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ARCHITECTURAL DESIGN: COMMON BACKGROUND AND LOCAL FORECAST, OR HUMAN, ALL-TOO-HUMAN

Section 1. Architecture

Knysh Valerii Ivanovych,

Kyiv National University of Construction and Architecture,
Candidate of Architecture, docent of the Theory of Architecture Chair,
E-mail: ucimm.knysh@gmail.com

ARCHITECTURAL DESIGN: COMMON BACKGROUND AND
LOCAL FORECAST, OR HUMAN, ALL-TOO-HUMAN

Abstract: the article presents a brief background of the architectural design, given the examples
of the first extant architectural projects. Architectural design is presented as a purely human activity,
shown its mixed, both utilitarian and artificial essence, which generates the dichotomy of the external
dependence and the internal freedom of the architect. In this context it is also said briefly about the
present and the future of the architecture in Ukraine.

Keywords: architectural design, image of the future, multi-storey housing, living space, pure
creativity, engineering, utilitarian, artificial, monetocracy.
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APXUTEKTYPHOE NPOEKTUPOBAHMUE: OBLLIAA
NPEALICTOPUA U MECTHbIN NMPOrHO3, NN
YEJIOBEYHECKOE, CJIMLLUKOM HYEJIOBEYHECKOE

AHHOTanMs: B CTaTbhe NIPEACTABACHA KpaTKasl IPEAbICTOPUS ApXUTEKTYPHOIO IPOEKTHPOBAHUS,
AQHBI IIPUMEPBI EPBBIX AOIIEAIINX AO HAC APXUTEKTYPHBIX IPOEKTOB. APXUTEKTYpPHOE IIPOEKTHU-
pOBaHHe MPEACTABACHO KaK Cyry0o yeAoBeuyecKkoe 3aHATHE, IOKA3aHa ero CMeNIaHHasl, yTHAUTAp-
HO-XYAOXKeCTBEHHasl CYIJHOCTb, IOPOXKAAIOIIAsl AMXOTOMMIO BHEITHEH 3aBUCMMOCTHU U BHYTPEHHeN
CBOOOABI apXUTEKTOPa. B 9TOM KOHTeKCTe Takke CKa3aHO HECKOABKO CAOB O HACTOSIIIEM U OyayleM
ApXUTEKTYPbI B YKpauHe.

KaroueBbie cAOBa: apXUTEKTYPHOE IPOEKTUPOBaHUE, 00pa3 OYAyIero, MHOrO9TaXKHOE SKHABE,
JKU3HEHHOE ITPOCTPAHCTBO, YUCTOE TBOPYECTBO, MH)KEeHEePHsl, yTUAUTAPHBIMN, XYAOXKECTBEHHBIM, MO-
HETOKpAaTHs.

APXI/ITEKTYPQ SABASACTCSA HCKAIOYHUTCABHO YE€AO- CTpoAT cebe >xHAbDe. >KI/IBOTHbIe, IITHULIBI, pr6bI, Ha-
BE€YECKHM 3aHSITHEM HE IIOTOMY, YTO TOADKO AIOAM CEKOMBIE TOXXE CTPOAT I'HE3AQ, XaTKH, HOPBI, YAbSI
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Section 1. Architecture

u npoyee. CaMIipl IITUI] IIAAAITHUKOB CTPOSIT OTPOM-
Hble — 110 UX MepKaM — M IbIIIHbIE IIAAAIIH, HACTO-
SII[e <XPaMbl AIOOBH>, U3bICKAHHO YKpallas KX
IIBETAMH, ATOAAMHU U BCSKMMH HMHBIMH ITPEAECTAMH,
IpUYEM AKe He AASI TOTO, YTOOBI B HUX XXUTb UAU
PACTHUTD IITEHI[OB, & TOABKO AMIIb 3aT€M, YTOOBI 3a-
BA€YD CAMKY AASl CTIApUBaHMSL.

CAOXHbBIE TEXHOAOTHHU U CIIELIMAABHO CO3AaBa-
eMble AASL HYXXA CTPOUTEABCTBA MAaTE€pPHUAABI TOXeE
He ABASIIOTCS TeM, YTO IMPUCYIIe HCKAIOYUTEABHO Ye-
AoBeky. OAHAKO 5Ke HUKTO He Ha3bIBaeT apXUTeKTOpa-
MM AACTOYEK, TEPMUTOB HAH ITdeA. M Tak aTo moromy,
4TO HM OAHO U3 XXMBYIIHUX Ha 3eMAe CyIleCTB, KpoMe
4eAOBeKa, He MeeT [IPEACTABACHHS O OyAyIieM.

YeaoBex 3HaeT 0 6yAymieM, 4TO OHO OyAeT, Med-
TaeT O HeM, IIAAHMPYeT U — BbicIasg ¢opma TBOpYe-
CTBa — POEKTHUPYET e€ro, KAKMM OHO, II0 €T0 MHEHHMIO,
OyAeT A AOAKHO ObITh. TakuM 06pasoM, IpoeKTH-
poBaHHe ecTb co3paHUe 0bpasa Oyayurero. Tax uTo,
COOCTBEHHO, IPOEKTUPOBaHNUE, TOUHEee, APXUTEKTYP-
HBIH IPOEKT, ¥ AIBASIETCS CYThIO apXUTEKTYPBbL, ACAAET
ee UMeHHO TaKOBOM.

Koraa 6b1A co3paH MIE€PBBIN APXUTEKTYPHBII IIPO-
eKT CKa3aTb 3aTPYAHUTeAbHO. OAMH U3 ApeBHEeMIINX
npusepeH B bubaun u cospan Camum borom. (AAH
APXUTEKTOPOB, BO3MOXKHO, OBIAO OBI AECTHO CUMTATD
€ro CaMbIM APEBHHUM — BEAb 3TO KOCBEHHO CBUAETEAD-
CTBOBAAO OBI O TOM, YTO APXUTEKTYPA eCTh «OoxKe-
CTBeHHasl HayKa>, OAHaKO B ToM e Berxom 3ase-
Te YIIOMSHYTO O FOpa3a0 6oAee ApeBHEM U Cyry6o
9EeAOBEYECKOM AESHHMH — CTpOUTeAbCTBe BaBrnaoH-
ckoit banmHu — kakoBoe, BBUAY €ro IPaHAMO3HOCTH,
BPSIA AU IIPOU3BOAMAOCH Oe3 mpoekTa. M y>x To4HO
CYLIeCTBOBAAU IIPOEKTHl NMHMPAaMHUA, IO KpalHen
Mepe, BeAukux, mocKOAbKy IpeAyCMOTpeTb HaAH-
YK€ BHY TP HUX CAOXKHEHIIEN CHCTEMbI [IOMEIeHHH,
KOPHAOPOB, BO3AYXOBOAOB U ITPOYero 6e3 XopoIo
IIPOAYMAHHOTO M AOCTaTOYHO AETAABHOTO IIPOEKTa
IIPEACTABASIETCS HeBOBMO)KHbIM.)

Bor, B oTanune oT 4eA0Beka, 3HaeT caMo OyAy-
1mjee, ¥ IOTOMY He HYXKAQeTCS HU B KAKOM IPOEeKTH-
poBaruu. Ho mockoAbKy deAOBeK 3HaeT 0 OyAyLieM,

HO He 3HaeT Oyayiero, OH co3A2A AASI Y€AOBEKA, BO3-
MO>KHO, TIePBbIi U3 U3BECTHBIX HaM ITIPOEKTOB — IIPO-
ekt KoBuera 3aBera (I/ICXOA, 25). B arom mpoexre
«A0Ma>» AAst CKpIDKaAell M MHBIX CBSIIIEHHbIX ITPeA-
METOB IIPHBEAEHbI He TOABKO IIOAPOOHbIE OMUCAHUS
BCeX AeTaAel, UX TUITOpa3Mephl U HCTIOAb3yeMble AAS
UX U3TOTOBAGHUS MaTepUaAbl, HO TAak>Ke I[BeTa, B KO-
TOpBIe HY>KHO OKPAaCHUTb Te HAU UHbIe TIOBEPXHOCTH,
U AGKOPAaTUBHOE OPOpPMAEHHE.

Caeayromuii 60keCTBEHHBIN IPOEKT OBIA KyAd
00Aee 3HAYUTEABHBIM U B IIOAHOM CMbICAE APXUTEK-
TYpHBIM. DTO ObIA IpOeKT Xpama, KoTopslit bor me-
peaaa (To Am HayepTaHHbIM, TO AU ITyTeM BpadyMAe-
HUs1 — 06 atoMm [Iucanne rosopur TyMaHHO) AaBUAY,
o yeM ynuTaeM B 28 raase 1 xuuru Ilapasunomenos:
«H otpan AaBup CorOMOHY, CBIHY CBOEMY, YepTexK
IIPUTBOPA U AOMOB €TI0, 1 KAAAOBBIX €r0, U TOPHHI]
€ro, 1 BHyTPEeHHUX ITOKOEB €ro, U AOMa AASI KOBYETa,
U 9epPTEX BCEro, YTO OBIAO Y HEro Ha Aylie, ABOPOB
AoMa J'ocriopHs 1 BceX KOMHAT KPYroM, COKPOBHII]-
Hul aooMa bokus u coxpoBHITHMIL Beljel MOCBs-
[IEHHbIX, U CBAIIEHHUYECKNX U AEBUTCKHUX OTAEAE-
HUII, ¥ BCSIKOTO CAy»KeOHOTo Aeaa B AooMe [ocrioaHeM,
M BCEX CAY>KeOHBIX COCYAOB AooMa [ocmopHs ... Bee
cue B mucbMeHH oT ['ocriopa, roBopua Aasup, kak On
BPa3yMHA MeHs Ha BCe AeAa IIOCTPOMKM>». A 3aTeM
B 3 xuure LlapcTs onaTp — kak u B cayyae ¢ Kosue-
rOM, — PUBOAUTCS IOAPOOHOE OIHCAHHe TOCTPOEH-
HOro Xpama O BCeMHU UCTIOAb30BAaHHBIMHU AASI 9TOTO
MaTepHaAaMH.

TakuM 06pa3oM, MPOEKTUPOBAHNUE SBASIETCS IIpe-
POraTHBOM CYIIECTBA, 3HAIOIIETO O OYAyIIeM 1 Haae-
AEHHOTO CBOOGOAHOI BOAeH, TO ecTh ToabKo Bora (Ko-
TOPBIH B HEM He HY’>KAQETCsl) U YeAOBeKa. IIpu aTom
IPOEeKTUPOBAHNE MOXKHO Pa3ACAUTD Ha TP BUAQ: UH-
CTOe ITPOeKTHUPOBaHHUe, OHO )K€ YHCTOe TBOPYECTBO,
KOTAQ IIeABIO IIPOEKTa SIBASIETCS CaM IPOEKT, KaK 3TO
HIMeeT MecTO B MCKyCcCTBax (Koraa IPOEKTOM MY3bIKI
SIBASI®TCSL CaMa MY3bIKa U IIPOEKTOM KapTHHbBI — caMa
KapTUHA); IPOEKTUPOBAHKE YEr0-AN60 CYyry6o yTu-
AUTAPHOTO (HanpnMep, IPOEKT yTIOTa UAU camoAeTa);
HAKOHel], CMeIlleHHe TOTO M APYTOT0, KOTAQ IIPOEKT Kak
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HCKYCCTBO CO3AQETCSI AASL 4€T0-AHOO YTHAUTAPHOTO,
OT KOTOPOTO, B CBOIO OUEPEAD, OXKHUAAETCSL, YTO OHO
CTaHET YeM-TO XYAOYKECTBEHHBIM, U TAKOBA APXUTEKTY-
pa. B caMmoM AeAe, HUKTO 5Ke He CTaHeT BO3MYIIAThCSI
HEKPACUBOCTDIO YTIOI, €CAM OH [IOAHOCTBIO YAOBAET-
BOpsieT BCe OBITOBbIE MOTPEOHOCTH, TOTAA KaK AQKE
HA€AABHOE B YTHAUTAPHOM CMBICAE 3AQHKE BbI30BET
00IIeCTBEHHOE HEIIPHSTHE, €CAH OHO «YPOAAUBO>
FAM IIPOCTO <«<He K MECTY>.

