70 T

Takum 00pa3oM, eIMHCTBCHHOW CITydailHON BEIMYMHON, YIOBIETBOPSIO-
e BCeM BBIIIEIIEPEYHCICHHBIM TPEOOBaHMAM Ha HCCIIEyEMOM BPEMEHHOM
UHTEpBaNe [f; = t-7/2; t; = ty+ ©/2], npu © — 0, sIBIAETCS NepBasi IPOU3BOIHAS
HCXOJHOTO CITy4aifHOTO Tporecca &' B cedeHnH ¢ ClieoBaTebHO, OCTaeTCs
MTOJIOXKUTh, YTO CIIydaifHas BeMWYMHA ¢ B BeIpaxkeHHUAX (32) — (39) munelHO
CBsI3aHA TOJBKO ¢ &'t T. €.:

fk

q= (44)
77
rae 1/ — ko3¢ UIIEeHT IPOIOPIIOHAIEHOCTH.
IToacrapnss (44) B (36) — (39), MOAyYNM CIEAYIONIYIO HCKOMYIO TPOIIE-
nypy nonydenus [IPB mpousBomuol p(&%) ciay4aliHOTO CTalMOHAPHOTO
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MapKOBCKOTO (803M0tcHO u Opyeo2o) Tiporiecca &(f) B CCUCHHN #; TIPU U3BECT-
Hoit omHOMepHO# [1PB p(&;) B TOM Xe ceuennu:

1. Bagannast ogaomepHast [IPB p(&) mpencrasisieTcs B BUie IPOU3BEIESHUS
JIBYX TUIOTHOCTEH aMIuuty] BepostHocTH ([TAB) ¢(&):

p(&)=p(&)p(&). (45)

2. OcymecTBistoTcs qBa npeodpazoBanus Dypne

N -
P& = ﬁ_Lw(é)eXp{lé EInydé (46)

N o
co*(f)—ﬁj;co(é)exp{ iEEIntdE @)

3. OKOHYATENbHO IS MPOU3BOJIBHOTO CEYEHUs CIIyYalHOTO CTaIlMOHap-
HOTO MapKOBCKOT0 IIpoliecca noixy4uM uckomyto I[1PB mpoussonHoi

* 2
P& =& ) (&)= ple) . (48)

Ewe paz ommemum, umo npoyedypa (45) — (48) mooicem dvimov npumenuma,
He MOAbKO K CIAYUOHAPHBIM MAPKOBCKUM NPOYECCAM, HO U KO MHO2UM OpYeUM
CMAYUOHAPHBIM CTYYAUHBIM NpoYyeccam, 015 kKomopwix npu T — 0 d-pynxyus 6
(30) npunumaem 6uo (33).

JUi1s1 BBISICHEHUST (DU3MIECKOTO CMBICTA KO3 OHUIEEHTa PONOPLIMOHATIEHOCTH
1/n BoCTIONB3yeMCsl CpaBHEHHEM C M3BECTHBIMH pe3yJbTaTaMu. J|aHHBIH TOAX0x
HeOe3ynpedeH ¢ TOYKH 3pEHHs] MaTeMaTHIeCKOW CTPOTOCTH, HO MO3BOJISIET JA0CTa-
TOYHO 3((HEeKTHBHO MOIYYUTh KOHKPETHBIH, MPaKTHYECKN BaKHBIN Pe3yIIbTar.

PaccMoTpuM cTanoHapHbIi TayCCOBCKUI cirydaiiHblid pouecc. [lpu atom
B K&XXJIOM CEUSHHH 3TOTO IpOoIiecca CiIydyaifHas BelnuuHa ¢ pacrpe/esieHa no
rayCcCOBOMY 3aKOHY:

p(&)=———ew | (£ -a;)? 1202, 9)
,/27[05

TIe O % ¥ az— IUCTIEPCHS U MATEMATHYECKOE OXKHUJIAHWE JAHHOTO MPOIECca
&@).

Ocymiectisis ¢ [TPB (49) mocnenoBarensHOCTE omneparuit (45) — (48), mo-
syuuM [TPB npousBonHO# paccMaTpuBaeMoro cirydaiiHOro mnpoiecca:

12
pey=—>L _exp {— s } (50)

27r[77/2cr§]2 2|77/20'§|

C npyro#t CTOpPOHBI, C IOMOIIBIO U3BECTHOHM mporexyps! (17)— (20) mus
AQHAJIOTUYHOTO CITydasi HoxyquM [6; 7]:

r 1 ’
PEN= e ferrael)

TIE 0z = 0 /Teop, Trop- PAIHLYC KOPPEISIIMH HCXOTHOTO, CIYYaifHOro mporiecca

¢.

(1
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CpasruBast Belpaxenust (50) u (51), Haxoanum, 9To npu

20 ;
n=— (52)
T Kop

3ty [IPB noJHOCTBIO COBIIAAALOT.

Buipaoicenue (52) nonyueno 0ns 2aycco8ckozo CayyaiiHoeo npoyecca, Ho
0z — cpedneKeaopamuyeckoe OMKIOHEHUE U T xop— PAOUYC KOPPETAYUU — IO
OCHOGHbIE XAPAKMEPUCMUKY 1100020 CIMAYUOHAPHO20 CIYHAUHO20 NpoYyeccd.
Bce ocmanvhule nauanvhvie u yenmpansHsle MOMEHMbL 6 Cyude He2aycco620
pacnpeoeneHusi CIy4anuHou geaudunvl &(t) oadym manviil (He3HauumenbHbulii)
6K1A0 8 gvipadiceHue (52), nOIMOMY C 8bICOKOU CHMENneHbio 00CMO8epHOCU
MOJCHO YMBEPAHCOAMb, YMO OHO NPUMEHUMO O 6OTLUIO20 KIACCa CMAYUo-
HAPHBIX CYHAUHBIX NPOYECCO8.

Heo6x0auMo OTMETHTB, 9TO B CTATUCTHYECKOH (pH3MKE U KBAHTOBOM Mexa-
HUKE JJIsl Iepexo/ia OT KOOPIMHATHOTO MPEICTABICHUsI (QYHKIUH COCTOSHHUS
9JIEMEHTApHOM YacTHIBI K €€ HMITyJbCHOMY IPEACTABICHHUIO ITPUMEHSETCS

OpMaJibHasi TIPOIeypa, IPAaKTUIECKH ITOJIHOCTBIO aHAJOTHYHAsl MpOLeaype
?215 — (48). Paznuune 3aximo4aeTcss TOJIBKO B ONpPEAEICHUU Koacp(ﬁnunema
MIPOTIOPIMOHANEHOCTH 1/7.

B kBaHTOBOH MeXaHHMKe XOpOLIO M3BECTHO, YTO €CIIM MPOEKLHS Ha OCh X
TMOJI0KEHHST CBOOOIHOM 3JI€MEHTApHON YacTHUIIbI (HaIpUMep, JIEKTPOHA) OITH-
CBIBAETCsI rayCCOBBIM pacnpenenenueM [9]:

x2

1
p() =y () = —=exp -1, (53)

270 2 20,

IZie 0y — CPETHEKBAIPATUIHOE OTKJIOHEHUE IPOEKLIUY MOJIOKEHHS SIeMEHTap-
HOM YaCTHIBI HA OCh X B OKPECTHOCTH CPEIHEro 3HaueHUs (T.€. «IECHTPa» CH-
CTEMBI), TO B pe3yJIbTaTe ONepaluii, aHaTOTUIHEIX orepatisiM (45) — (48), mo-
myuaercs, uTo 1IPB cocraBnsromeil ummynsca px 3JI€MEHTapHOW YacCTHIIBI
TOXe rayccona [9]

1 p2
p(p) =y (p. ) = ——exp - L (54)
| ) 1/27[6 lzjx Zo_;x

CO CpCAHCKBAPAaTUIHBIM OTKIIOHCHUEM

n
o p. = Z 5 (55)
rae 7= 1,055-10-* Jli/T'n — nocrosuHas I1nanka.
Ecim Temepr y4ecTh, UTO COCTABISIONIAS WMITYJIbCAa 3JIEMEHTapHOU dHa-
CTHUIIBI (HATpUMeEDP, JIIEKTPOHA) py paBHA:

dx , 56)
Py=M,— =MmM,X
X e ’t e (
rzie m. — Macca 1mokos anekrpona, To I[IPB (54) ¢ yaerom (55) mpurnMaet Bug

1 x'?

exp{—
J2z[nim, 20 ) 2[n(m,20 )]
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CpasruBas (50) u (57) ¢ yaerom (52) u &' = x', oOHapyXuBaeM, 4TO UL
paccMaTpHBAEMOTro CITydast:

n=——="—"", (58)

rae:
2m,ol  2-0,91-10

e ex

2 =1,73 .10 *c 2 (59)

T - e ex

« h 1,055 -10 ~**

— paayc KOppeIsIInY CTAI[HOHAPHOTO CITy4aifHOTO Mpolecca, KOTOPHIH sB-
JeTCs pe3yIbTaTOM NMPOEKIUH Xa0THYECKOTO IBHKEHHUS «TOUKI» (3JIEKTPOHA)
Ha OChb X BO3JIC YCJIOBHOTO HEMOABIKHOTO «IIEHTPa» CHCTEMHI (puc. 1 u 2);

Oex — CPEIOHEKBAIPATUYHOE OTKIOHEHHE INPOCKIIMU XAOTHIECKU JIBHKY-
Ieicsl «TOYKW» (DJIEKTPOHA) HAa OChb X B OKPECTHOCTH CPEIHETro 3HAueHUSs
(T.€. YCIOBHOTO «IIEHTPa» CUCTEMBI).