Takoe MexeyMOYHOE [IOAOXKEHIE APXUTEKTOPOB
(HaMOAOBUHY XYAOXKHHKOB, HATIOAOBUHY HH>KEHEPOB)
BO BCe BpeMeHa IIPUBOAMAO K BCEBO3MOXKHBIM Kypbe-
3am. Koraa Ha riepBbIit TAQH BBIXOAVIAQ 9CTETHKA, APXU-
TEKTOPAMHU MOTAY CTAHOBUTBCSI CKYABIITOPBL, KOTOPbIE
II03BOASIAML Cefe — KPaCOTHI PaAU — CIIPOEKTUPOBATH
CAAOHHBII 32A TaK, YTO TYAQ HEAB3SI OBIAO IIOCTABUTb
dopremnbsno (paau 4ero oH, cO6CTBEHHO, M CO3AABAA-
CS1), ¥ B OTBET Ha pOOKOe 3aMeYaH¥e 3aKa3IHMKa IPEAAO-
XKUTb €My ITOUTPaTh Ha CKpUIIKe. Takoit mepexoc XoTst
U He PAaAOBaA 3aKA34MKa, TeM He MeHee, UMeA II03U-
THBHBII 0011{eCTBEHHBII 9P PEKT: TOAB3bI, BOSMOXKHO,
U MaAO, HO 3aT0 — Kakas kpacora! B Takue BpemeHa,
KOTOpBIE MO>KHO YCAOBHO Ha3BaTh apHCTOKpaTHde-
CKHIMU, B APXUTEKTOPAX BUAEAH B [IEPBYIO OYEPEAD Xy-
AO>KHHKOB, KOTOPBIM 3aKa3bIBAAU KAPTHHbI, MAAO [IPH
9TOM 3aAyMBIBASICh O BO3MO’KHOCTSIX CYIECTBYOIHX
MaTepHUAAOB U TEXHOAOTHIL. [IMeHHO moaToMy TOrAQ
APXUTEKTOPHI YACTO OBIBAAU B OOABILIEI CTEIIEHH HHKe-
HepaMU, BbIHY)XACHHBIMU AEAATh IIOAIAC T€HUAABHBIE
OTKPBITHSI BpOAE KOHTPPOPCOB U 3aMKOBBIX KAMHEIL.

Aeaa 06CTOSIT ropasA0 XyKe, KOTAQ KpeH Ipo-
HCXOAUT B CTOPOHY YTHAHTAPHOIO, IOCKOABKY 3TO,
B KOHI[e KOHI|OB, IPUBOAUT K YHUYTOXEHHIO JKH3-
HEHHOIO INPOCTPAHCTBA, K OOEeCIjeHeHUIO CaMoil
XU3HU B 9ToM mpocrpancTse. (Kak Hu mapapox-
CAaABHO 3TO 3BYYHUT, HO UHMCTBI YTUAUTAPHU3M SIB-
ASIeTCSI OTPHULIAHHEM KOHEYHOM IIOAB3BI, PABHO KaK
U YHCTBII IParMaTU3M SIBASIETCSI OTPULIAHIEM KOHeY-
HOM pasymHocTu.) BypskyasHble, ckaxeM, BpemeHa
HOPOAUAU pabourie Gapakw, IPSIMBIM HACAEAHUKOM
KOTOPBIX SIBASETCS COBPEMEHHOE MHOTOITAXHOE
xXuAbe (2 OTHIOAb HE AOXOAHDBIX AOMOB, KOTODBIE

TOTAQIIHUI CPEAHHH KAACC CTPOUA, IIPEXAE BCETO,
AASL ce0s1 U ceOe TIOAOOHBIX, B TOM YHCAE 1 APXUTEK-
TOPOB: BO3MOXKHO, IMEHHO II09TOMY B apXUTEKType
AOXOAHBIX AOMOB A€SATEABHOCTb APXUTEKTOPOB BbI-
TASIAUT HanboAee OPraHUYHO, TO €CTh KaK CO3HUAQHHUE
OAHOBPEMEHHO XyAOXKEeCTBEHHOI'O Y MHXXeHEePHOTO
YTHAUTAPHOTO HpOAYKTa). Brpouew, B 3amury 6yp-
Kya3HOCTH CAEAYeT CKa3aTb, YTO KAACCUYECKUIL Oyp-
Kya XOTS U YTHAUTAPHCT (ITO3UTHBHUCT), HO OTHIOAD
He 6An3opyxuit mparmaTuk. OH MOXeT He IIOHUMATb
TeHUs], OAHAKO He CTaHeT eMy MellIaTh, 3 €CAU I'eHHI
obLIenpH3HaH, TO, TO-IIPeXXHeMY He IOHUMas, OyAeT
ero yBaxxars. Aa, 6yp>xya HHTepecOBaAa B IIEPBYIO
o4epeAb YTHUAUTAPHOCTD, U B 9TOM CMBICAE €O ITOA-
HOCTBIO YCTpPauBaAu 6apaky, CO BpeMeHeM CTaBaB-
11ve Bce 60Aee MHOTOITXXHBIMU, KOTOPbIE TPOEKTH-
POBaAM apXHUTEKTOPHI-HHKeHepbl. Ho xoraa sBHAMCH
XYAOXECTBEHHO OAApPeHHbIe apXHTEKTOPbI-MHXXeHe-
PBI, @ BCA€A 32 HUMU — HH)KeHEPHO OAApeHHbIe ap-
XUTEKTOPBI-XYAOKHHKU (Takoit cobupareAbHbIil Ae
Kop6ro3be), u mokasaaH, 9T0 6apaky BIIOAHE MOTYT
OBITH apTehaKTaMI, AQ K TOMY XKe elije X KOMOPTHBI-
MU apTedaKTaMu, Oy p>Kyasusi pyKOIIAeCKaA, OXOTHO
IIAQTHAQ 1 — K BCEOOIIeMy YAOBAETBOPEHHUIO — HEIIAO-
x0 3apabareiBasa. Hakoner, XyHpepTBaccep co3paa
aHTH-6apak, B KOTOPOM MOXHO JKHTb Kak B 6apaxe,
aHTH-3aBOA, HA KOTOPOM MOXKHO paboTaTh KaK Ha 3a-
BOAE U T. A., 1 9TO CTAAO TPUYMPOM XYAOXKECTBEHHO-
cru. TakuM 06pasoM, yTHAUTApHOE BpeMs IIOPOAHAO
APXUTEKTOPOB-XYAOKHUKOB, IIOCTAaBUBIINX HOBBIE,
HEeBHAAHHBIE IPEXAE TEeXHOAOTHH U MaTePHAABI
Ha CAY>X0y MOHYMEeHTaAbHOM 0OPa3HOCTHL.

Y0 >ke KacaeTcst YKpauHbI, TO B Hell, KaK U B 60Ab-
ITMHCTBE IIOCTCOBETCKUX CTPaH, Ha IIEPBOM dTaIle I10-
OeArAQ TaK Ha3bIBaeMasi MOHETOKPATHS, T. €. «BAACTD
AeHer>, IpuYeM B IIepPBYI0 o4epeAb — B roaoBax. Mo-
HeTOKpAT, B OTAMYHE OT Oyp>Kya, He IPOCTO YTHUAH-
TApHCT, HO U 3aKOHYEHHBIH ITPAaTMATHK, © ACHbT'H AAST
Hero — He MHCTPYMEHT, He CHMBOA M AQKe He I[eAb.
AASI MOHETOKpaTa ACHBIY — 9TO U 60T, ¥ BCe CMbIC-
ABI, U BCe AOOpopeTeAn (moaToMy He caydaiina
CTaBIIasi OYeHb MOAHO IIPUCKA3Ka PO «6abA0>,
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KOTOpoe «Iobexpaer 370> ). 1 He TO 4TO6BI MO-
HETOKpAT He IIeHHA TAAQHTa, IIPOCTO AASL HETO THI
TAAQHT, €CAH y Te0sI MUAAMOH, & €CAMl MUAAMAPA —
TO reHuit. I Ipu TakOM MUPOBO33peHHUHU APXUTEKTOP —
He XYAOXKHHK U AQKe He HHXXeHep, a POCTO OAUH
U3 THICSTMU HA€MHBIX HEYAQUHUKOB, KOTOPBII AOASKEH
A€AATB, UTO CKaXXyT (TOBOPAT ke AOAM TAAQHTAHBBIE,
TO ecTb 6orarbie), a Ha BCAKHE TaM JCTeTUYECKHe
IITYYKH, CTPOUTEAbHbIE HOPMBI, CTAHAAPTbI, TPAAO-
CTpOHTEeAbHbIE OTPAHUYEHNUS U AQXKe 3aKOHBI IIPH-
POABI... TOCIIOAH, BCe XK€ MOXXHO KynuTb. Aa U BO-
obme, yeM apxuTeKTOp (KOTOPBIil U He XYAOXKHHUK,
¥ He MIDKEHep) Ay4Ille AU3aiHEPa, UAH AEBEAOTIEpa,
uan MapketoAora? K coxxaaeHuro, HeMaAO apXuTeK-
TOPOB MPHUHSAH 3TH IPaBUAA (GOABIIMHCTBO U3 HUX
BBIPACTAAO B IIO3AHECOBETCKIE BpeMeHa, B KOTOpbIe

¥ 3APOAMAACH MOHETOKPATHs). A TYT ellle «TOYeqHas]
3aCTPOMKA>» — BOUCTUHY KOPPYIILIMOHHBIN Paid.

B o6irem, 3a mocaepHIe AeCSITHAETHSI HABOPO-
yeHO (B CMBICA€ HACTPOEHO) CTOABKO 6e306pasus,
YTO IIPEOAOAEHHE 3TOTO MOTpedyeT MHOTO BpeMeH!
u ycuanii. Xopouies ke HOBOCTBIO SIBASIETCS TO, YTO
MOHETOKPaTHYEeCKUI MOPOK B TOAOBaX OYE€BUAHO pac-
CEMBAETCS U CTPaHA CTAHOBUTCS Ha Iy Th <« HOPMAAb-
HOI>» Oyp>KyasHOCTH. [OCYAApCTBO HAYMHAET IIOBBI-
IIaTh CTEIIEHb OTBETCTBEHHOCTH 32 HEIIPAaBOMEPHYIO
3aCTPOMKY, YUHOBHUKH TEPSIOT BO3MOXXHOCTD 3aKPhI-
BaTb Ha Hee rAa3a — ¥ BCE 3TO TOABKO AUIIb IIOTOMY,
4TO IPOOYAHAOCH ObIIjeCTBEHHOE CO3HAHME, BO3POC-
AaTPAKAAHCKAS aKTUBHOCTD. APXUTEKTOpPaM BO3Bpa-
I[AIOT UX MHXKEHEPHOE AOCTOMHCTBO, A XyAOXKECTBEH-
HOe OHH AOAKHBI BepHYTb cebe caMu.




RESTORATION AND CONSERVATION WORK TECHNOLOGIES FOR SCULPTURES

Orlenko Mykola Ivanovich,
“Ukrrestavratsiya” Corporation
PhD, President of Corporation
E-mail: n-orlenko2012@ukr.net

RESTORATION AND CONSERVATION WORK
TECHNOLOGIES FOR SCULPTURES

Abstract: The technology of restoration and conservation works for sculptures of restoration

objects is formulated, system-structural analysis is used to create information and logical models

exploring the restoration object, as well as problems and methods for their restoration [1-6].

Keywords: sculptures, technologies, system-structural analysis, information and logical models,

object of restoration, object of protection.

Antiseptic treatment of concrete surfaces affected
by lichen is first done mechanically, then undiluted an-
tiseptic KEIM Algicid solution is applied at once with
a bristle brush, then the treated surfaces are left for at
least 3 hours, after which the lichens are scraped off
with a metal brush. Then, the antiseptic treatment is
repeated for the already cleared concrete surfaces.

Sculpture surface cleaning from cement and
strong silicone coatings of paint causes certain dif-
ficulties, so electromechanical metal brushes of vari-
ous shapes, hydro-sandblasting with pressured water

and sand, chemical washing to remove the paint lay-
ers and cleaning with stacks and spatula are used try-
ing to moisten the surface of the sculpture as little as
possible. First, the layers of old paint are scraped off
by the spatulas and stacks, then electromechanical
brushes are used, and the cleaning process is com-
pleted with hydro-sandblasting and washing. Epoxy
coatings are not removed.

Over time, concrete sculptures suffer from cracks
of hair to 15 mm wide, so the restoration technol-
ogy is developed according to the crack width.

Figure 1. Fragments of the sculpture destruction on the “chimera house”
roof before restoration 2001
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Restoration of 5—15 mm wide cracks around old
rusty metal reinforcement begins with the opening
of the old reinforcement in the depth of the crack
for at least 2 cm; then, if possible, the old reinforce-
ment damaged by corrosion is cut out, and in case
of impossibility it should be maximally cleaned
from the concrete, then rough corrosion is cleaned
by electric brush or manually with a metal brush,
sandpaper, stack or sandblasting method, which is
the most effective one. The cleaned reinforcement is
treated with acidic rust converter or aqueous solu-
tion of orthophosphoric acid using a rigid hair or
nylon brush. Then, the metal is left for 24 hours to
complete the rust conversion reaction, after which
the rust is removed and the cracks are mechanically
cleaned from the dust before the next stage of the
restoration work.