U3 Beipaxenns (58) cnemyer, uro mocTossHHAs [Imanka 3To He Hekas QyH-
JlaMEHTaIbHasi KOHCTAaHTa, & BEJINYMHA, BbIpa’kacMasi 4epe3 OCHOBHBIE yCpel-
HEHHbIE ITapaMeTphl CTAIIMOHAPHOT'O CIy4YaiHOTO MpoIecca

2
h = 2o,m , (60)
T

e

ux

r7Ie B 00IIeM cirydae:
Oux — CPETHEKBAJPATUYHOE OTKJIOHEHHE TPOSKIMH XaOTHUECKH ABHXKYILEHCS
YaCTHIBI («TOYKHM») HA OCh X B OKPECTHOCTH CPETHETO 3HAUEHHMS (T.€. KIEHTPa»
CHUCTEMBEI);
Tyx— PAIIIyC KOPPEJLMU JAHHOTO CTAllMOHAPHOTO CIIyYaiHOTO IpoLecca.

Jlst MHOTHX TIpHJIOKeHUH Oojiee BaKHO He caMo BeIpakeHue (60), a cBs-
3aHHOE C HUM COOTHOIIeHHue (52), KoTopoe B 00IeM ciiydasi yIoOHO npencra-
BUTH B CJICYIOIIEM BHIE

2

_ 20, _ N1 1)

T m

ux

y

OTMeTHM CIIelyIoNIHe TPOMEXYTOUHBIE BHIBOBI:

1. KBaHTOBO-MEXaHMYECKHIA TEPEX0 OT KOOPIUHATHOTO MPEACTABICHUS K
UMITYJIbCHOMY NPUMEHHM HE TOJBKO K IpOIleccaM MHpa JJIEMEHTapHbIX da-
CTHII, a K JIFOOBIM CIIy4aiHBIM CTAllMOHAPHBIM MapKOBCKUM (U 803MONCHO MHO-
2um Opyaum) TIporieccaM, Kak B MUKpOMHpE, Tak U B Makpomupe. Hampumep,
BETKa JepeBa, MOCTOSHHO XaOTHYECKH KOJECOIFONIAsACS BO3JIE CPEIHETO MOJI0-
KeHusl (YCIOBHOTO «IEHTpa») MoJl AeHCTBUEM OBICTPO MEHSIOIINX HalpaBie-
HHUH TIOPBIBOB BETpa, BelleT ce0sl aHaJIOTMYHO MOBEIECHHIO 3JIEMEHTApHON Ya-
CTHUIIBI B «IOTEHIUAIBHOI siMe». KoleOaHus BETKH TaKKe HMEEeT AUCKPETHBIN
(XBaHTOBBII) HAOOP YCPETHEHHBIX COCTOSHUI B 3aBUCUMOCTH OT MHTEHCHBHO-
cTH TOpBbIBOB Betpa. [Ipy cnabbix mOphIBax BeTpa BeTKa B OCHOBHOM KOJIEO-
JIETCSI BO3JIE YCIOBHOTO «ILIEHTPa», IPU ATOM ITOJI0KEHHE €€ KOHI[a MOKET OBITh
OITICAHO TaycCOBBIM pacmpenencHieM. [Ipu Gonee MHTEHCHUBHBIX MOpPBIBaX
BETpa KOHEI] BETKU B CPEJHEM BpaIaeTcs 10 KPyry; IpH erie OOJIbIINX MOPbI-
BaX BETpa ee KOHEIl B OCHOBHOM OITUCHIBAET BOCBMEPKY, U T. JI. B 3aBHcHMOCTH
OT CHJIBI BETpa KOHEL BETKM MOKET B CPEJHEM OIHCHIBATD JIUCKPETHHINH HabOp
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¢uryp Jluccaxy. [pyrumMu cioBaMu, KBAHTOBO-MEXaHIHUYECKUIA GOpMaITU3M He
SBJIAETCS SKCKIIO3UBHOH 0COOEHHOCTBIO MUKPOMHPA, OH TaKKe IIPUMEHHUM U K
CTaTUCTUYECKOMY OIMHCAHHI0O MHOTUX Xa0THYECKHUX MPOLIECCOB MAaKPOMHUPA.

2. Anroput™m (45) — (48) nmepexona 0T KOOPAMHATHOTO NpecTaBiIeHus p(&;)
K UMITyJIbcHOMY p(m¢}) 1 00paTHO NMoTydaeTcsi P KOHKPETHOM BUJIE O-(PyHK-
u (33). IHTepecHO NpoaHaIn3upoBaTh, YTO MOJYYUTCS IPU APYTHX BHIAX
o-¢yHKIUU?

3. Ha ocHOBaHMY BBHIIIEH3IIOKEHHOTO MOXKHO mmony4duTth [IPB p(&") — BTO-
pO¥ TPOM3BOIHON MCXOJHOTO, MO KpaiHeil mepe IBaxabl AudepeHuupye-
MOT0, CIIy9aiHOTO mporiecca. st 3Toro B KauecTBe CIIy4JaifHOTo Ipolecca clie-
IIyeT paccMaTpUBaTh He caM mporiecc & (7), a ero mepByro NPOU3BOAHYIO & (2) =
0&(t)/0t. Torma pactpeneneHne BTOPOH MPONU3BOTHOIN MOKHO OIPEAEIHTH I10-
CpEICTBOM TOii ke mpouenypsl (45) — (48), Tompko mpu 3ToM BMecTo p(<i) B
(45) — (48) HEOOXOTUMO TIOACTABUTH yKe p(&f).

Ananorngno Moxer ObTh momydena IIPB p(&(™M) mo6oit mpon3BoaHOiM 1
pa3 auddepeHIupyeMoro CiIy4aiiHOTO CTAllMOHAPHOTO MPOIIEcca C IOMOIIBIO
CIIeAYIONIEeH PEKyPPEHTHOH POy b

p(E) = gl e, ©)

~ ié(")f(nfl)
n

n l K n— n—
o)== o e ag" M ;(63)

() 1 [ (n-1) igMet JEOD . 6a
<0(§ ) ﬂfwf ) €Xp I g ; (64)

—00

PE™) =gl ) (e)

rac:
2
2U§(n_])
M = PR (65)
Kopf("_l)
2
O cns T,y 1) — MMCTIEPCHS M PAZIMYC KOPPEALIH 72-1 a3 auddepenin-

PYEeMOro cily4aifHOro CTallMOHAPHOI'O IIPOLECcCa.

4. Mpoenypa (45) — (48) MOTHOCTHIO aHANOTWYHAS KBAHTOBO-MEXaHHUYC-
CKOH Iporneaype nepexoja oT KOOPAHHATHOTO IpeCTaBIeH s KBaHTOBOH CH-
CTEMBI K €€ HMITYJIbCHOMY ITPEACTaBIICHHUIO, TI0JTyYeHa 3/1eCh HA OCHOBAaHHH UC-
CJIEIOBAHUS pealu3aluil OOBIYHOIO CIIy4aifHOIO CTallMOHApHOIO IpoLecca,
T.c. 6e3 TpHBIeUYeHHS (HEHOMEHOJOTMYSCKUX TNPUHLHUIIOB KOPIYCKYJISPHO-
BOJIHOBOTO JTyaJl3Ma.

Taxxe HeT HEOOXOIUMOCTH HCIIONB30BaTh TUMoTe3y Ae bpoiing o cyme-
CTBOBAaHHH BOJIH MAaTEPUH JUTS ONUCAHMS TU(PAKIMK ATOMOB H 3JIEKTPOHOB Ha
kpucramie. OTcputaem, HanpuMep, K 1. 2.9.6 B 3emeHoi yactu ANreOpsl CHT-
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Hatyp [3], Te moxydeHa ¢popMyna 1 pacuéra 00beMHOM ArarpaMMsbl (MHIH-
KaTPHCHI) PaCCESTHUS JaCTHIl HA MHOTOCTIOHHON ITEPHOANYECKON TTOBEPXHOCTH

KpHUCTajia:
2, sin’lrm /2= k(@ +6%)/¢* /2] |elalb), — al b))+ ¢, (bal, — ab), )
pWv,0/8,y)=4rnik, R P e . 4
— k2@ +b%)/ ] 22 2
[(zny) x c“Na“+b
(66)
rac.
a=cosvcosw+cosdcosy, b=cosvsinw+cosIsiny, c=sinv+sind, a, =-sinvcosw,
b, =-sinvsinw, ¢, =cosv, a, =—cosvsinw, b, =cosvcos®
yIasl 9, % @ u v IOKa3aHbI Ha puc. 4
ko = Top n1'2/ (0,066 1),
31ECh:
[/} — TONIUHA OJTHOTO CJI0s, T. €. OJTHOW CHHYCOHJATFHON IKBUIIOTCHIINATEHOM
TIOBEPXHOCTH;

11— 9UCIIO CII0eB, 3P(PEKTUBHO YIACTBYIOIINX B PACCESHUH YaCTHUII;

Frop— YCPEAHEHHBIN paJuyC KPUBU3HBI OJHON CUHYCOMIaIbHON SKBUIIOTEHLIU-
aIbHOM MOBEPXHOCTH. JIJI1 MOHOKPUCTAIIA Y BCEX CUHYCOUIAIBHBIX SKBUIIO-
TEHINATBHBIX MTOBEPXHOCTEH 7xop ONMH ¥ TOT K€ M IO CYTH O3HadaeT 3P dek-
TUBHOE CEUCHHE PACCESTHNS aTOMaMH KPUCTaIa SJICKTPOHOB.

PesynbraTel pacuéra o ¢opmyine (66) npu yriie najeHus 4acTUI] Ha I10-
BEPXHOCTH KpUcTaiia ¢ = 45° u a3uMyTanbHOM yrie y= 0°, a TakKe MPH Fiop =
0,0000000001 = 10-'%¢cm, ; = 0,000000001 = 10-° cM, 1 = 1940 (cnoeB), ToKa-
3aH Ha puc. 4.

Puc. 4. lnarpamma (MHIUKATpUCA) PACCESTHUS YacTHI] (DJIIEKTPOHOB)
Ha 1740 cnosix cMHyCOUJaNbHBIX SKBUIMOTEHIIMAIBHBIX TOBEPXHOCTEN
KpHUCTaJIa, pacCYuTaHHast mo opmyie (66) ¢ TOMOIIBIO
nporpammuoro obecnedenus: MathCad 14 [3; 14]

4. Koopounammnoe npedcmasienue ycpeoHeHH020 UMRYIbCA YaACTIUYbl
CoOeporcanue 0aHHO20 NYHKMA XOPOULO U36ECMHO CREeYUATUCMAM & 00.1a-
CMu KAHMOBOU MEXAHUKU, OOHAKO 88UAY YOOOCMBA CCOLIOK U 8ANHCHOCMU NO-
CeQYIOWUX 6bIB0008, NPUBCOCHHbIE HUNCE BbIKIAOKU NPAKMUYECKU NOTHO-
cmvio nepenucanvt uz [5].
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HamomHuM cHavana o cBoiicTBax nHTerpana Jupuxie, GUrypupyromero B
TEOpUHN I/IHTeraJIOB ®yphe U Teopru 0000IEeHHBIX QYHKIHUH [S]:

sin kz 0, ecru a,b>0 wumu a,b<0,
lim— j o(2) dz = 67)
k> 11 ¢@lamua<0,b>0
TaK KakK:
lim L SR _ (z) (68)

k—o0 7z' z
— 3TO0 OJIHA W3 PA3HOBUIHOCTEH J-PYHKITUH.
PaccmoTpuM ams cokpamnieHnst BEIKIIAZO0K CITydai OJHOTO H3MEPEHHS U JI0-
KaXXeM CHpaBe,Z[JII/IBOCTB paBeHcTBa [5]:

jp(p )pldp, = J v (PP (p,)dp, = J V(e t)(zh aj (s,

(69)

n
Tie 1 — 1enasi, MOJIOXKNUTEbHAS CTETIeHb; [, — YCpeIHEHHUE 110 BpeMeHH (WiIn
TI0 peasTi3anusiM) BO3BEICHHOH B CTENIEHb /7 KOMIIOHEHTHI HMITYJIbCa
P~ (mox/0t)"~ (mx")", (70)
W(x) u y(p,) — IIOTHOCTH aMIUIUTY bl BeposTHOCTH (ITAB), KOTOpEIE BBO-

ITCs Kak (24) [l//(x) = (p(x) Tu(@®) [ yw(p,)= (p(px) = §0<mx')], U COIJIACHO

(46) u (47) cBsi3aHBI MEXTy CO00#1 (MIPH YCIIOBUH CTAITMOHAPHOCTHU CITYYaifHOTO
mpotiecca), npeodpa3oBaHUgIMU CDpre:

x x
l-PxX

v(p, = It//(X) )1/2 j://(x) el (1)
w*(p, = j w(x) )m j l//(x) )m

w(x)= Il//(x>( ;md Tw(p)(z ) (72)
.[l//( ) J.l//(px hl/zdpv

(2 )1/2
TAC MapaMeTp #y Onpez[eneH COOTHOIIICHHUEM (61)

202 h
= o T (73)
T m

ux

(27)

u
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Jis mokazaTenscTBa yTBepKACHUA (69), MOICTABUM B HETO BMECTO W(py) U
w*(px) BX BRIpaXXEeHUS depes uaterpaisl (71) [5]:

p; X PN
+00 +0 h

pi=[| [y s jw(x, ok

HemnocpencTBeHHO IPOBEPKOIL JIETKO YOEIHUTHCS, UTO:

——dx, |dp,. (74)

N R
ple " =lih— | e " . (75)
0X,

[Moxcrapmnss (75) B (74) nomy4yum:

L 1]+ P n ﬂ.p;lx,
P :_j Ic//*(xk)e dxkjw(x[ lha_x[] e dx, dp. - (76)

[IpounTerpupyeM BTOpOil HHTETpal B MOABIHTET PAIbHOM BEIPAKECHUH /1 pa3
0 YacTsIM, TIpUUEM OyJeM IpEAIoarath, 4To y(x) U ee MPOU3BOIHbIC 00pa-
IIAFOTCSA B HYJIb HA TPAHUIIAX WHTETPUPOBAHUS X = + co. BEINONHSAS TaHHEIC
NeUcTBUS, HalaeM [S]:

—w —0

_ +oo| +0 Pt +o0 717;)5 a "
Px Z__J; _J;‘// *('xk)e ¢ dxkj [’ha_] w(x;)dx, dp,  (77)

IlepeMeHMM TOPSIIOK MHTETPUPOBAHUS, U OyJeM CHayala HHTETPHUPOBATH
IO Py [5]'

_ 40 . a n 400 l,px(xk—xl)
Pi=o jw (x )dx, | (%7] w(x)dx, [e " dp,.8)
!

—00 —00
Beenem nepemennsie & = py/h, z = Xx; — Xx;. BRINONHSS B MOCIEAHEM HHTe-
rpaine B (78) nHTErprpoBaHue No ¢ B KOHEUHBIX Npejenax oT — k 1o + k, a 3a-

TeM, TIEPEXOAs K Mpeey k — oo, JaHHOE BBIpaKCHUE MPUBOINUTCS K BUIY [5]:

+00

. L0 P sin kz
Pl = j{(zhaJ y/(x)}dx-ll_rg'[oz// (x+z)dz P

—o0

f{(zh —j (x):ldx TW (x+2)0(z2)dz.

(79)
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Ha ocnoBanmm cBoiictB mHTerpana upuxne (67), npu a = -0; b =+oo,
w(z) = w*(x+z) umeem [5]:
pi= (L) v @ = fu e L) v 60

i ox ox

—0

WIIn:

pl= fl//*(x,t)(ih ij w(x,t)dx (81)
et Ox
rac:
v (x,t) =y (x)exp {zu} (82)
W *(x,1) = w(x)exp{—iu}

(u — mpPOU3BOILHOE JACUCTBUTEIBHOE YMCIIO), TEM CAMBIM JOKAa3aHO BBIpaxe-
Hue (69) [5].
C momomsto (70) 1 (73) aHAIOTHYHO MOKHO TIOTYYHTH!