To fill cracks in concrete sculptures, “KEIM”
comprehensive system of materials for repair and
protection of the reinforced concrete is used [1-3].
The cleaned and treated surface of the old reinforce-
ment is primed with two layers of anticorrosive

primer using a hair brush and drying each layer for
three hours. Two hours before the adhesive appli-
cation, the walls of the opened crack are moistened
with water and kept wet, then the crack walls and
the primed metal are tightly covered with adhesive
primer by rubbing it in with a brush. The cracks are
filled with a special coarse-grained solution layer by
layer with the each layer thickness up to 40 mm; the
first layer is applied “wet on wet” immediately after
the application of the adhesive, and the subsequent
layers are applied to the previous ones during their
solidification stage, not after the complete drying.
When restoring the hair-wide and thin cracks up to
3 mm, the cracks are wetted with water using a hair
brush, and the cracks are filled with medium-grained
or finishing putty rubbing it into the cracks to the
maximum possible depth. The cracks of 3-5 mm
wide are not cut, their lateral surfaces are wetted
with water and left until the drops of moisture disap-
pear, after which the cracks are filled with medium-
grained mortar to the maximum possible depth by
pressing the mortar in with thin stacks.

Figure 2-3. Restoration of stucco figures on the “chimera house” facade in 2002

The replenishment of sculptural decoration loss-
es is performed directly on the facade using materials
of the KEIM Restauro two-component restoration
system consisting of the main filling mass and the cov-
ering mass applied as 2 mm layer [1-3]. Before the
work start, concrete surfaces are prepared: stainless

steel reinforcement is installed at the depth of at least
5 cm from the front surface, and pores are cleaned from
mechanical impurities with clean water and brush.
Then, concrete surfaces are primed with adhesive after
wetting them with water and leaving until the drops of
moisture disappear. After the adhesive priming, several

8



RESTORATION AND CONSERVATION WORK TECHNOLOGIES FOR SCULPTURES

layers of the filler mass are applied with spatulas and
stacks; the layer applied should be no more than S cm
and each subsequent layer is applied after solidifica-
tion of the previous one (the layer solidification time is
4 hours). Each layer surfaces are cut leaving 2 cm for
the cover layer. Between the last layer hardening and
the cover layer application one day should pass. Before
applying the cover layer, the surfaces are wetted with
water, the cover layer mortar is applied to the primer
mass by pressing, and the cover layer thickness should

not exceed 3 cm. The mortar is left for 2—4 hours, after
which figure cutting and molding starts; at the end of
the work, the necessary texture is added to the surfaces
by applying a thin 1-2 mm mortar layer and periodical
surface wetting with water for 2-3 days.

Sculpture fragments lost before the restoration or
during the cleaning process can be reconstructed us-
ing the method of cement and sand mortar casting;
silicone molds and stainless steel reinforcement as a

three-dimensional frame are used for casting.

Figure 4. The “chimera house” facade after restoration

Waterproofing for concrete sculptures constantly
exposed to the atmospheric moisture is performed
using hydraulic cementitious insulating powder
based on capillary cement with addition of synthetic
substance — “Cerinol DS” waterproofing coating. The
waterproofing coating is applied to the wet base being
characterized by high adhesion to concrete surfaces.
The “Cerinol DS” waterproofing coating is character-
ized by high water and vapor resistance, high adhe-
sion to the wet concrete surface, high resistance to

chemicals, aggressive environment and mechanical
damage, relatively low cost and easiness to apply. To
ensure high-quality coating adhesion to the base, the
latter is prepared since it must be strong, stable and
out of flaking particles on its surface; therefore, ce-
ment jelly, destructed material and water leaks are
removed from the surface with a water jet device. The
waterproofing is applied only to the surface having
no cracks or subsidence, so all seams between bricks
are preliminarily treated with the cement mortar.
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Figure 5-6. The state of “Putti” sculptures on the roof of the Odessa
National Opera and Ballet Theater before the restoration of 2002

. ' - o ==

Figure 7. Restored sculpture of Melpomene on the roof of the
Odessa National Theater of Opera and Ballet
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The waterproofing with the “Cerinol DS” mate-
rial is performed in the following sequence. First,
the coating mixture is made using low-speed elec-
tric drills with special mixing nozzles for 45 minutes
of work. Before the coating application, the surface
should be moistened with plenty of water without
dripping moisture formation. The coating is applied
with a construction brush as two layers with a layer

thickness of 2-3 mm and a 24-hour break between
the first and second layer application.

Before applying the second layer, the surface is
wetted. For at least three days, the waterproofing
coating surface is moistened with water to prevent
the waterproofing layer drying. After 7 days, plaster
or paint can be applied to the waterproofing coating
layer.
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LWMKJIOCTAOUUHBIE TPAHCOOPMALUN
roro40B-METPOMNOJINA KAK JIAHALUA®DTHbBIX
¢GEHOMEHOB LMBUJIN3ALINNA

Annoranus: B crarpe paccMarpuBaeTcsi 0COOEHHOCTH CTAHOBAEHHS U Pa3BUTHUS TOPOAOB KaK
KyABTYPHO-UCTOPUYECKMX METPOIOAUI. B pamMkax eAMHCTBa coljuyMma, TeXHOCPepbl, IPUPOADI pa3-
AUYHBIX T€OTOIIOB-PETrHOHOB OMKYMEHBI, OHU UCCAEAYIOTCS KaK CyObeKT TPaHCPOPMALIMU AeHCTBH-
TEAbHOCTH, IIPOLIECCO-CPEAOBbIE AQHAIIAPTHBIE aPEAABl PACCEACHHS, BONAOIIAIOINE KyABTYpHbIE

06pasibl UAEHTHHUKALIMHU ITIOX.

KaroueBblie cAOBa: FOPOAA-METPOIIOAUH, IINBUAM3AIINH, HACHTHIHOCTD, TPaHCPopManus, ypba-

HU3aIKs, AAHAIIA(QTHBIN PeHOMEH.

B Hacrosiee BpeMs HCCAGAOBATEAH BCe OOAbIIIe
00pamaroTCst K OIBITY IIPOIIAOTO U IBITAIOTCS Pac-
KPBITD ITO3UIIUIO TOPOAA B pOPMHUPOBAHUH U Pa3BU-
THUU LIUBUAUBALIMI HCCAEAYSI TOPOA KaK CBO€OOpa3HbIit
KYABTYPHO-UCTOPUYECKUI peHOMEH, 0OpamaroTcs
K ¢paKkTOpaM U MeXaHM3MaM €ro BO3HUKHOBEHHUS.

OTY TeMaTUKY HCCAEAOBAHUS HEYACTO aHAAM3BHPY-
0T ypOAHHCTBI, TAK KAK AAUTEABHBIH IIEPHOA BpeMeH!
OBIAO IIPUHATO B OOABIIIEFT CTEIIEHN 3aHUMATHCSI IIOUC-
KaMM HaIlMOHAABHOM MACHTUYHOCTHU B apXMTEKType

Y IPAAOCTPOUTEABCTBE, I OOXOAUTD CTOPOHOM HAAU-
YHe [TUBUAU3AIIMOHHOM HAeHTHYHOCTU. Ho MHOrHe
COBpeMeHHbIe HCCAEAOBAHS IIPUXOAST K BHIBOAY, ITO
FOCYAQPCTBA [IPUXOAST B YIIAAOK, & FOPOAA Habupa-
10T Bce Ooablee 3HaveHe. Tak mpodeccop MBEACKO
koAbl axoHomuku K. Hopactpem yrBepskaaet, uro
MBI HAXOAUMCSI B Ha4aAe CaMoil ObICTpoit ypbaHu3a-
11K YeA0BedecTBa. I 10 ero MHEHHUIO CTPaHbl yMUPAOT
KaK CTPYKTYPBL, 1 I10 €r0 IIPOrHo3aM yxe 4epes S0 aer
BMecTo 218 crpan 6yaer 600 ropopos [S]. Vimenno
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TOT (aKT, YTO TOPOAA IPUOOPETAIOT MIOCTEIIeHHO
boAbIlIee MEPOBOE 3HAYEHIE HAPSIAY C TOCYAAPCTBAMY,
3aCTaBASIET OOPATUTD BHIMAHIE He TOABKO Ha BbIIIIe-
YIIOMSIHYTYIO HAIJHOHAABHYIO HAEHTUYHOCTH, KOTO-
past KaKk BUA KOAAGKTHBHOM HACHTUYHOCTH OITHPAeT-
CsI B IIEPBYIO OYepeAb Ha HACHTHPHKAIIUIO YeAOBEKa
C HaIjMel U TOCYAAPCTBOM, HO U PacCCMOTPETD TeHe-
THYIECKYIO B3aUMOCBSI3b TOPOAOB C IIUBHAHU3AIIHAMY,
VICTIOAB3YSI [IMBUAM3AIIMOHHDIN ToAX0A [9]. Hanboaee
HCCAEAOBAHA 9Ta TEMATHKA B PAOOTaX psiaa HCCAEAO-
BaTeAell, KOTOPbIe BSABASIFOTCS OCHOBOIIOAOKHHKAMH
LIMBHAU3ALMOHHOTO MOAX0AA: M. Bebep, A. Toitn-
6u (6], . Bpoaean, H. Aannaesckuii, I[1. Copokus,
A.Tymunes, E. Aarun [4] u psia uctopuxos, 06sb-
@AMHHBIIHIXCS BOKPYT PPaHI[y3CKOTO UCTOPUYIECKO-
ro XypHaAa «AHHaAb>». B xonne XX Bexa uHTepec
K IIUBUAM3AIIMOHHOMY IIOAXOAY BO3POAHUACS B CEPUH
PaboT MOAUTOAOTOB, 9KOHOMHUCTOB 1 PYTYPOAOTOB
. Pyxko, 3. bxesunckoro, 1. Baaaepcraiina, C. Xan-
THUHI'TOHA, A. Taprosckoro u Ap.

B EBpore 60AbIIne rOpOAQ, PACIIHPSIAUCH B Tede-
HIe BCero IepruoAa ypOaHU3aIuK, CO3AAAH OOAbIIIIe
apeaAbl pacCeAeHHUs — arAOMeparuu (MeTpPOIOAUChI)
¥l METAAOTIOAHCHI ( peruoHaAbHbIe 06beANHEHNUS arA0-
Mepanumn — MeTponomﬁ). A mo pamupiMm Eurostat,
Geostat Population Glid pasanyarorcs ypbarucru-
yeckue 1eHTpbI (6oaee 1500 xuTeaeit Ha kM2), yp-
6anuctmaeckue kaactepst (ot 300 Ao 1500 sxuteneit
Ha KM?), pypasbHbiit (ceabckuit) ¢pon [1].

MeTpornoAns — 3TO CaMOCTOSITEAbHAS eAMHHIIA
pacceaenus, koTopas umeer AApo (Poxyc) sapokae-
HISI 1 AUHAMHYHYIO TIePHPUPUIO IIUKAOCTAAUNHOTO
CTAaHOBAEHHSI, PACIIPOCTPAHEHUS U BOCIIPOHM3BOA-
CTBa KaK AAHAIIA$THOTrO Ijeaoro. [opoa-meTporo-
AMSL— 3TO AAHAIIAQTHBII peHOMeEH («<TeAO0> LIUBHUAH-
3aljMK — TPAHCIIEHAEHTHOTO PeHOMEeHa PacCeAeHHs)
Ha OIPEACACHHOM JTaIle 9BOAIOIUH — TOPOA-TIOAUC
B aHTHMYHOCTH, TOPOA-PBIHOK B IIo3pHeM CpeaHese-
KOBbe, FOPOA-pabpHKa B 9IIOXY HHAYCTPHAAU3ALHY,
IIOCT-COBpeMeHHOe ropoA-xab [3].