- dx n_+oo ) - 0 n
x _(Ej —Ll// (x)(lma) w(x)de. (83

O0001IeHe HA TPU U3MEPEHUS CBOJIUTCS K YBEIIMUCHUIO YMCIIA HHTETPH-
poBanwuii [5].

5. Bvi600 ypasHenus Lllpeouncepa
BepHeMcs K pacCMOTPEHHUIO YCPEAHEHHOT0 JISHCTBUS Xa0THUECKH OITysKa-
tonieit yactuusl («Toukm») (15)

—_ ) 1 0 © _
S :J. P J.p(px)pfdpx + J.P(X)U(x)dx dt+Et, (84)
. 2m J

IIpencraBum nerictue (84) B KOOpAUHATHOM BUE. /{151 3TOTO BBHITOJIHUM
CIIEAYIOIIHE OTIepalyy.

1. 3ammumem I1PB p(x) B Buae nponsBeneHus ABYX INTOTHOCTEH aMILTUTY B
BeposaTHocTH (ITAB) w(x):

p(x) =y (x,t)y *(x,1), (85)
raec:
_Et
w(x,1) =y (x) eXP{l ?}, (86)
_Et
w*(x,1) =y (x) em{—t;}- (87)
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2. Bocrionb3yeMcsi KOOPJHHATHBIM TPEACTABICHUEM YCPEIHCHHOTO HM-
MyJIbCa, BO3BEIEHHOTO B cTeneHb 7 (81). IIpu 3ToM B 4acTHOCTH HMeeM

pl={p(p)pkdp, = JV/ (x, t)(lh 5) w(x,0)dx | (ss)

3. Ucnons3ys (88), mpencraBum ycpe/:[HeHHy}o KHMHETUYECKYIO DHEPTHIO
«roukwu» (13) B BUIE:

1

— - 5 1 T hz K 82 * xat
T=——pi=5—[pr)pidp, = —Eft//(x,t)%dx,

2m

(89)

YcpenneHHast HOTeHIMAIbHAS SHEPrust «Toukm» (14) ¢ yuérom (85) npu-
HUMAaeT BUJ:

U= Tl//(x,t)U(x)l// *(x,1)dx, (90)
TIpoBEpKOii JIeTKO YGEHTHCS B TOM, HTO:
E=E= Ilh w(x)e™” (%,//()ca)—e’mdx =const, (91
wm ¢ yuetom (86), (87)
E=E= Tw(x,t)%x 92)

—0
4. Moxcrasunsis Beipaxenus (89), (90) u (92) B (84), mosryunm 3anuck ycpea-
HEHHOT'O JICHCTBUSI Oy KIIAIOIIel «TOYKI» B KOOPJHMHATHOM BHJIE

= I{——Iw(x t)de + Ty/(x,t)U(x)y/ * (x,t)dx + fzrw(x t)%}dt
HITH (93)
_H[ w(x, t)w+l//(x U () * (x,0) + v (x, z)zh‘w’;fx’t)}dxdz
(94)

YcnoBue 3KCTpeMaIbHOCTH yepeaHeHHoro neiictus (94) tpebyer obpa-
LIEHHs B HOJIb €r0 TepBOI BapHaluy (Bce MOCIEIYONINE Ollepalui COOTBET-
CTByIOT (dopManu3mMy BapHaliOHHOTO UcuucieHus [12]):

55 = 5I j [f L z)M+ v (50U ()W * (1) + w (x,0)it W}am =0

-0

(95)
Okcrpemanb GyHkiuuonana (95), 1. e. GyHKuus ¥ (x,f), pyu KOTOPOH ycpea-
HeHHoe JelicTBre (95) npuHMMaeT SKCTPEMaIbHOE 3HAUCHUE, ONpEIeNseTCs
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ypaBHeHueM Dinepa — [lyaccona [12]. lanHoe ypaBHEHHE AJIS JIarpaHKAaHa
L, sBnstronierocst MoJAbIHTErpaIbHBIM BEIpQKCHUEM B (DYHKIIMOHAJIE NSHCTBUS:

0z 0z 0’z 0°z 0’z
S=LxzE E 202 O it ez =y, (96
I ( Yo e o o ataxjd ez =y o0, 06)

umeet By [12]:

L-—{ -2l e

T e A LT

ox ot OxOt
31CCh.
oo r_azz. Lo
P 8 a0 " T T T arex
0 0z op og
E{Lp}=pr Ly L, Ta L, o %)
— IIOJIHAsA YaCTHasl HpOI/I?)BO,HHaH 110 X.
AHAJIIOTHYHO:
0 oL op og
—\L, (= +L, —+L +L,, —=
at{ g} & ot ot %ot ©9)
UT. I

Hcrmonb3yst MOABIHTETPATbHOES BBIPAKEHHE W3 YCPSIHEHHOTO ICHCTBHS
(95), Ol'[pe)leJ'II/IM

2
I s T A
m t
0 . o2 e
E{L” =0 oxot =0
0 0w(x) W ()
o {Lg}_ 2ih ot 5 axz {Lr}_ 2m ax2 :

[Moncrasnsast ot BelpaxeHust B (97), MOIy4YMM HCKOMOE ypaBHEHHE JUIs
OTIpeIeTICHUS SKCTPEMANH Vv (X, {) QyHKIIMOHAIA YCpeTHEHHOTO AeicTBUS (95)

SOp(nt) B Oy (x0)
ot 2m  Ox?

y (O y (et =y ()] = px)

— [1PB mpoexkiun Ha 0Ch X MeCTa HAXO0XICHUS YaCTHIIBI («TOYKN»), OITyxX-
JIAIOIIEH BO3JIE YCIOBHOTO «IEHTPay TaK, YTO €e TOJIHAsi MeXaHU4YecKasi SHep-
rust E Bcerna octaercst moctossHHOU (E = const), a cama JaHHAs MPOCSKIHS X (£)
SBJIACTCS CTALMOHAPHBIM CIIyYaiHBIM HPOLIECCOM.

tU(x) w(x.1), (100)

rac:
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O06001meHre Ha TPH U3MEPEHHSI, CBOAATCS K YBEINUCHHIO YHCIa HHTETPH-
pOBaHMA, IPH 3TOM UMEEM

Cow(Ft) R Ow(F) .
=1 - 4+ U 1 1), 101
h— Y (7)) p(7,1) (101)

rac:

_ _ _EY)
w(r,t)=y(r)expy— 1(7 :
¥ — Pa[IyC-BEKTOP C HAYAJIOM B «IIEHTPE» UCCIEayeMOro oOpasoBanus (12~ x>
242
y* 7 z%) (puc. 1).

Beipaxxenue (101) siBnsieTcs He yeM MHBIM, Kak ypaBHeHueM lIpenunrepa
(1) ¢ OOpHOBCKMM  IIOHHMMAHHUEM CMBICIIA  BOJHOBOH  (hyHKLUM
w(r,t)=w(x,y,z,t). Ho B 5TOM cityuae «moctosiHHas [Lnanka» i — 310
He (yHAaMeHTalIbHAsl KOHCTaHTa, a TapaMeTp, BBIPaKEHHBIH Yepe3 COOTHOIIE-
HHE YCPEIHEHHBIX XapaKTEPUCTHK UCCIEAYEMOT0 CTAIIMOHAPHOTO CITy4aiHOTO
mporiecca (60):

2
20, m

>

h =
T

yx
Ecnu 06e yactu ypaBuenus (101) cokpaTuth Ha /i TO HOTYUUM:
Ow(r,t h 0*w(r,t - -
ot 2m  Or

C yuerom (61) nanHOE ypaBHEHHE IPHHUMAET:

;ov @y n, Oy ()

Py TR UFE Dy, , (102)
rac:
20,
n,= P (103)
31ech:
1
c, = g\/afx +o. +0, (104)

— YCpeIHEHHOE CpPEIHEKBAJAPATHYHOE OTKIIOHCHHE XAaOTHYECCKH JIBHIKY-
ieicss 9acTUIbl (MaTepHaIbHON «TOUYKI) OT YCIOBHOTO «IIEHTpay (puc. 1);

1 2 2 2
Ty =\ Ta T L (105)
— yCpeIHEHHBIH Pauyc Koppensuuy (TouHee aBTOKOPPENIAlIT) PaccMar-
PHBAEMOTr0 CIy4aifHOro mporecca.
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VYpasuenue (102) Oynem HazpiBaTh 0000mEHHEIM ypaBHeHHeM lllpennn-
repa, T.K. OHO MIPUTOJHO JUIs ONKMCAaHMsl HauOoJiee BEPOSTHBIX COCTOSHHUN TO-
YEYHbIX OOBEKTOB KaK MHKPOMHUpA, TaK ¥ MaKpOMHUpA IPH YCIOBHU CTaIHO-
HapHOCTH PacCMaTPUBAEMOTO CIIyYalHOTO MPOLECcca U MOCTOSHCTBE €T0 MOJI-
HOW MEXaHUYECKOM IHEPTUU.