Eme A. ToriHOu yKa3bIBaA, 4TO KaXKAASI [IUBUAY-
3al[Ks IPOXOAHT Ha CBOEM SKU3HEHHOM Iy TH (B TOA-

HOM IIHKA€) CAEAYIONINE CTAAMU: POXKACHHE, POCT,
pacuBeT, HaAAOM, TapeHus u rubeas (puc. 1, A) [6].
ITo muenuto E. AsinuHa o NMBUAM3ALIUU CACAYET T'O-
BOPUTD He KaK O COCTOSTHMH, B KOTOPOM HaXOAUTCS
00115eCcTBO, HO KaK O IPOLiecce, KOTOPBII IPOXOAUT
oIpeAeAe€HHbIe CTAAMH, YTO 3aKOHOMEPHO CAEAYIOT
OAHa 32 ApyTOi1 (>XU3HeHHBIH My Th). B cBoeit pabore
«/\MHaMUKa ITUBUAU3AIIUI > OH IPUBOAUT AOBOABHO
PasBUTYIO CXeMY >KM3HEHHOTO ITyTH LIUBUAU3AITUI
(puc. 1, B) [4]. AunaMuKa METPOTIOAM3AIUU KOPPe-
AMPYeTCs C U3MEHEHUSIMH CTAAMH ITUKAQ )XM3HEHHO-
IO ITyTH KOHKPETHOM IIMBUAU3AIIMH C y4eToM a9 dek-
TOB €€ B3aUMOAEHCTBUM C APYTHMH LIMBUAM3ALIAAMU
U AeVICTBUH (aKTOPOB TAOOAAUBALINY 1 PETHOHAAU-
sanuu Ppenomena pacceaenus (Taba. 1).
IepBuunas crapus mpeACTaBAsieT coboit obpa-
30BaHHe SApPa pacceAeHHs B $OKyce TeHeTHIeCKOro
«IIPUKpEINAEHHS>» SYeeK 3aCEACHUsI U KOAeOaHUsI
IIUKAOCTAAMIHOM MeTponoausanun. [Tocaeayromue
apXeOoAOTHYeCKHe CTAAUM YKOPEHEHHS 1 yBeAUdeHNU s
KYABTYPHO-UCTOPHYECKOI MacChl LIMBUAM3AIMH (Ka-
TIMTAAM3ALHS TOPOACKOTO AAHATIA(TA) OMPEACASIOT
TaKHe ee COCTAaBASIONIME: MaTepHaAbHas (<«Tero»
KaK KyABTYPHOE TePPUTOPHAABHOE HACAEACTBO) H Ay-
XOBHasl (KyABTYpHAsl HAATEPUTOPHAABHAS TIAMSITD ) —
<AYIIa>» U <AyX> [IUBHAM3AIIMN — METPOIIOAHH.
Aast craanu Kaaccuky XxapakTepHO KOMITAaKTHOE
MOCeAeHHe-TOPOA CO CAOXKHUBIIHMCS SIADOM OOBIMHO
Ha crapun Apxanku. Co crapueit MopepH cBsI3aHO cek-
TOPHO-TIOSICHOE PACHIMPEeHHe FOPOAOB C IIOCAEAOBA-
TeAbHbIM (HaMeYaeMbIM) PACTIAAOM METPOTIOAMIHOTO
apeaAa Ha II0OAY3aMKHYThle TepPUTOPHAAbHBIE 0Opa30-
Banus [2]. Crapus Aexapanca (<<I'[0CTMOAepHa>>) -
3TO MPOAOAXKAIOIIlee pacIupeHHe MeTOPIIOAHMMHOTO
apeasa c mporpecupyrouleil aBTOHOMH3aLueit (B co-
1IMaABHO-6bITOBOM H3MEPEHHH ) OTACABHDIX pparMeH-
TOB FOPOAOB-PETHOHOB (METPOMIOAMCOB, METAAOTIOAH-
coB). [T0aTOMY MOYKHO PacCMaTpUBATb IUBUAM3ALIUIO
(TpaHCLEHAEGHTHOE BOIAOIIEHNE KYABTYPHBIX GOPM-
AOTOCOB) Kak MePMaHEHTHYI0 (LJMKAOCTAAMITHYIO)
MEeTPOIIOAU3AITHIO ACHCTBUTEABHOCTH PACCEACHUS —
IIAQHHPOBOYHOE

«<KYCTOBO€> PpaCIpOCTpaHEHNE
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AaHAIAQTHBIX (POLIECCO-CPEAOBBIX) APEAAOB pacce-
Aenys. [lnkaocrapuitauil xapakTep popMupoBaHus,
(YHKIIMOHUPOBAHUS, Pa3BUTHA U BOCIIPOU3BOACTBA
ITOCEAEHMI-aPeaAOB PACCeAeHMS KaK eAMHCTBA Mpo-
HCXOXXACHHS, CTAaHOBACHHSA M B3aUMOCBS3aHHOTO
(Ha IPUHIMITAX AAATOPHKYU U CYTIEPTIO3ULIUH) CHA

u (l)eHOMeHOB IIPHPOADI, TEXHNKH, COLIITYMa OIIPEACASI-

6.TMBENb

€T reTepOTreHHOCTb IIPUPOAHO-TEXHO-COLIAYMAABHOTO
cyberpara (AaHAIHa(l)THoe Ter) LUBUAM3ALIIH, OTPa-
JKaeT ee KYAbTYPHO-UCTOPUYECKHI )XU3HEHHDIH ITyTh
U HHAUBHAYAABHYIO CYABOY, @ TAIOKe aAeKBAaTHOCTb yC-
AOBHI CAMOCO3HAHHMA M CAMOYTIPABACHHS METPOIIOAMI
AOKaABHOT'O, PETHOHAABHOTO, MEXKPETHOHAABHOI'O HAU
rA06aABHOTO (MUPOBOTO) ypOBHEHL.

1. POXAEHUE

2.POCT

5.NAQEHUE

LIMBWIN3ALIUN

LMKn
PA3BUTUS

3. PACLIBET

4.HAQJIOM
A | Knaccuueckas cxema UMK pa3BuTrA Umeunnsaumia (3a A. TonH6w), 1993
KNACCUKA MOJEPH
Pa3suTvie pauvoHanusva, Mpeo6naparye pauyoHanuma
1 ponts conmepua AR TPARALIOHOCTO R0
< TpagvuMamMy. Ss0niouma Benvkve neaHua.
B YCTOIUNBOM HaNpaBNeHnM. Kpuauic. BpekpayH.
OdopmneHme MHAMBMAYaNbHOCTY U-1. HeycroitumsocTb
Co3aHme 1 roCroAcTBO 8 HaNpaBNeHN passuTHA,
mww“ﬁ_ Omecﬁ‘m MpeobnanaHite pauyoHanmama
PacenogHo Ha pepxHen HaRTPRRMLMOKHOCTo.
1 UK CROW, PYKOBORAEA Benune peskian.
porb y coL. apmarypel. Heycromampocss.
YCTOMUMBOCTb NPY AOCTATOMHO N Hanpg’me"m ez,
3ameAneHHoW 3Bonynn.
BOMbLUOW KPU3UC @ NPOCTPALIA
V13MeHeHIe BHeLIHNX yCNoBHit. Pacnaa cuctembl
Tu6enb vacTu KU3H OBLLIECTBA.
HaceneHua. lMocteneHHoe Hemocoﬁnocrb
NPeo6pa3soBaHIA NEPBOHAYANBHbIX
TPaAMLMNII Ha BTOPUUHbIE. \ MHqumnyanbnocrb
Hauano paccnioeHns unennmauui. Mokoperue
(mofgg;saus;g: u VI Kn \ BHELW. BO3AEVCTBIAM.
NEPBOBbLITHOCTb TMBENb
Pa3BuTVie 1 rOCNOACTBO Pacnap Ha oTaenbHbie wacTn
TpaauuWit (NepBoBbITHBIX) BkloueHme 1x B KayecTse
vaTepuana 8 Apyrux UB-i
XKMBOTHAA
CTAOMA
FOCMOACTB NHCTUHKTOB
poxaeHne ymusunnsaynn
opraHnyeckKasa BeTBb XXU3HEHHOTO nymm unsunusaunn
HeopraHn4yecKana BeTBb XXU3HEHHOro NyTn uMBuinsaymun
rmbenb 1 pacnag UuBmUIM3aummn
b | Cxema uukna passutna umsunusauuii (3a E. JIanuHbIm)

PucyHok 1. Llnknbl pa3sutus uysmansauuii (3a A. TonHou, E. JIannHbim)
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MOXXHO TOBOPHTB, YTO METPOIIOAU3ALIISI — ITO
CHCTeMHO-IIAQHUPOBOYHASI XAPAKTEPHUCTHKA BO3HHK-
HOBEHMs 1 IIpeoOpa3oBaHusi AaHAIIAdGTHOTrO 6asnca
LIMBUAH3AI[IH, KOTOPasi KpOMe 6a3rca-TeAa UMeeT UM-
MaHeHTHBIE AYIIY U AyX COOCTBEHHOM SIIOXHL.

OTH COCTaBASIIOLIME SIBASIIOTCSL pe30HATOpa-
MH M TPAaHCASITOPaMHU (MOAYAITOpPaMH) HHTEHLIUI
TPAHCI[EHACHTHON 9KCIIAMKALIUK M BOIAOIeHMe
KYABTYPHBIX GOpM IUBUAU3ALMEI (AOTOCOB Aeii-
CTBUTEABHOCTH [7; 8]) — ITMKAOCTaAMITHOTO BOC-
[POU3BEAEHHS] TeTePOTeHHOIO AAHAIMAPTHOTO

KOHTUHHYMa, (QParMEHTHPOBAHHOTO B apeaAax
pacceAeHusL.

TakuM 06pa3oM, COTAACHO HUBHAU3AIIUOHHOM
TapaAUrMe AeHCTBUTEAbHOCTHU PACCeAEHHMS, TIOCeAe-
Hus (ropoAa, PeruoHbl) SIBASIOTCS KYABTYPHO-HCTO-
PUYECKHMH MeTPOTIOAMAMHU (EAUHCTBA COLIMYMa,
TeXHOCepbl, TPHPOABI PA3AUMHBIX T€0TOIIOB-PerH-
OHOB OFKyMeHbl), cybbexramu (TpaHc)popmanuu
AEIICTBUTEABHOCTH, TIPOLECCO-CPEAOBBIMU AAHA-
madTHBIMU APeaAaMH PACCEAHHs], BOTTAOIAIONIHE
KYABTYPHble 06pasiibl UACHTUUKALIUH STIOX.

Tabnuua 1. - XapakTepucTuka UMKNOCTaanmnHOCTM FrOpoaCcKoro naHgwadra

C O6mjas xapaKTepHCTHKA KaroueBnie XapaKTepHCTHKA TOPOACKOIO AQHA- KaroueBnie
TaAHS
CTaAMH cAOBa madTa cA0Ba
1 2 3 4 S
IIpoucxoauT passuTHe U TO- Sapo moceae-
IepBo6bIT- P paspir IlepBob6biTHSBIE . P
CTOACTBO TpaauLuit (mepBo- 3aposkAeHHUS AP TIOCEASHHIA. HHSI, 3apOXKAe-
wocts (IT) TpaAULIAH
OBITHBIX). HUe
3HaunTeAbHOE U3MeHeH e
BHEIITHHUX YCAOBUH, 9TO AEAAET
HEBO3MOXXHBIM IIPOAOAXKATh
IPEXXHIO GOPMy SKH3HMU. IlepBo6bITHSbIE,
. | IIpomcxosurt rubeas qactu BTOpPHYHBIE TPa-
Boapmoit Sapo noceae-
HaceAeHMs M [IOCTeNleHHOe AHMIIMH, paccAoe- .
KPH3HUC CraHOBA€HMe sSIAEp IOCEACHUH. HUS, CTAHOBAE-
(B.K.) IpeBpalleHye IEPBOHAYAAb- | HH€, 3aPOXKAEHHE
K. 5 s HUe
HbIX TPAAULIUI Ha BTOPUYHBIE. | COLIMAABHOMN
Haumzaercs paccaoenue apMaTyphl
1 3aPOXKAEHHE COLIAAbHOM
apmarypbI (clieneHue cA0eB
corpyma).
TocrioacTBo B 60ABIIElH
CTeIleHU BTOPMYHBIX TPAAU-
uit. ObmecTBO paccaoeHo | Bropuumbie Tpa- | PasBurie siaep IoceAeHuit, pacrpo-
Apxauxa Ha BepXHUe M HIDKHHE CAOM, | AUIMH, YCTOMYH- | CTPaHeHHe 30H UX QYHKIMOHAABHOTO Sapo noceae-
(A) PYKOBOASIIASl POAD Y COLIM- | BOCTD, 3AMEAAEH- | BAUSHHS ¥ TEPPUTOPHAABHBIX B3aMO- HUS, Pa3BUTHE
AAbHOM apMaTyphl. YCTOH- Hasl 9BOAIOIIVS ACHCTBHI.
YHUBOCTD IIPU AOCTAaTOYHO
3aMeAAEHHOM 3BOAIOLIUH.
DopMHupyeTCs KAACCHIECKHI IIOAKC KaK
HCTOPHYECKAs YaCTh MeTponoauu. Iopo-
ITpoucxoauT passuTHe
. Tpaaummn, AQ BBIIIOAHSIOT BOXKHYIO PEI'yAUPYIONIYIO .
PpaLMOHaAM3Ma, KOTOPbIH Kaaccuyecxuit
palOHAAK3M, dyHkmIo (ropopa-rocyaapcTsa).
Kaaccuxa | moAydaeT poAb copasMepHO TIOAHC, TOPOAQ,
BbIcBOOOXKAeHHe | CO3AQHME U TOCIIOACTBO LIUBHAU3AIIHOH-
(K) ¢ Tpapunuamu. Yactuynoe _ | IMBUAM32-IIMOH-
HMHAMBUAYAAD- HOro cTHASL.. COrAACOBaHHOCTD TPAAMITHI .
BBICBOOOXKAEHIE HHAUBUAY- . HBIA CTHAD
. |HOCTH, U CXOACTBO BHEIIHUX YCAOBUM IIPUBOAUT
AAPHOCTH OT ITyT TPAAMIHHL.
K TOMY, YTO XKU3Hb OOIIIeCTBA OKa3bIBAET-
Cs1 YCTPOEHHOM IO OTAEABHOM
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1 2 3 4 S
Kaaccuka | 3HauMTeAbHAS 9BOAIOIUS 3HAYUTEAbHAS cxeMe (ITMBHAM3AITMOHHBIM CTHAEM). Kaaccuueckuit
(K) B YCTOMYMBOM HAIIPaBACHHHU. | 9BOAIOIIHS, CTHAD MOXXHO pacCMaTpHBATh KaK OCY- IIOAHIC, TOPOAR,

IToanoe opopmMAaeHHE HHAM- | IOAHASI MHAU- IeCTBACHNE OLPEAEACHHBIX OOIINX UACH. | IUBUAM3A-1IHOH-
BHAYAAbHOCTH IJUBUAM3ALIMH. | BUAYAABHOCTD CaM CTHAD He MOKeT OBITh 3aCTHIBIIMM, | HBIIM CTHAD
[IMBUAM3ALINH OH pa3BHBAETCS U COBEPUICHCTBYETCS
B COTAACOBAHHUH C IIPHPOAOH AAHHOTO
cTuas. ITocTeneHHO YCAOKHAIOTCS HACH,
A€XKaIl[Fie B OCHOBE CTHAS (I/IAeHTI/IcpHKa-
IIUM AAHAIIA(THBIX apeaAOB).
Hpeo6AaAaHne PaLMOHAAN3- ITponcxoAnT aKTUBH3ALMS METPOIIOAN3A-
Ma HaA TPaAUIIMOHHOCTHIO. LMK PeTHOHA KaK sIBACHHe YpOaHU3aI¥n.
Beanxkwe aestams. Kpusnc. B anoxy MoaepHa cTuab paspymaercs.
Bpakaayn. Heycroitausocrsb B crapnu MoaepHa B 60AbIIMHCTBE
B COCTOSIHUM U HAITPaBAHUN LIUBUAM3ALIUI MOSIBASIETCS CTPEMACHHE
passurus. [Ipu nepexope K pa3pacTaHMIO TOPOAOB, 3Ta TEHAEHIUS
k MoaepHy HHAUBHUAYaAU3M YBEAUYHMBAETCS [0 CPABHEHMUIO CO CTa-
pacnBeTaeT B IIOAHOM Mepe. ITpenmymecrso | pmeit K. Hepeako IpHBOAMT K CO3AQHUIO | AKTHBH3AIIUS
ITa CTapAUs — IePUOA KOH- pallMOHAAM3MA, | TUTAHTCKHUX FOPOAOB, IPUPOAA KOTOPBIX | METPOIIOAM3a-
(AMKTOB M KPU3KCOB, TIO3TOMY | BEAUKHUE AGSHUS, | 3HAYUTEABHO OTAMYAETCS OT IPUPOADI IIMH, paspy-

Mogpepn

OHa He MOKET ObITh OYeHb
3arspxHOM. COOBITHSA 3TOM
CTaAMH YaCTO BOCIIPUHHMAIOT-
Cs KakK BepIJ.H/IHa ITMBUAN3AITIH.
COBOKYIHOCTD COOBITHIL
rTaxoro nepexoaa A. Toiu6u
HasbiBaet Baexaaynom (Hap-
AomoMm). B amoxy Moaepna Bce
Jallje IIPOMCXOAST BOCHHbIE
CTOAKHOBE@HUS LIUBUAU3AIIHIH,

KPHBHC, Opek-
AQYH, paciBeT
MHAUBUAYAAH3-
Ma, OCTpble KOH-
$AMKTDI, BepIIU-
Ha QUBHUAW3ALNH,
HAAAOM, BOEHHbIE
CTOAKHOBEHUSI,
KOHTAKTBI C 1y-
XKHMH 0611je-

FOPOAOB IPOIMAOTO Tuma. PocT ruran-
TOB OOBSACHSETCS TEM, YTO AASL CBOUX
PALIFOHAABHBIX CTPEMAEHHUI AFOAY BCEX
COLJMAaAbHBIX I'pyl'[l'[ XOTAT XKUTbh U Aeﬁ-
CTBOBATb B OOABLIOM TOPOAE C MHOXKe-
CTBOM KOHTAKTOB, 00Pa3yIoT OrpOMHYIO
HEKOHTPOAHpPYeMyIo ceTb. JKU3Hb
[MrAHTA OKA3bIBAET BAUSHUE HA TEX, KTO
0CTaeTCs 32 ero MPeACAAMHL, H3MeHsIsI
>KHM3HD BCero rocypapcrsa. Crposrcs

IIeHUe CTHAS,
POCT rOpPOAOB,
COo3paHMe T'H-
TUHTCBKUX I'O-
POAOB, KpYIIHbIE
ropoaa, 060-
POHH-TEAbHbIE
COOpY>XeHns,
KPEIOCTH, TICeB-
AOKAACCH-9eCKIX

C nmepexopom B cTapmio Mo- | cTBaMu PpasAnMUHbIE 0OOPOHHUTEABHBIE COOPYXKe- | CTHAD
AEPH IIPOHMCXOAHT YCTaHOBAE- Hus, Kpenoctu. [TosBAsieTcs cTpemaeHme
HIe KOHTaKTOB AKe C UyIKHU- CBSI3aTh HACTOSIIEE HE TOABKO C OYAY-
MU 06IlleCTBaMI/I. BOSMO)KeH UM, HO 1 yKPeHI/ITb CB4A3b C HPOH.[AI)IM.
3armyck (U3MeHeHue) HOBOTO Ortcropa xapakTepHO AAS cTapn MopepH
ITUBHUAH3ALMOHHOI'O ITNKAQ IIOSIBAC€HHE IICEBAOKAACCUYECCKHX CTHUAA.
(oTHOmEHNME «OTIIOBCTBa> Ho 5T0 HUKOTAQ He TIPHBOAUT K PecTaB-
nu <<beIHOBAeHI/ISI>>). paunn norn6mero.
Crabuansanus Ha AOCTHUT- B crapun M., ocobeHHO Ipu repexoae K A,
HYTOM YpPOBHE. OcHoBa TOSIBASIFOTCSI TOPOAQ OTAHUYAOIIUECS] OCO- MHpOBbIe
PKHI3HH — KBAaSUTPAAULIHHL. OBIM XapaKTEPOM — MUPOBBIE TOPOAA (MeX- | TOPOAA, MESK-
epeaoBanns TEMHBIX U CBeT- | Crafuamsanyss, | perMOHAAbHASL METPOTIOAHST). DTO TOPOAA | PETHOHAABHAS
AbIX IepHoAOB. ITocTenen-
8 KBa3UTPAAUIIUY, |B IPEACAAX KOTOPBIX OCYIECTBASIIOTCS CH- | METPOIIOAHS,
eKapAaHC HBIN YIIAAOK CHA M1 CHHDKEHHE o
Al)< YTIAAOK CHA, CHH- | CTeMAaTHYeCKHe KOHTAKTBI ¥ B3aHMOACH- | paspylleHHe
axTuBHOCTH. CMBICA TIEpe- 6 .
JKeHHe aKTUBHO- CTBUSL Mt YACHaMU TB, IIPUH -|T 150087058
X0AQ K CTapAnH AeKapaHca ©KAY IACHAMH ODILECTE, IPUHAAAE- | TPAAULIHY,
CTH, HOBBIE AIOA | >KAIIJUX K Pa3HbIM TPYIIIaM U AQXKe APYTUM | KOCMOIIOAUTH-

HalTH AASL oOmmecTBa 6oaee
HAY MEHEE YCTOMYIHBOE CO-
CTOsIHHE, CBSI3aHHOE C HOBbBI-
MU AIOABMU

LMBAAMBALMSM (MyABTHKYABTYPHOE O6Ime-
c1B0). OCHOBHOI1 IEPHOA SKU3HU TAaKHX IO-
PpoAoB — AekapaHc

JecKue ropoaa,
BEANYHEe CTOALIBI
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CYCLICAL-STAGE TRANSFORMATIONS OF CITIES-METROPOLISES AS THE LANDSCAPE PHENOMENAS OF CIVILIZATIONS

K. MHcTuryT rpaskpanckoro obmecrsa, — 2017. - 139 c.

yka,— 1984.- 181 c.

1 2 3 4 S
eegaAch (MurpanTst). Bosmosken Crabnansanus, | MupOBOI FOPOA AOAYKEH ObITb AOCTATOYHO | MupoBble ropo-
A 3aITyCK (I/IBMeHeHI/Ie) HOBOTO | KBa3UTPAAUILIUH, | MHOTOYUCACHHBIM M COOTBETCTBEHHO 3aHU- | AQ, MEPETOHAAD-
OUBAANSANUOHHOTO IMKAA | yIapOK CHA, Martb 60AbmIyIo TeppuTOpHIO. I 10 CBOelt IpH- | Hast MeTPOIIOANS,
(oTHOmeNHNE «OTUOBCTBA» | hyycenpe aTuB- POAE OH He OrpaHMYeH KaKMMU AUGO TpeAe- | paspylieHne
M <YCHIHOBACHUSL> ). HOCTH, HOBbBIE Aamu. BxarouaeT B uMCAO CBOMX SKUTeAH | TPAAMITHIA, KOMO-
ATOAHT AIOACH, OTHOCSIIIUXCS K APYTOH IJMBHAU3A- | IOAUTHYECKHUE
tun. PaspymieHve TpasUImit 0COOEHHO HH- | TOPOAQ, BEAUYHE
TEHCHUBHO IIPOTEKAET B PAMKAX «MUPOBOTO> | CTOAUIIBI
ropoaa. baaropaps coeit kocMOIIOAUTHY-
HOCTU MHPOBO T'OPOA OKAa3bIBaeT BAUSHHUE
U 32 IIpeAeAaMi 00AACTH CBOEH IJBHAN3A-
M. AASI TOAKpeTIACHHS ABTOPHUTETa HOBOK
cToAMIBI (B CAydae ee TiepeHOCa Ha HOBOE
MecTo) TpebyeTcs 4To6bI OHA OCYIIECTBASIA]
CHABHOE BIIEYaTAGHHE CBOeH KPacoTOl, Be-
AWYHEeM, OTBEYAAA IIPEACTABACHIAM O MOIIU
U cuAe. AKTYaAbHOCTD aKTHBHOM TpaHCOP-
Ma1uK GpparMeHTOB FOPOACKHIX AAHATITA(GTOB
(apeanoB paccesenmus).
Pacrmap MexanmaMma KHM3HH
obmecrBa. HecnmocobuocTp
3aIUTUTh UHAUBUAYAABHOCTD
nusuansanuii.  Iloxopenue
BHEIITHUM BO3AEHCTBUIM. Pacnap, mopuu- ITocTenenHpI yIIaAOK FOPOAQ, ACTPaAa-
i Ecan HuKakve BHeIIHMe CO- | HeHVE BHENIHHM | IfHISI TOPOACKHX AAHAIIA(TOB.
Pog;p a; TPSICUHHS He IPHBOASIT ITH- | BO3ACHCTBHSM, 3apaua  OMOAOXKEHHSI TOPOAOB IIyTeM | YIMAAOK TOPOAA
P BHAM3AIIMIO K MTHOBEHHOMY | YIIAAOK, ITPO- aMaAbraMaruu (CAMSHMS) U C HCIIOAB30-
Kpaxy, 9aCTO He3aMeTHO AASI | CTpaIjus BaHHEM PeCypPCOB METPOIOAHI.
rAa3 COBPEMEHHUKOB, IJUBH-
AM3aIMA B IepHop AekapaHca
ABIDKETCSI K CBOEMY 3aKaTy —
ITpocTpanumn.
Pacmap Ha oTAEABHBIE YACTH.
Brarouenne unx B KauecTBe
MaTepHasa B Apyrue IHBHU- | Pacmaa Ha oT- ITepexoa ropoaoB ncdesaromeil UBUAU- | [nOeab ropaa, me-
Anzanun. TTpuduHOM rubeAn | AeAbHBIE YaCTH, | 3aLIUH IIOA BAACTh APYTOM AEHCTBYIOIEH | PEXOA II0A BAACTD
Tubeas () |uUMBUAMBALMM SIBASETCS WHC- | TH6EAb, HCUEpIa- | IUBUAM3AIIMH TI0 IPUHIIHITY TOAPAXKAHHS. | ADYTOU IIHBASIIH-
YepIiaHue ee XKU3HEHHBIX CHA. | HUS )KM3HEHHBIX | JacTo OCTaTKY IMBUAM3ALUY IIpHOOpeTa- | v, 3dPekT Ima-
I'paHHIBI TPOAOAKUTEABHO- | CHA 10T 3P PEeKT CPeAOBOTO ITAAUMIICECTA. AMIMIICECTA
CTH >KUBHM IIUBUAMBALIUN —
0,5-3,0 ThICSAY A€T.
Cnucox AuTeparypbl:
1. AraoMepainuu: MeXKAYHAPOAHDIH OIIBIT, TEHAEHITMH, BBIBOABI AAS YKPaUHBIL. AHAAUTHYECKAs 3aIlicKa —

I'xazsrae B. A. CorraAbHO-9KOHOMUYeCKas HHTEPIPHUTALIUS FOPOACKOI cpeas! / B. A. Thasbraes. — M. Ha-
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3. Topoa 6e3 rpannn / B. A. Inassraes. — Mocksa: M3pareapckuit pooM « Teppuropus Oyaymero>, —2011. -
400 c.