Ypasuenue (102) oarHAKOBO XOPOIIO OIMMCHIBACT AWUCKETHBIE HAOOPHI
YCpPEIHEHHOTO ITOBECHUS HJICKTPOHA B IMOTEHIMAIBHON sMe, siApa B LUTO-
I1a3mMe OMOJIOrMYecKol KIIETKH, SMOpHOHA B yTpoOe MaTepH, spa B Heapax
IUTAaHETHI, MyXH B OaHKe U T. 1. Bce 3T cTabmiibHbIe CiTydaifHbIe TPOIECcChl 00-
JIAIal0T BO3MOXKHOCTBIO TIEPEX0/1a U3 OJJHOTO CTAlMOHAPHOTO CTOSIHUS B JIPY-
roe C HOTJIOIIEHHEM WIIM BbIJCJICHUEM KOHKPETHOH IMOPIMHU MTOJTHON MeXaHH-
YECKOM dHEPTHUU.

Takum o6pasom, BMecTe ¢ BBIBOAOM 0000mEHHOTO ypaBHeHus LlIpenun-
repa (102) MBI TPUXOAMM K OCO3HAHHUIO TOTO, YTO KBAHTOBBIE MEPEXO/IbI IIPH-
CYIIM HE TOJBKO 00BEKTaM aTOMHOTo Macmraba, HO U (h)paKTanbHO HPOSBIL-
IOTCSI Ha BCEX YPOBHSAX OPTaHU3ALNH MaTEPUH.

[IpennoxeHHbI B JaHHON CTaThe IMOAXOJ MO3BOJMI BBIBECTH OCHOBHOE
YpaBHEHHE HEPEJIATUBUCTCKOM KBAaHTOBOW (DM3HMKH, UCXOAS U3 NPHHIUIIOB B
KOpHE OTJIMYAIOIIMXCSI OT WACHHBIX yCTOEB Heoro3uTuBu3Ma. OnHaKo cama
KBaHTOBasi MEXaHHKa, CO3/IaHHAs IUISSION BEIMKUX YUEHBIX, OT 3TOTO COBEP-
LIEHHO He mocTpajana. HanpoTus, mpu 3TOM TOJIBKO YKPEMIHUCH €€ JIOTHYE-
CKHE OCHOBAHMS.

[Mono6ubIM 00pa3oM MOTYT OBITH HOJYyYSHBI BCE OCHOBHBIC YpPaBHEHHMS
KBaHTOBOW Teopmu moii: ypaBHeHue Kiena-I'opmona, ypaBHeHus lupaxa,
ypaBHeHUs] MakcBema U T. A. AJTOPUTM MX BBIBOJA aHAIOTHYCH IOAXOY,
NIPUBE/ICHHOMY B JIaHHOM CTaThe:

1) 3amuchIBaeTCS ETEPMUHUCTCKOE ICHCTBHE CHCTEMBI;

23 JIAHHOE JIEHCTBUE YCPEIHSIETCS;

3) Bce yCpeaHEHHBIE cllaraeMble B IOJBIHTETPAILHOM BBIPAXEHUH YCpPe/-
HEHHOTO JIeHCTBUS MPEACTaBISIOTCS Yepe3 MIOTHOCTH PaclpeaeIeHHs BEpO-
SITHOCTH p(x) w/uia p(py);

4) mpou3BOANTCS MEPEX0J] BCEX ClIaracéMbIX JarpamXuaHa YCPeJIHCHHOTO
JIEUCTBHS B KOOPAWHATHOE WM B UMITYJILCHOE MPEICTABIICHUE;

5) onpeznenseTcs ypaBHEHHE Ul SKCTPEMallM MOJydIHBLIErocst (GpyHKIHo-
Hasa (YCpEeJHEHHOTO JISHCTBHS) 110 CPEICTBAM METOAOB BAPHAIIOHHOTO HC-
YHUCIICHHUS.

3HaYMMOCTh IPUBECHHOTO 3/I€Ch BBIBOAa 00001mEHHOTO ypaBHeHus pe-
quarepa (102) 3akmovaercs B CIeIyIONeM:

— CTaHOBUTCS MOHSATHBIM, K KAKUM SIBJICHUSM MUKPO- U MaKpOMHUPA OHO OT-
HOCHTCSI, KAKOBBI TPAHMIIBI M YCIIOBHS €r0 MPUMEHEHHS;

— oTnajia HeoOXOJIUMOCTh B IIPUBJICUEHUH «IIPHHIMIIA HEONpeIesIEHHO-
ct» ['eiizeHOepra u mpencraBieHUll O «BOJHAX Marepum» Ae bpoiis, mo-
CKOJIBKY TIpH BeIBoZie ypaBHeHus (102) momydena mporenypa (45) — (48) mon-
HOCTBIO aHAJIOTHYHAsSI IEPEX0/y OT KOOPMHATHOTO MPECTaBICHUS K UMITYJIb-
CHOMY, U HA000pOT, OIIMPASCh TOJIBKO HAa aHAJIN3 CBOWCTB CTAIIMOHAPHOT'O CITy-
YalHOTO MpoIIecca;

— oTHOIICHUE /i/m («nocTosiHHast [ImaHka» Ha Maccy) MoaeTes omnpeaese-
HUIO Yepe3 AUCIIEPCHIO U KOAPPHUIIUEHT KOPPESIUU (OCHOBHBIC YCPEIHCHHBIC
XapaKTEPUCTHUKHN) MUCCIEAYEMOr0 CTAMOHAPHOIO CiydaitHOro mpomnecca. [lo-
sTOMy 00001IeHHOe ypaBHeHue [lIpenunrepa (102) He cogepKUT «Maccy» ya-
CTHILIBI 71, U W3-32 KOTOPOH NMPUXOJTUTHCS BBOJHUTH JONOJHHUTEIBHYIO pa3Mep-
HYI0 KOHCTaHTY — IocTossHHyIo [Inanka /. «Maccay siBisercs (no muenuio as-
mopa) OTHOW U3 CAMBIX «TEMHBIX» Pa3MEPHBIX BEJTMUUH COBPEMEHHOM (PH3UKN
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(em. . 1.7.10 B [2] m 1. 7 B [3]). HecomHEHHO, 94TO B OKOHYATEIHHON TEOPUH
TMOHATHUE «MacCCa» NOJIKHO OTCYTCTBOBATh, U JJaHHAsA CTaTbhA — 3TO OJIMH U3 1Ia-
T'OB B HAIIPABJICHUHU UCKOPECHEHU DTOI0 MOHATHH U3 HAYYHBIX HpCZ[CTaBJICHI/Iﬁ
00 okpykaroreii PeampHOCTH;

— BO3BPAILAIOTCS K PACCMOTPEHUIO 00BbEM U TpaeKTOpHsi Oy’Kaatoliei ya-
ctuipl. BMecre ¢ HuMu (pusnka MEKpOMEpa BHOBb MPHOOPETAET MPUBBIYHYIO
JIOTUYCCKYIO «I1I0YBY IO HOTraMW».

Koneuno, npeocmasnenusi 06 omcymemeue mpaekmopuu u pasmepos dJie-
MEHMapHbIX yacmuy ObLIU 86€0€Hbl 8 KBAHMOBYIO (PUBUKY U3-3d PAOA NPOOIeM,
CBA3AHHbIX.

— € HEYCMOUYNUBOCMbIO PACHPENeNIeHHO20 (Hemoueuno2o) 3apaoa;

— C HeOeNUMOCmbio JJleMeRmAapHblx 4acmuy (m.K. eciu bvl maxast uacmuya
umena pasmep, mo MOACHO ObLIO Dbl MAK YOapum no 0OHOU ee YaACmu, Ymo OHA
HenpemeHHo bbl OMopPseaacs Ovi 0m Opyeoll ee Yacmu, HO 3M020 He NPOUCXO-
oum);

— ¢ 2100aIbHOU HENLOKAIbHOCMbIO NemMerHmapHsblx yacmuy, m.K. ep;zc)e IKC-
nepumenmoes OHuU 6006W€ nposesiom cebsi Kax pacnpe()e/zeHHble no npo-
CmpaHcmey 60JIHbl.