4. Asnun E. C. Aunamuka nusuausanuit / E. C. Asnun. — Cnb6.: MspareascrBo «Hecrop-Hcropus>, —
2007.- 556 c.
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OCOBEHHOCTUN CTPOEHUA, KPOBEHOCHOE
PYCJ10 U COCYANUCTO-KJIETOYHbI KOMIMJIEKC
AJNTMHHBIX KOCTEN 3EMHOBOAHbIX

AHHOTEII.II/ISI: B craTpe PacCMaTpHUBAOTCA BOIIPOCHI, CBA3aHHbIE C 0COOEHHOCTAMU CTpOEHU KO-

CTef;I, KPOBEHOCHOTI'O PYCAd B COCYANCTO-KAETOYHOTO KOMIIAEKCA KOCTeM CKeAeTa aM(l)I/I6PI171

KaroueBbie cAoBa: an)I/I6I/II/I, KOCTH, KPOBEHOCHO€ PYCAO, COCYAHCTO-KAGTO‘IHBI?I KOMIIAEKC.

B nporjecce 9BOAIOIMH BO3SHUKHOBEHUE BHY TPEH-
Hero KOCTHOTO CKEAeTa Y MO3BOHOYHBIX )KUBOTHbIX
BBI3BAAO HEOOXOAUMOCTD POPMHUPOBAHHIS PYHKIINO-
HAABHO aA€KBATHOT'O KPOBEHOCHOT'O PYCAA H COCYAHU-
CTO-KAETOYHOT'O KOMITAEKCA, C HUM CBSI3AHHOTO, AASI
obecredeHNs CAOXKHBIX IIPOLIECCOB OCTEOPE30POIUH
H OCTEOPEMOAYASILIHH.

Pa3AuyHbIE THUIIBI AOKOMOITHIT 06eCIIeYnBAIOTCS
0COOEHHOCTSIMU CTPOEHMsI KOCTH U eé KpoBeobe-
crnieyeHHs. BaxkHpIM B pyHKIIMOHMPOBAHUU COCYAU-
CTO-KAETOYHOT'O KOMITAEKCA SIBASIETCSI €TO YYaCTHe
B IIpoljeccax ocreoreHesa. FiMenHo Backyasipusa-
IsI XPSIIIEBOTO CKeAeTa CIIOCOOCTByeT 3aMelne-

HUIO XPSIeBOM TKAHU Ha KOCTHYIO TKaHb. Ocobas
POAb B QYHKIIMOHMPOBAHUU KOCTU MIPUHAAACKUT
9HAOTEAMOLIMTAM U IePUBACKYASPHBIM KAETKaM.
B mocaepnune ropbl y4éHble CA€AAAHM PSA OTKPBHI-
THH, KACAIOMMXCSA OCOOEHHOCTEN 3THUX KAETOK.
B puarorenese sHAOTeAUIT IPHOOpeTAET IPU3HAKU
MOAUMOP(HOIO TKAHEBOTO THIIA, 00AAAAIOLIErO
opraHocrnenuPUIeCKON CTPYKTYpPOi. DHAOTEAUN
BBIPabaThIBaeT IIUPOKHI CIIEKTP OMOAOTHYECKHU
AKTUBHBIX BellleCTB, KOTOpbIe 00eCIeYnBaIOT TPO-
¢uky oprana. OH BBIIIOAHSIOT 3AIMUTHYIO QPYHK-
IIUI0, a TAK)Ke IPUHUMAET yYyacTHe B aHTUOTeHe3e

[2;13;15; 16; 19].
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MHUKpPOLIPKYASITOPHOE PYCAO B KOCTHOM TKaHH
3aBUCHUT OT HepBHO-TepuiuTapHoro sansiaus. Co-
BMECTHOE B3aHMOAEHCTBHE HeHpOHA, IePUIIUTa
U 9HAOTEANOIUTA ObecrednBaeT HOPMaAbHOE KPO-
BOCHa0XeHHUe B OpraHe [6;7;9]. ITepuBackyasipHble
KAETKU COCYAOB KOCTHOJ TKaHHU IIPEACTABAEHBI Te-
TepPOTreHHOM MOIyAsinueil KAeToK. OHU IPOSIBASIIOT
CBOJICTBA Me3eHXHMHbIX MaAOAHPepeHIpOBaH-
HBIX KAETOK U IIPUHUMAIOT YYacTHe B OCTeOreHese
u aHTHOTreHe3e [4; 8; 14].

MccaepoBaHuS psiAd aBTOPOB IIOKA3BIBAIOT, YTO
IpY U3MEHEeHUH HATPY3KU Ha CKEeAeT, IPOUCXOAST
U3MEeHEHUsI B KPOBOCHAOXKEHUH, a TAKKe CTPYKTY-
pe 1 QpYHKIIHIX COCYAUCTO-KAETOYHOTO KOMITAEKCa
[1; §]. Yro kacaercs npucnoco6aeHus: KpOBOCHAG-
KEHUSI U CTPYKTYP COCYAUCTO-KAETOYHOTO KOMITAEK-
Ca AAMHHBIX KOCTel KOHEYHOCTEN Y II03BOHOYHbIX
B 3aBHCHMOCTH OT THIIa AOKOMOILIHIL, B YaCTHOCTH,
aMQuOuUil, TO 3TOT BOIPOC HA CETOAHS HEAOCTATOY-
HO U3y4eH 1 HeOOXOAUMO A€TaABHOE HUCCAEAOBAHHUE.

O630p Hay4YHOI AUTEPATYPHI IIO ITOMY BOIIPO-
Cy IOKa3aA cAepyromee. I'crosornueckue uccae-
posauus Tanaka Y. cocyarcTOl apXUTeKTOHHUKY Oe-
APEHHOI KOCTHU Y IIPEACTABUTEACH Pa3HBIX OTPSIAOB
kaacca Amphibia mokasaau, 4To KpoBeTBOpeHHUE OT-
CYTCTBYeT B 6eApPEHHOI KOCTH XBOCTATHIX aMPHOMI],
B yactHOoCTH y Triturus pyrrhogaster. ITosiBasteTcst
BIIepBbIe B O€APEHHBIX KOCTSIX IIPUMHUTUBHBIX Oec-
xBocTbix ampubuit (Xenopus laevis), xapakrepusy-
€TCSl OYEHb IPOCTON COCYAUCTOM apXUTEKTOHHUKOM
¥ OTCYTCTBHEM LieHTPaAbHOM BeHbI [ 18].

CoraacHO MOP$OAOTHIECKHIM, THCTOXUMUIECKUM
U YABTPACTPYKTYPHBIM HCCAEAOBAHUSIM AAMHHBIX KO-
creit Rana Esculenta, MeTa¢u3apHblit Xpsiii He IMeeT
MUHEpPAAU3AIMU U He YMEeHBIIAeTCsI B IpolLjecce CTa-
peHusL. ABTOpPBI BBIABUHYAU THIIOTE3Y: POCT KOCTeM
y ASITYILEK He CBSI3aH C MeTadH3apHbIM 0OMEHOM Be-
IIECTB, B OTAMMKE OT IITUIL] ¥ MAeKoThTatomux [ 11].

Rozenblut B. Ta Ogielska M. usyuaau sudpdepen-
IIMALINIO U Pa3BUTHE AAMHHBIX KOCTell y Ranalessonae
u Rana ridibunda oT AnanHOK AO B3pOCABIX KHBOT-
HbIX. OOHapy>KeHO, YTO HAAKOCTHHUIIA OTBeYaeT

3a IIPOAOABHBIN U PAAMAABHBIN pocT KocTeil. Toabko
IIeHTPAABbHYIO YaCTh AUadH3a MOXKHO HCTIOAb30BATh
AASI OLIeHKH Bo3pacTa. MeTadusapHbIi Xpsi] UMeeT
pasHble 30HbL. Ero poAb B IpoAOABHOM pOCTe aBTO-
PBI CTaBAT MOA coMHeHue. OTAMYNSA B CUMMeTPUH
OOKOBBIX Xpsilllell CyCTaBOB AUCTAABHOTO I U3
AAMHHBIX KOCTeH IIepeAHUX U 3aAHUX KOHEYHOCTel,
BO3MOXXHO, OTOOpaXKaeT aAANTALUIO K Pa3AUYHBIM
AOKOMOIIUSIM 3THMHU KOHeyHOCTsIMH [ 17].

B onrorenese amQuébuii B PyHKIIMOHAABHBIX
30HaX SMUQU3APHBIX Xpslell MEeXaHU3M pPeryAu-
POBaHUS TPOAOABHOTO POCTA KOCTEH 3aKAI0YAeTCs
B OpPMUPOBAHUH Pa3AWYHBIX IIO pa3MepaM U KOH-
LIeHTPaLJi XOHAPOLUTOB [ 3 ].

Y MOAOADBIX AT'YIIIEK TOBEPXHOCTD SMUPU3aPHBIX
Xpsilei rAaAKast M IpsIMas, a CeTh KaIIMAASIPHBIX COCY-
AOB PaCIIOAOKEHa [TAPAAAEABHO K BhIPOXXACHHOM 30He
XOHAPOITUTOB. Y CTapbIX AST'YITHK MOHOHYKA€ApHbIe
KAETKH BTOPTAIOTCS B 9TOT XPSIII} U, TAKUM 00pasoM,
CO3AQIOT 9PO3MBHBIE 30HBL. OJTO COIPOBOXKAAETCS
Pa3BUTHEM OTKPHITOTO 9HAOTEAHS KAITUAASPOB U IIO-
SIBAGHHEM ITy3bIPbKOB B MaTpPHI]e BBIPO>KAEHHOM 30HbI
XOHAPOLIUTOB AO KaAbLIUPHKAIIMH MaTPUKCa [12].

De Buffrénil V. ¢ coaBr. u3y4aau BacKkyAsIpH3aiiio
KOCTel B CBsI3U C puaoreHe30M. bpiao mokasaHo, uTo
pacmpeAeAeHHe COCYAOB M aBACKYASIPHOM KOCTHOM
TKaHU He TOYHO OTOOpaXkaeT pUAOTeHeTUIeCKHe OT-
HOLIEHHSI MexAY Biaamu. OOHapyKeHO, 9TO BO3HHK-
HOBEHUE U IIAOTHOCTb KOCTHBIX COCYAUCTBIX KaHa-
AOB B OCHOBHOM 3aBHCSAT OT KOHKPETHbIX pa3MepoB,
a He OT pHAOTeHeTHYeCKNX OTHOIIeHUIt. CocyaucTas
IIAOTHOCTb OTOOpaXKaeT abCOAIOTHBIE TEMIIbI POCTA
KOCTHOM KOpbl. OpHeHTAIUs COCYAUCTBIX KAHAAOB —
nepeMeHHas QYHKIHS, He3aBUCUMas OT GHAOTeHHH
¥AM Temmos pocra [10].