Oonako Ha MHO2UE U3 DIMUX B0ONPOCOB yotce eCmb Omeemaosl 6 pamMKax NOJIHO-
CMbIO 2e0MEMPU3UPOBAHHBIX MeOPUll, 0OHOU U3 KOMOPbIX A61semcst «Aneebpa
cueHamypy (npedcmasgnenuasn Ha geb-catime www.alsignat.narod.ru).

OCHOBHBIE TE3HCHI I[aHHOﬁ cTaTby OBUIH BIIEPBBIE YaCTUIHO OHY6J'II/IKO-
BaHBI B opsiake oocyxaenus B 1990 r. B [13; 14], Gnarogapst MOMM HaCTaBHU-
kam: 1. T. H. A.A. Ky3nenoBy u a. ¢p-m. H. A.W. KoznoBy. Taxxe xouy nobina-
romapuTh 1. @-M. H. A.A. Pyxamse u 1. ¢-m. H. A.M. UrnartoBa 3a ux pemreHue
OITYOJIMKOBATh OAWH U3 BAPUAHTOB I[aHHOﬁ CTaTbU B XYpHAJIC «I/IH)KCHepHaH
¢uzuka» Ne3 3a 2016 T.
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Kyzomuna Hnecca Ezopoena
CTy/IGHTKa

ITnamonosea Anacmacus Cemenosna
CTapIIM{ IpenojaBaTeib

Deooposa Anna Heanoena
KaHJ. OMOJI. HAYK, JIOIICHT

WHCTUTYT ecTeCTBEHHBIX HAYK

®I'AOY BO «CeBepo-BocTounstii penepanbHbit
yHuBepcureT uM. M.K. AMmocoBa»

r. Slkyrck, Peciyonuka Caxa (SIkyrtust)

JAYBUJIBHBIE BEHHIECTBA B OKCTPAKTAX
KOPBI JINCTBEHHUIIBI 000 «AVKPA»

Annomayun: ¢ 0annol pabome NPUSOOAMCA pe3yIbmamyl OnpeoeneHus
ONMUMANLHBIX YCILOBULL 0N IKCMPAKYUU OYOUTLHBIX 8euecms U3 0mxo0os
000 «ArMacy (kopa aucmeennuybsl) u CneKmpogpomomempuieckoe ucciedo-
sanue xonyenmpayuu 0younsHulx geugecma 6 sxcmpakmax OO0 «Auxpay.

Knrouesvie cnosa: xopa nucmeennuysl, 0youibHble 8elecmed, IKCMpPaK-
yus.

OCHOBHBIM ChIpEEM JIsA IPOU3BOJICTBA ]Iy61/IJ'[])HI)IX OKCTPAKTOB ABJIAIOTCA
Kopa 1y0a, UBBI, TUCTBEHHHIBI 1 HEKOTOPBIE TPABSHUCTHIE PACTEHUS (TapaH,
TaBOJra, Win J1aba3HUK, peBEHb, 3Bepo0os TpaBa). Kopa mepeBbeB XBOWHBIX
Iopoa ABJIACTCA NEPCIICKTUBHBIM, BO306HOBHHeMbIM ChIPbEM 11 IIPOU3BOI-
CTBa Pa3sHOOOPA3HBIX BOCTPEOOBAHHBIX MATEPUANIOB: YIOOPEHUH, TyOUIHHBIX
1 9KCTPAKTHUBHBIX BEUIECTB, IEKTUHOB U 1p. OTHUM U3 aKTyalIbHbBIX Halpasiie-
HHUI YTHIIN3AI[UH OTXOI0B KOPBI ABJISICTCS MMOJYyUYCHHUE U3 Hee IyOuTeNne u Kkpa-
cuTenen Koxu [1].

enbto paboTHI ABIAETCS pa3pab0TKa TEXHOIOTUH AKCTPAKIIUH Ty OMITBHBIX
BCHICCTB M3 KOPLI JJUCTBCHHHUIBLI B TEMICPATYPHOM W BPEMCHHOM PEKUME; a
TaKXKe OINpeeICHNE KOHIIEHTPAUH {yOHIbHBIX BELIECTB B MIOJIyYCHHBIX KC-
TpaKTax.

J1st IpUrOTOBIIEHHS SKCTPAKTa KOPY JIMCTBEHHHUIIBI IPOOWIIN, POITY CKaIX
4yepe3 CUTO M OTOMPAIIH TOJIBKO CPEIHIOW (DPAKIHMIO, T.K. B 9TOH COACPKUTCS
MaKCHMaJIbHOE KOJIMYECTBO TyOMIBHBIX BemiecTB. Kopy IncTBEeHHUIB Maccoi
10 Kr coOupanu B XJIOTIKOBBIX MEIIKaX, IIOMELIATIH B MMUIIEBAPOYHBIA KOTEJ
o6wvemom 500 1 1 3anuBaym GUIBTpOBaHHOI Bomoit 1o 100 J1 1 HarpeBaIu npu
temmeparypax 60, 80, 90 °C B teuenue 1, 2, 2,5 4. ITocne Memodkn ¢ KOopoi
BBIHUMAJIM U TIOACYIIMBAIM NPU KOMHATHOW Temneparype. [loxydeHHbIH dKC-
TPAKT BBUINBAIH B IUNTACTUKOBBIE OyTHIIOYKH M TEPMETHYHO 3aKPBIBAJIH.

[t onipeienieHys KOJIMYecTBa TyOMIbHBIX BELIECTB B 3KCTPAKTaX KOPBI JIUCT-
BEHHHUI[B MCIOJIB30BAIHN (POTOIEKTPOKOJIOPHUMETPHUECKUN U CIIEKTpo-(oTo-
METPUIECKHi MeTOBI [2]. JIJ1s1 3TOT0 B ATMKBOTHYO 9aCcTh HCCIIEYEMBIX SKCTPaK-
TOB HamMBaiX pactBop comu xkene3a (III). M3meperne onTHUeckoi IIOTHOCTH
OKpAIICHHBIX PACTBOPOB MPOBOJIMIIN IPH JUTMHE BOJIHBI 365 HM. CozneprkaHue Jty-
OWMIBHBIX BEIIECTB (TAHHHOB) B P0o0ax, ONpeeieHHBIX ABYMS pa3HbBIMU TPHOO-
pamu, mr Ha 100 T CBIpBs IpUBOASATCS B TaOHIIE 1.
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Tabmuma 1

Macca gyOuIpHBIX BEIIECTB (TAHMHOB) B AKCTPAKTaX KOPHI INCTBCHHUIIHI,
l'lOJ'IyLIeHHI)IX HpI/I pa3HI)IX TeMnepaTypax u HpO}IOJ’DKI/ITCJ'leOCTI/I SKCTpaKIJ,I/Il/I

o Macca tanuHoB, Mr Ha 100 T CBIpbst
Ne T.°C Bpews, KDK-3-01 C® Lambda
1 60 1 0,170+ 0,017 0,175+0,0175
2 80 2 0,093 £0,013 0,075+0,015
3 90 1 0,025 £ 0,003 0,025 = 0,003
4 80 2,5 <0,025 + 0,003 <0,025 + 0,003

W3 Tabnums! BUITHO, 9TO pe3ynibTaThl, monydenHble Ha KOK-3 n CO Lamda,
COM3MEPHMBI MEXTy CO00H. MakcHMMaIbHOE KOJIMYECTBO TyOUIIbHBIX BEIICCTB
COIIEPXKUTCS B IKCTpakTe, momydeHHoM mpu 60 °C B Teuenne 1 4. [Ipu noBsI-
IIEHNH TEMIEPaTyphl U YBEIUUYCHUH BPEMEHH SKCTPAKLUH KOJIMYECTBO Y-
OMJIBHBIX BELIECTB yMeHbInaercs. Buanmo, npu temmneparype 90 °C npoucxo-
JUT YaCTUYHOE pa3pyLIeHHe Ty OHIbHBIX BEIECTB, a IPH YBEINYSHUH BPEMEHH
sKCcTpaknuy mpu remneparype 80 °C, ckopee Bcero, MUMEeT MecTo Iporece 00-
paTHOl ancopOLMK ATHX BEIECTB KOPOH.

Jlanee mosyd4eHHbIH 3KCTPAKT KOPBI JUCTBEHHMIIB! allpOOMPOBAIN B Kaue-
cTBe AyouTens koxku. OOpaboTaHHbIe 00pa3Ibl KOXKN M OEPECTHI HCCIIeI0BAIN
Ha aHTHOAaKTepualbHbIe CBOICTBA (B 1JaDOpaTOpHU BETEPUHAPHBIX UCIIBITAHUN
OTIpeIeIsUTH KOJIMUecTBO KojoHnnoOpasyronmx eaunul; KOE Ha o6paboran-
HOM U He 00pabOTaHHOM NPHPOAHOM Matepuaie). [lomydeHHble SKCeprIMeH-
TaJIbHBIE JAHHBIE [TPUBOJATCS B Tabnuue 2.

Tabmuma 2
AHTHOaKTEepUaTbHBIE CBOMCTBA MPUPOAHBIX MAaTEPUAIIOB MOCIIE Iy OJICHUS
Komnuectso KOE (Kononnno6pasyromumx exuHnIg
Ha 00paboTaHHOM U HE 00padOTaHHOM MPUPOJHOM MaTepHae)

o HauMeHoBane JlyGurens Komnuectso KOE B 1 r maTepuaina
Heob6pabor. O06pad.
1 Kosxa onenst Kopa nucrsen. 16 3
2 Bepecra Kopa nuctBeHH. 20 5

W3 Tabnuiibl 2 BUHO, 4TO 00pabOTKa KOXKHU OJICHS IKCTPAKTOM KOPBI JIMCT-
BEHHHUIIBl YMEHBINACT KOJIUYECTBO KOJIOHI/II/IO6XE]3YIOH.II/IX enuHML B 5,3 pasa,
0 CPaBHEHHIO C HeoOpaboTaHHBIM 00pa3IoM. A Ha Gepecte 0OpaboTka uccie-
JTyeMBIM SKCTPAKTOM YMEHBIIIAET Pa3BUTHE KOJOHHH B 4 pa3a.

Takum 06pa3oM BEIIBIIEHO, YTO ONTHMAIBHBIM YCIIOBHUEM 3KCTPAKIIUH TyONIIb-
HBIX BEIIECTB U3 KOPHI JINCTBEHHHUIIBI IBIJIACH SKCTpaKIKsI 1pH Temneparype 60 °C
B Te4yeHHe | yaca, B KOTOPOM cofiep KaHKe TaHWHOB BhIlIe B 1,8—6,8 pa3 no cpas-
HeHHIO ¢ uccnenoBanubiMu rpodamu (0,175 mr/100 T cyXxoro ChIpbs).

ITokazano, uTqQ, 00pabOTKa MPHUPOAHBIX MATEPHATIOB HCCIEAYEMBIM IKC-
tpaktoM OO0 «AVKPA)» noBbIlaeT UX KauecTBO: aHTHOAKTEPHAIbHBIE CBOM-
CTBa YIIy4IIaOTCs B 4—5 pa3 Mo cpaBHEHHIO ¢ HEOOPaOOTaHHBIMU O0Opa3aMH.

Cnucok numepamypul

1. /lyOunbHble BemiecTBa —pacTeHHt
http://vredna.ru/dubilnye-veshhestva-rasteniy

2. Bacumsea A.Il. M3ydyenne TUHAMHKU COAEPXKAHUS TyOUIbHBIX BELIECTB B OTBape KOPHI
ny6a npu XxpaHeHuu // Moso1&xHbIii ”HHOBAIIMOHHBIH BecTHUK. — 2012. — 232 c.

[Onextponnslii  pecypc]. — Pexum pocryna:
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Deooposa Anna Heanoena
KaHJ. OMOJI. HAYK, JIOIICHT

WHCTUTYT ecTeCTBEHHBIX HAYK

®I'AOY BO «CeBepo-BocTounstii penepanbHbit
yHuBepcureT uM. M.K. AMmocoBa»

r. Slkyrck, Peciyonuka Caxa (SIkyrtust)

HE®TECOPBUPYIOIINUE CBOMCTBA
KOPBI JINCTBEHHMUIIbI

Annomayun: é oannoi pabome nPUSOOAMCA Pe3yabmambvl UCCIEO08AHUS
Heghmecopbupyiowux ceovicme omxoooe OO0 «ArMacy u OOO «Aiikpay
(Kopa nucmeeHHUuYbl).

Knroueewie cnosa: xopa nucmeennuysl, adcopoyus, Hegpmo, OEH3UH.

B Hacrosiiiiee BpeMst 3arpsisHeHHe IPUPOAHON BoJIbl He(ThIO U HedTepo-
JIYKTaMH SIBJISICTCSl aKTyaJIbHOW IPOOJIEMOi JIJIsl BCero yenoBedecTBa. B oco-
OEHHOCTH OT pa3vBa HEPTU U HegTenpoayKTOB CTpajJaeT dKocucTeMa MopeH,
OKeaHOB, pek. [yt 0unuCTKU BO/IBI OT HEPTH U HEPTEHPOIYKTOB HCIONB3YIOT
Tporecc aacopOIyy ¢ MPUMEHEHHEM OOJIBIIOro KoJimyecTBa copoeHTos. [1pu-
MCHEHHUE PaCTUTEIILHBIX COPOCHTOB 1isi cOopa He(hTH U HEPTEIPOTYKTOB O3~
BOJIACT PELIUTH Cpa3y ABE HACYIITHBIE TPOOIEMBI: OUUCTKA CTOYHBIX BOJ U YTH-
JIM3anus OTXOIOB CEIbCKOXO3IHCTBEHHOM MPOMBIIUICHHOCTH. YacTo B Kaue-
CTBE MoryoTuTesed HeTH 1 HePTEPOLYKTOB HCIONB3YIOT IPEBECUHY XBOM-
HBIX JIEPEBBEB, COJIOMY, IJIOJJOBBIE KOCTOYKH U T. 1., TOABEPrast UX aKTHBAIUH,
Mo uUKAIH U TepMooOpadoTke [1].

Llenpto Hamieil pa®oThl sBJSETCS ompelelieHne He(TecopOUupyrOIx
cBoiictB 0tx010B OO0 «AnMacy» u OO0 «Alikpay.

000 «Atikpa» ucnons3yer orxo1s1 OO0 «AnMacy (kKopa JIUCTBEHHHIIBI)
JUISL TIOJTYYEHUsI SKCTPAKTa, KOTOPBIA MPUMEHSIOT ISl AyOJICHUs ¥ KpalleHHs
KOXH. MBI cCUUTaeM, 9TO MPH SIKCTPAKIIMOHHON 00pab0TKe KOPHI TUCTBEHHUIIBI
MIPOUCXOIUT PACKPBITHE JOTOTHUTEIHHBIX IO B TBEP/BIX OCTATKAX, UTO CIIO-
COOCTBYET YBCIIMYCHHUIO CIIOCOOHOCTH COPOCHTOB IOMIIONIATh HedTempo-
JTyKTHIL.

OmnpeneneHre HeYTECCOPOUPYIOMNX CBOHCTB KOPHI JMCTBEHHHIIBI ITOCIE
AKCTPaKIUU BOJOH, MpoBoAWiIH HAa HedTu U OexsuHe mo meroxy B.T. [Tuck-
menko u E.H. Kamtokosa [2]. /Iyt 5TOr0 HaBecKy Cyxoi KOpbl BecoM | T mome-
iy B KoJ0y, 3amoimHeHHow 5, 10, 15, 20, 25 vt HedTr win 6eH3uHA, TepMe-
TUYHO 3aKPHIBANU U BRIACPKUBATH B TeueHue 24 4. [lo ncTeueHny 3aqanHoro
BpPEMEHH KOpYy OT(UIBTPOBAIH, AaJIH CTeUb H30BITKY HEPTENPOIYKTa U B3BE-
CUIIM Ha aHAJMTUYECKHX Becax. Maccy ancopOMpoBaHHOrO HeTenpoaykTa
paccunTamy no popmyse:

X=m—-m,T
rJie M, — BeC KOPbI JIMCTBEHHHMIIBI TIOCIIe aacopOuun HedTH nim OeH3uHa, T
M — HaYaJIbHBIA BEC KOPBI JINCTBEHHUIIBI, T}
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[MosydyeHHbIe TaHHBIE 110 ACOPOIUK HE(PTH IPUBOAATCS B Ta0MIE 1, a 1o
ajicopOiyK OeH3uHa B Tabnuie 2.