Hamu 6b1An mpoBeaeHbI MCCAGAOBAHUS (B Aa-
bopaTopuu OTA€AA ITUTOAOTHH U rucToreHesa VH-
cruryTa 300aoruu uM. M. M. IlIlmaarraysensa HAH
YKpaI/IHbI) AAVHHBIX TPYOYaThIX KOCTe IepeAHIX
U 3aAHUX KOHEYHOCTeH y IIPeACTaBHTEAeH BHAQ
Rana Esculenta complex kaacca Amphibia. 113 6uo-
00pasLoB KOCTeHl HCCAEAYEMBIX XXUBOTHBIX OBIAU
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M3rOTOBAEHBI TUCTOIpeNaparhl, KOTOpPbIe OKpallkBa-
AM TeMATOKCUAMH-303MHOM U 110 MeToAy Maaaopu.
CoraacHO AMTepaTypHBIM AQHHBIM U COOCTBEH-
HBIM THCTOAOTHYECKUM HCCAEAOBAHMSM, OOHapy-
xeHo, 4ro y am¢ubmit Rana Esculenta complex
KOCTHU IEePEAHUX U 3aAHHUX KOHEYHOCTEH COCTOAT
U3 ABYXCAOWHOI I'py6OBOAOKHHCTO TKAHH, He IO-
3BoAsIOIfelt aMUOMIM BBIACPIKHBATH OOABLIYIO
MeXaHHYeCKYI0 HarpysKy. OTHM MOXKHO OOBSICHHTb
MAAOIIOABIDKHBINL 00pa3 >XM3HU M 3aBHCHMOCTD
OT BOAHOI CpeAbl, 4TO 06AerdaeT AOKOMOLIHIO. B oH-
TOreHe3e aMQpUOMIl, MOAAEKAIMUX MeTaMOp¢o3y,
IIPOMCXOAMT IIOCTEIIEHHBIM IIEPEX0A C BOAHOM CPEADI
K HAa3€MHOM, HO CBSAI3aHHOM C BOAHOM CPEAOH.
ITaedyeBas, AOKTeBasl, AydeBas, OeApeHHas
U cpocurecs: 6eprjoBble KOCTU — 9TO AAMHHbIE
Tpy64aThie KOCTH C IOAOCTSIMU BHYTPU. B AAMHHBIX
KOCTSIX ry6O4aTasi TKAaHb OTCYTCTBYeT. BHelIH s Hap-

KOCTHHIIA XOPOIIO BaCKyASpU30BaHa MEAKHMHU CO-
cyaamMu. MeTasnuusapHbIH XpsIl XapaKTepUsyeTcs
OTCYTCTBHEM COCYAMCTOM MHBa3HH. B xoMmakTHOM
9acTH AMadu3a BCeX AAMHHBIX KOCTEH BOAOKHA
He YIIOPSAOYEHbI B TAACTHHBI, [I03TOMY OCTE€OHBI OT-
4eTAMBO He cpopMHUpOBaHbl. B cBs3u ¢ aTHM OUeHb
cA200 ouepueHBI raBepCOBBI U GOAPKMAHOBDI KaHa-
ABL B MecTax pe3op61iu KOCTHOM TKaHU OOHApyKe-
HBI TOHKHE KPOBEHOCHBIE COCYABI B BUAE CETYATOTO
CKOTIACHHS.

AaabHelliee u3ydyeHre 0COOEHHOCTEN KPOBe-
HOCHOTI'O PYCAQ M CTPYKTYPBI COCYAMCTO-KAETOYHO-
IO KOMITA€KCA IT03BOHOYHbIX )KUBOTHbIX C Pa3HBIMU
TUIIAMH AOKOMOIIMM B CPaBHUTEABHOM IJUTO-TH-
CTOAOTHYECKOM ACIEeKTe CMOXKET PACIIUPUTD MPeA-
CTaBAeHHs 00 UX POAH B IIPOLjeCCaX OPraHOreHe3a,
aAaNTaluy ¥ yTOYHUTH HEKOTOPbIe BOMPOCH GUAO-
reHeTHYECKOTO MAAHA.
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THEORIES OF PROBABILITIES: CONTRADICTION
BETWEEN CONCEPTS AND EXPERIMENTS,
CONSISTENT INITIAL SYSTEM CREATING

Abstract: This paper presents a critical analysis of the theory concepts being used for three cen-
turies that are firmly established, found in numerous references and taken for granted. It was shown
that some of them are not fully in line with the experiments, and the others do not follow from these
experiments.

The first ones were updated and the second ones were renewed. It was shown that these changes
defined new initial system of concepts fully consistent with the experiments that determined the
expansion and strict formulation of mathematical models, qualitative clarification and good un-
derstanding of events theory. It allows us to found an objective unified approach to the events and
random variables; to ensure close mathematical transfer from finite aggregate of simple events to
the infinite aggregate; to develop the theory of probabilities based on the classical procedure of prob-

ability calculation.

Keywords: test, experiment, event, simple event, probability.

Names of the mathematical model objects and
the constitutive relations they are subject to are pre-
sented in the initial system.

Adequacy of the mathematical model with regard
to the described event of the real world depends on
how accurately the initial system reflects basic regulari-
ties of the given event. Let us also review against this
background the initial system of the probability theory.

Formulation of the mathematical model starts
with the event idealization. Within the framework
of the probability theory, it is determined by the fol-
lowing hypothesis:

A. There are some sets of conditions admitting
an infinite number of repetitions.

It is presented in the papers [1, 12; 3, 2; 4, 21; S,
11; 6, 777] in variations. It is correct but not exactly
explicit as can be seen from the example: the set of
conditions is that one coin is tossed two times [1, 12].
It is related to the problem setting.

The set is sometimes called test, experiment or ob-
servation, at the choice of an author. These concepts
will be further assigned with a specific meaning.

The test means the ideal model of random event.
In parallel with it, we use the concepts of simple test
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(or the test for short) and complex test. The defini-
tions of these concepts are given below.

The experiment means actual performance of ran-
dom event under the given conditions.

In the experiments with a coin, the fulfilment of
the following conditions is assumed:

Example 1. A coin is a thin regular-shaped disk
with uniform density and with coat of arms on one side
and number on other side. It is thrown to the sufficient
height with subsequent falling on rigid smooth plane.

The papers [2, 16-21; 3, 1-4; 4,21; 5, 11-15; 7,
9-14] referred in a varying degree to the conditions
but without any conclusions.

And if we change the conditions?

Example 2. A coin is a thick disk or/and with coat
of arms on both sides; it falls on smooth plane made
from soft clay.

It seems clear that the changes will deliver other
results. Based on the analysis, let us first specify the
hypothesis (A):

I. If the test is repeated, its basic conditions
should not be changed.

Exactly this form of the hypothesis ensures invari-
ability for probability of any event of fest at any num-
ber of repetitions. In the experiment, it is implement-
ed just roughly. Dices, lottery, cards, domino and the
like are the closest gambling games to the test.

Secondly, let us divide the test (experiment) condi-
tions into internal (shape of dice, position of its gravity
centre; number of balls in the urn, etc.) and external
(state of surface, onto which a coin falls, how is it
tossed, etc.). In changing conditions, the events prob-
abilities may change or not change. Division of condi-
tions and the result dependence on the change in these
conditions are obvious and they have been used for
along time in other areas of knowledge.

The mathematical model, which describes the
event, allows us to predict the experiment result based
on the found regularities being common to this event.
But within the framework of the probability theory,
there is nothing following from this. As a reminder in
this regard, let us introduce the following hypothesis:

IL. Probability of the events is calculated pro-
vided that the test is carried out conceptually (vir-
tually, but not in reality) and only once.

There is a consequence that derives from the hy-
pothesis:

If the change in conditions causes the change
of events probability, so it is another test, if the
test is repeated, it is also another test.

Example 3. The removed ball is not returned into
the urn: it changes the number of balls, i. e. internal con-
dition of the test, and the probability of all events during
the second removal of ball. Thus, the removal of the sec-
ond ball from the urn is another test, events probability
of which depends on possible outcome of the first test.

The consequence is not considered in the theory,
butitis important for its construction. So, it was nec-
essary to indicate the seemingly obvious facts.

Further, we will use the tests, events prob-
ability of which is calculated according to classi-
cal formula. At bottom, these are ideal models of
gambling games.

Let us consider the consistency between event
definition and experiments.

B. An event means every fact that can occur or
not occur in the experiment 5,23 ].

C. Possible mutually exclusive outcomes of the
experiment are called elementary events [6, 777 ].

At bottom, a new concept has been introduced.
In the paper [1, 10] it was stated for the first time:
“Let us assume that Q) is a set of elements w that will
be referred to as elementary events...” The latter is
often accepted as “exact” but there are commentaries
of the following form: “... In view of wide variety of
random phenomena, one cannot give more precise
definition of elementary events. To describe every
real task, a set is selected in the most suitable man-
ner.” [7,14] “Precision” is in these sentences. Defini-
tion (C) may be an attempt to specify the concept.

Random removal of one ball from the urn with balls’
numbers:

Example 4. 4 balls: white ball, blue ball, red ball,
black ball.
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Example S. 400 balls: 30 white balls, 90 blue balls,
120 red balls, 160 black balls.

Outcome (result) of the experiment for each urn:
appearance of only one ball of the given colour. Ap-
pearance of one ball in this experiment excludes the
appearance of any other ball. We distinguish the
events according to the ball colour, i. e. ball colour is
an evidence of event occurrence. In the experiments,
we will observe just 4 events from each urn.

However, in Example §, it is impossible to deter-
mine which ball from m = 30, 90, 120, 160 balls of
the given colour appeared in the experiment. In other
words, the event in this experiment is defined by m_
number of balls of the given colour, but not by one ball
observed in the experiment. This distinguishes it from
Example 4 in terms of quality.

Definition (B) seems to conform to the experi-
ment. However, it is related to the event in general:
events sum and product are events, too, i.e. at large
and vaguely.

Secondly, in Example 5, for calculation of prob-
abilities according to classical formula, the events are
divided into special cases [3, 6], i.e. the balls of the
given colour are conceptually enumerated. We have
400 special cases. However, in order to distinguish
them in the experiments, the balls should be enu-
merated in reality and it will be another kind of test,
which is not present in the probability theory.

It follows from definition (C) that there are 4 el-
ementary events in Example 4 and 400 elementary
events in Example S.

Example 6. Simultaneous random removal of balls,
one at a time, from two urns with balls’ numbers:

1. 400 balls: 30 white balls, 90 blue balls, 120 red
balls, 160 black balls.

2.400 balls: 20 balls with No. 1, 60 balls with No.
2, 140 balls with No. 3, 180 balls with No. 4.

The Example differs from Examples 4-S5 in terms
of quality. Outcome of the experiment is appearance
of two balls with one certain colour and number. We
have two events, where occurrence of one event of
the 1st urn does not exclude the occurrence of any

event of the 2" urn. In the experiments, we will ob-
serve only 8 events. They will occur in various combi-
nations but it will not affect their number.

In definition (B), each combination is considered
to be one event, i. e. we have 16 events. Such under-
standing seems to be based on a task from which the
theory has been developed, i. e. determining a num-
ber of appearances of the given sum on 2 or 3 dices
[2, 386]. Formulation of task defined its solution.
To calculate the probability according to classical
formula, it is necessary to determine conceptually
160000 special cases.

The experiment turns out to have two possible
outcomes that are not mutually exclusive. However,
in definition (C), they are also treated as one elemen-
tary event. We have 160000 elementary events.

In Example 6, it is impossible to achieve consisten-
cy between mathematical concepts and experiments
by means of applying additional marks on the balls.

It follows from the analysis that:

W. 1. Both definitions contradict the experi-
ments. They do not consider the consequence of the
hypotheses (1), (II) and qualitative change of tests.

To remove these shortcomings, let us introduce
the following intermediate concepts:

1. Let us refer to the evidence of event occurrence
as a mark, for short.

2. Let us refer to the number m, (j=1,2,.,n)
of possible undistinguished outcomes, i. e. with similar
mark, as a number of possible outcomes of the event.

3. Let us refer to the number 7 as a number of

possible events, and the number M=) m ; asanum-
=1
ber of possible outcomes of the test.

The introduced concepts bring the mathematical
concepts in line with the experiments. Let us refer to
their aggregate as a mathematical model of the test. It
follows from this that:

W. 2. Possible outcomes of the test are mutually
exclusive and equally probable and possible events
are not equally probable. Possible outcomes of the
event are undistinguished.
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Mathematical model of the test allows us to define
the elementary event, i.e. the first key concept of the
theory.

Definition 1. Aggregate of possible mutually un-
distinguished outcomes of the test will be referred to
as elementary event.

Elementary events will be denoted by lower case
letters, i.e. a;, b;, wherej=1,2,..,nisanumber of
the event. At bottom, designation with number is
another mark of the elementary event.

The definition assigns new and specific meaning
to the concept. It outlines the simplest events of the
test, i. e. indivisible objects of the theory.

W. 3. Only elementary events occur in the experi-
ments: it is they, which are the basis for construction
of complex events.

It follows from definition (1) and the above anal-
ysis that the result of the experiment with urns from
Example 6 is occurrence of two elementary events.

Definition 2. A test with occurrence of one el-
ementary event will be referred to as simple fest or
test, for short, and a test with occurrence of two and
more elementary events will be referred to as com-
plex test.

We have two classes of tests. Let us divide the
test into 2 kinds:

Definition 3. A test where each elementary event
has one mark will be referred to as one-dimensional
test. A test where each elementary event has two (and
more) marks will be referred to as two-dimensional
(multi-dimensional) test.

A test with one mark of elementary events (throw
of dice, etc.) can be presented in the form of one-
dimensional table, i. e. geometrically in the form of
points located on one line. A test with two and more
marks of elementary events (random taking out of
domino tile from the set, etc.) can be presented in
the form of two-dimensional table, i. e. geometrical-
ly in the form of point located on the surface. Thus,
the names of tests are based on this.

Definition 4. Let us refer to all possible elementary
events of the fest as its set of elementary events: a,

(j=1,2,...,n) - with one mark, %« (j=1,2,...,Nj;
k=1,2,.., M, ) — with two marks and so on.