Tabmuua 1
Macca agcopbupoBanHOi HehTH (M| — M), T
No O0beM HeTH, MIT Mioper, T M xopst nocze ancopOum, © mi—m,T
1 5 1 1,54 0,54
2 10 1 1,62 0,62
3 15 1 1,62 0,62
4 20 1 1,63 0,63
5 25 1 1,64 0,64
Tabnuia 2
Macca ancopoupoBanHoro 0exsuna (m; — m), ¢
No O0beM HedTH, MII Mxopet, T Mikopst nocse axcopoimH, T mi—m, T
1 5 1 1,34 0,34
2 10 1 1,40 0,40
3 15 1 1,48 0,48
4 20 1 1,49 0,49
5 25 1 1,49 0,49

[To pe3ynbTatam JaHHBIX SKCIIEPUMEHTA MMOCTPOMIH H30TEPMY aacopOIuu
HedTH (puc. 1) u 6ensuHa (puc. 2).

0,7 0.6

ml-m, 1
(i
s

ml-m,1

= =]
>

0 5 10 15 20

[¥]

0 5 10 15 20 25

V (nedym), M V (Bensima), ma

Puc. 2. UzoTtepma ancopOrmu

Puc.1. M3orepma amcopOumu HedhTH P

W3 pucynka 1 BumHO, 9T0 1 T KOPBI TUCTBEHHUIIBI MOXKET aJICOPOMPOBATH MaK-
cumyM 0,62 T HepTH. A U3 pUCYHKA 2 BUITHO, YTO | T KOPBI JIUCTBEHHUIIBI MOXKET
ancopoupoBatb MakcumyM 0,49 r 6ensuna. [Ipu cpaBHEHHH IBYX PHUCYHKOB 3a-
METHO, YTO a[copOIwsi OCH3MHA MPOTEKACT B MCHBINCH cTeneHu (B 1,27 pas), 1mo
CpaBHEHHMIO ¢ afcopOuueil HedTu. IT0, CKOpee BCero, CBA3aHO C TEM, UYTO OCH3UH
Jierde He)TH 1 JIETKO YJIETY4HBAETCSI BO BPEMsI IIPOBE/ICHUS SKCIIEPUMEHTA.

TakuM 00pa3oM, yCTaHOBIEHO, 4TO | KI' KOpBI JIMCTBEHHHUIIBI (OTXOI
000 «Aiikpay) ancopoupyet 620 r (762 M) HedTu 1 490 T (690 MiT) OeH3MHA.
CrnenoBaTebHO, KOPY JMCTBEHHHIIBI MO’KHO PEKOMEH/IOBATh B KAYECTBE COP-
OeHTa HeTAHBIX 1 OEH3UHOBBIX PA3JIMBOB.
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Cnucox numepamypuol

1. CemenoBuu A.B. COop nponnBoB He(TENPOILYKTOB MOAU(PUIHPOBAHHON KOOI XBOMHBIX
nopoa. Xumusi pacturenbHoro ceipbst / A.B. CemenoBuu, C.P. Jlockyros, I'.B. IlepmsikoBa. —
KpacHosipck, 2008. — No2. — C. 113-117.

2. Komnounnas xumus: Meroandeckne ykasanust / Cocr.: B.T. ITucemenko, E.H. Kamo-
KoBa. — YaesHosck: Yiul'TVY, 2003. - 72 c.

Tan Anuna Buxmopoena
CTy/ICHTKa

Kazaxckuil HarmoHaIbHBIN
YHHUBEpCUTET UM. anb-Dapadu

r. Anmarter, PecrryOnmka Kazaxcran

AMUHOKUCJIOTHBINH COCTAB CEJIUTPAHKH
HIOBEPA (N. SCHOBERI)

Annomayun: ¢ cmamve NPUBOOAMCI Pe3yIbmMambvl UCCIe008aHUL AMUHO-
KUCI0mHo2o cocmaga Haosemuou uacmu ceaumpsanku Lllobepa (N. Schoberi),
cobpannotl 6 2016 200y Ha nobepedcve pexu Hu 6 Armamunckou obracmu.
Hccneoosanue bvino npogederno memooom I JKX. B pezynemame uccredoganus
onpedeneHo KonuuecmeenHoe cooepicanue 20 AMUHOKUCIOM, MAKdice yCma-
HOGIIEHO KOAUYeCmEeHHOe co0epicanue amuHOKUCIom 6 cuipve. Onpeoenenvl
domunupyrowgue amuroxkuciomel cenumpsanku LLlodepa (N. Schoberi), onu pac-
HONOACUTUCH CLeOVIOWUM 00PA30OM:! Gf > Asp > Ala > Pro > Arg > Leu >
lle > Lys > Tyr > Phe > Ser >Gly > Val > HlS > Thr > Trp > Cys >Met >
Hyp = Ornitine.

Kniouesvie cnosa: cenumpsanxa Illobepa, amunoxuciomuvlii cocmas, ce-
Meticmeo cenumpsnkosvle, Nitrariaceae, I KX, enymamunosas kucroma, acna-
Ppazunoeas Kucioma.

AMHMHOKHCIIOTHI — KJIACC OPraHMUYECKHI COeTMHEHHH, B MOJIEKYJTy KOTOPBIX
OJTHOBPEMEHHO COJIepKaTcsl KapOOKCHIIbHBIE ¥ aMHHO-TpynIbl. OTHOCATCS K
BEIIIECTBaM IIEPBUYHOTO CHHTE3a, IPUCYTCTBYIOT BO BCEX OPTaHaX BCEX pacTe-
nuii. CoziepkaHne aMHHOKHCIIOT B PACTEHUSIX 3aBHCHUT OT BO3pacTa pacTeHUMH,
BHEIITHHUX YCIIOBHI: TEMIIEPATYPBbI, JUTUHBI JIHS, YBIXKHEHHUS U T. 1., @ TAKKE OT
nutanud. [Ipyn 3ToM M3MeHsieTcsl M KOHLCHTpPAIMs, U KadeCTBEHHBII COCTaB
aMHHOKHCIIOT. C BO3pacTOM pacTeHHi KOJMYECTBO CBOOOJHBIX AMHHOKHCIIOT
noHmwkaercs. [Ipyn moHMkKEHHOM NMUTAaHWW pacTeHHH KajeM, (ochopom, ce-
pOH, KaJdbLIMEM M MarHueM HaOIIoJaeTcs yBeIW4YeHHE OOIINEro KOoIW4ecTBa
CBOOOJTHBIX aMHHOKHUCIIOT. Tako# sxe 3(h(heKT nMeeT MeCcTO IPH HEIOCTATKE Psiaa
MHKPODJIEMEHTOB: ILIMHKA, MEAM, MapraHiia, jkejesa, CBs3aHO C ocliabiieHneM
CHHTE32a OEJIKOB M3 aMUHOKHCIIOT B 3TUX YCIOBUSX. [Ipu yiydiieHun a3oTHOro
MUTaHWS HAOMIOIAaeTCsl YBEIMICHHUE COIEPKAHUS aMIHOKHCIIOT [2; 3].

BBuay Bcex 3TuX (akTOpOB M3y4eHHE aMHHOKHCIIOTHOTO COCTaBa CENUT-
psuku HloGepa npencrasisier 60ibLI0I HHTEpEC.

OOBEKTOM HCCIIEIOBaHUS SBISUIACH HaJ3eMHast 4acTh cenuTpsiHku [llobepa
(N. Schoberi) cemeiictBa (Nitrariaceae), coOpaHHas B TEPHUOJ] I[BETCHUS B
2016 roxy Ha modepesxbe peku M B AiMaTHHCKOW 001acTH.

KavecTBeHHBII-KOMTMUECTBEHHBIH COCTAB aMUHOKHCIIOT OBUI yCTaHOBIICH
metogoM KX mo meronmke [1]. ITo pe3ynmpratam ananmm3a OBUIA TOTYYEHBI
XpoMaTorpamMmbl aMHHOKHCIOT. C MOMOIIBIO CTaHIAPTHBIX 00pa3loB OBLIO
uaeHTrUIpoBano 20 aMHHOKHCIIOT 110 BPEMEHH BBIXOJ1a U3 KOJIOHKH. JlaH-
HBIE TIPEJICTaBIICHbI B TabmuIe 1.
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Tabmmma 1
Amunoxuciommuwiti cocmas cenumpsinku Lllobepa (N. Schoberi)
cemeticmea (Nitrariaceae)

AMUHOKHCIIOTa Conepxanue, mr/100r Conepxanue, %
Ananux 625 0,625
Tn