It follows from the mathematical model of the test,
elementary event, test and the conclusion (W. 2) that:

W. 4. Occurrence of elementary event with the
given mark excludes occurrence of any other elemen-
tary event of the test.

W. S. Occurrence of one event from a set of el-
ementary events of the test is inevitable, i.e. it is a
persistent event. The designation is letter U.

W. 6. Equal probability of the test outcomes al-
lows us to calculate the mathematical probabilities
of its elementary events according to classical for-
mula Pla;)=m; /M.

W.7. Probability of elementary event is a function
that exactly maps unreal value — elementary event —
on limited set R (0 < r < 1) of rational numbers.

Mathematical probability of elementary event is
the second key concept of the theory. This is a basis
for calculation of any complex events.

Each test has its set of elementary events a; (j=1,
2,..,n)and a; (k=1,2,.., n’): the subscript is
the event number in the test and the superscript is
the test number.

It follows from definition (2) that two and more
elementary events can occur in case of two and more
tests. There are two ways of tests conduction pos-
sible in complex test:

I. Random conduction of one test. Random
throwing of one dice of two and more dices.

II. Conduction of two tests. Simultaneous throw-
ing of two and more dices.

The first way corresponds to the hypothesis “ei-
ther ..., or ...” and the second way conforms to the
hypothesis “..., ... and ...” Consequently:

W. 8. Logical guesses that define the events algebra
are applicable to a set of elementary events of two and
more tests. In the tests algebra, the hypothesis “either
..eyor ...” excludes the hypothesis “..., ... and ...”.

In contrast to the events algebra, in the tests
algebra we will use terms “union” and “conjunction”
(Cartesian product) and designations “U” and “x”.
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Definition S. A complex test combining two sets of
elementary events will be referred to as tests union. A
complex test combining two sets of elementary events
will be referred to as tests conjunction.

“Conjoint” means concurrent with something. It
correctly reflects the hypothesis “..., ... and ...” How-
ever, its exact name is the Cartesian product and it
gives good understanding of properties of this com-
plex test.

We have two kinds of complex test. The result of
union of two one-dimensional tests is a one-dimensional
table consisting of elementary events of the tests, i. e.
a one-dimensional united test. The result of their con-
junction, taking into account that it is Cartesian prod-
uct, is a two-dimensional table consisting of products
of their elementary events that are complex events.

It follows from definitions 2 and S:

1. In conjunction of tests, their simultaneous con-
duction is not necessary at all: it is possible to throw
one dice, then — the second and so on, or to throw
one dice several times. The main thing is that we con-
sider the aggregate of the tests events, i. e. “the first,
the second and so on”

2. In case of union of two tests, we observe one el-
ementary event of one of two tests. Such complex test
can be obtained through other method, for example,
when mixing balls from two urns in one urn.

Definition 6. Union of tests obtained through ran-
dom conduction of one of two and more tests will be
referred to as the first type of union and that one ob-
tained though “mixing” of two and more sets of elemen-
tary events will be referred to as the second type of union.

A set of elementary events a; (j=1,2,..,n) of
the test forms complex events (or events for short) A,
B, ... Events A, B, ... form more complex “struc-
tures”. The events are formed according to two rules:

D. Sum of events A and B is event V consist-
ing in occurrence of “either event A, or event B” or
both events, i.e. at least one of them. It is written
asV=A+B.

E. Product of events A and B is event C consist-
ing in occurrence of “event A and event B, i.e. in

simultaneous occurrence of both events. It is written
asC=A.-Bor C=AB.

It follows from definitions of elementary event,
test, sum of events and the conclusion (W. 3) that:

W. 9. For elementary events of the test, the rule
of events sum is the only one.

The clarification of events compatibility concept
follows from the conclusion.

Definition 7. If events A and B of the fest com-
prise at least one same elementary event, then the
events will be referred to as compatible, otherwise
they will be called incompatible.

“Compatible” means a part of something and it
correctly reflects the essence of this concept in con-
trast to the term “conjoint” (reference 4) used in
modern papers.

Let us consider the application of operations to
the events of one-dimensional test.

Example 7. Random removal of one ball from the
urn containing balls:

80 balls: 1 ball with No. 1, 3 balls with No. 2,
6 balls with No. 2, 10 balls with No. 4, 12 balls
with No. §, 14 balls with No. 6, 15 balls with No.
7, 19 balls with No. 8.

Let us determine the events: A={a,+a,+a, +a,}
and B=[a, +a,+a,+a, +a,].

Events A and B are compatible. Their product
C=ABis equal to the sum of elementary events a, +a,
and sum V=A+B={a +a,+[a,+a,}+a,+a,+a,] .
Probabilities of events A, B, C and V are equal to the
sum of probabilities of elementary events of which
they are composed. And the sum of probabilities of
events A and B will two times include the probability
of their product. By subtracting it from the
probabilities sum, we obtain:

P(V)=P(A) + P B)-P(AB). If events A and B
are incompatible, then the product is an impossible:

C=AB=J and P(C) =0.

Evidence of event A or B occurrence is occurrence
of mark of one of elementary events to be the part of
event A or B. Evidence of C or V event is occurrence
of mark of one of elementary events which together
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belong to A and B events. Some papers [6,777; 7, 18]
deal with this, but implicitly and without any conclu-
sions.

It follows from the analysis that:

W. 10. Complex events of the test are vertical
mathematical constructions; they do not have
their mark and do not occur in the experiment,
neither separately, nor together.

Thus, occurrence of complex events is just a hy-
pothesis necessary to define the operations.

W. 11. Any complex event of the test is composed
of its elementary events. Probabilities of complex
events are clearly defined by the probabilities of el-
ementary events.

W. 12. Probabilities of events A and B of the test
do not depend on their compatibility. Compatibil-
ity is defined by their product and simultaneous vir-
tual occurrence of events A, B and C = AB.

W. 13. Probability of events product P(AB)
is equal to the sum of probabilities of elementary
events belonging to both events and it does not in-
clude the probabilities product.

W. 14. P(AB) product probability is included
two times in the sum of compatible events probability
P(A) + P(B). Itis accounted by subtracting of P(AB)
probability from the sum of their probabilities.

W. 185. For correct construction of the test probabil-
ity models, the concept of events compatibility is suf-
ficient. Introduction of other concepts is not required.

Itis clear from conclusions W. 13-W. 14 that a key
point of theorems on probability of the test events
product and sum differs from the regular understand-
ing.

Let us discuss the last new concept.

Definition 8. If each of two tests includes at least
one elementary event with the same mark, then the
tests will be referred to as intersecting, otherwise they
will be referred to as non-intersecting.

Example 9. Two urns with balls’ numbers:

1: 50 balls — 1 ball with No. 1, 3 balls with No. 2,
8 balls with No. 3, 10 balls with No. 4, 12 balls with
No. §, 16 balls with No. 6.

2: 100 balls - § balls with No. 4, 9 balls with No.
S, 14 balls with No. 6, 17 balls with No. 7, 25 balls
with No. 8, 30 balls with No. 9.

Example 10. Two exactly the same dices.

In the experiment, elementary events with the same
mark are undistinguished and perceived as outcome of
one elementary event. When uniting the tests given in
Example 9 (or 10), in the experiments we will observe
9 (or6) elementary events, but not 12; when conjoin-
ing tests, we will obtain 33 (or 21) different products,
but not 36, defined through the Cartesian product.

Difference between the concepts of complex
events compatibility and tests intersection.

Compatibility of events A and B means that both
events include at least one elementary event of one test.

Intersection of tests is defined by at least two el-
ementary events with the same mark belonging to
different tests.

Relationship A B between the events, concepts
of events compatibility and opposite event are appli-
cable to the test events.

They are applicable to events A' and A” of two
tests when event A of complex test is formed from the
aggregate of elementary events of two tests, for ex-
ample, A'cA, A’cCA. In particular, when conjoin-
ing tests, the products are complex pairwise incompat-
ible events. This defines that tests intersection does not
affect products number and there is only decrease in
their number observed in the experiments.

When uniting the tests, the intersection decreases the
number of elementary events not only those observed in
the experiments, but also those in the united test.

We did not use concepts of events field and exhaus-
tive events, independence and conditional probability of
events. It is unnecessary in construction of complex
events and probability models of all types of test.

Let us sum it up.

A new initial system of the probability system has
been developed, which is completely consistent with
the experiments. It comprises:

1. Basic concepts: — clarified concept of test
and concept of mathematical model of the test.

28



THEORIES OF PROBABILITIES: CONTRADICTION BETWEEN CONCEPTS AND EXPERIMENTS, CONSISTENT INITIAL SYSTEM CREATING

2. Key concepts: — elementary event and its
mathematical probability, set of elementary events
of the test.

3. Events algebra supplemented by tests algebra
and the clarified concept of events compatibility
supplemented by the concept of tests intersection.

This article referred to the studies related to the
development of new initial system. The main part of
the author’s studies is devoted to the creation of the
probability theory (at bottom new) based on new ini-
tial system. Let us introduce some key results.

New initial system defined the following:

L. Strict formulation and expansion of math-
ematical models, good understanding and quali-
tative clarification of events theory.

Itis the qualitative clarification of events theory that
assumed strict definition of the following concepts:

II. Discrete random variable is an unreal func-
tion of elementary events and two real functions
of real variable characterizing its distribution.

Accuracy of concepts predetermined the following:

III. Strict non-formal construction of math-
ematical models of the random variables theory
based on the mathematical models of events theory.

IV. Classes and types of random variables:
one-dimensional and multi-dimensional values;
random variables systems formed by their union
and conjunction.

New initial system defined the following:

V. Real single approach to the events and ran-
dom variables; creation of the probability theory
based on the classical approach to the calculation
of events probabilities.

Determination of random variable based on the
theory of sets [ 1, 30-31] gives form to the concept,
but does not provide genuine link since it is declared
but not defined. At bottom, it is formally brought
under its existing understanding as a real function
that has been initially made up in papers of Galileo
and Huygens.

VI. A fundamentally new, correct understand-
ing of most conditions of the random variables

theory: their sum and product; statistical laws con-
version; numerical characteristics of distributions
and their properties; concept of random vari-
ables independence, etc.

VIL. Strict limiting transit from finite set of el-
ementary events to the infinite (non-enumerable)
setin the bounded area and any part thereof. Each
elementary event has zero probability and one pos-
sible outcome, to which one point in the area cor-
responds.

Limiting transit unites or conjoins N tests at unlim-
ited increase of N.

Based on the researches performed, it was
shown that:

VIII. To develop the probability theory, the ini-
tial system and axioms are sufficient:

1. Existence of mathematical probability
P(a, = p, of elementary event a, (k=1,2,..,n) asa
real number 0 < p, <1.

2. Probabilities normalizing Zj P, =1.

A.M. Kolmogorov [1, 11] first introduced the
axioms based on the observed similarity of key prop-
erties of classical and statistical definitions of probabil-
ity [2, 48]. This outstanding idea was used in axioms

formulation taking into account that the key concepts
of the theory are elementary event and its probability.

IX. Axioms define the creation of imitative
tests, elementary events probabilities of which
are real numbers that ensures continuity of
distribution at limiting transit.

X. The end result of the limiting transit is a uni-
form distribution of probabilities of the bounded
area, i. e. infinite set of equally possible test out-
comes. Definition of geometric probability con-
cept is not required.

XI. Uniform distribution defines the formula-
tion of random (non-uniform) predicted distribu-
tion, i. e. transit from equally possible outcomes to
not equally possible outcomes of the test.

Full version of the studies and justification of the
declared and other results are set out in the author’s
book “Probability theory and reliability theory: the
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results of key concepts clarification”. It is published
online (Vostok-Zapad Publishing House, Vienna,
Austria) on websites books.google.ca and play.
google.com.

The paper deals with the basic concepts of mathe-
matical theory of reliability that differs significantly

from the theory accepted now. The developed the-
ory defines the general approach to the reliability
of engineering systems. It fundamentally expands
opportunities of the theory and allows significant in-
creasing precision and accuracy of reliability evalu-
ations.
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Abstract: The perturbed problems of optimal control in the class of impulse control functions
are investigated. Asymptotic approximations to solutions of the problems are constructed. The
construction algorithm is based on a small correction of the optimal controls of some unperturbed

basic problems.
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Introduction. Many problems of flight dy-
namics [1, 3-11], [2, 5611, [3, 67], [4, 843-850],
[S, 720-730], [6, 93-95], electrical engineering
[7, 377-384], management of economic systems
[8,97-107] lead to differential difference equations
containing small parameters. Corresponding small
parameters are generated by small inductances, mo-
ments of inertia, small masses, low thrust of the en-
gine, in discrete problems by a small step.

1. Problem. The problem of maximizing the
functional

J,(v)=cz(z.)+d y(r.), (1)

on trajectories of a singularly perturbed system

,u%:Az+By+av, z(O)zzo, (2)
T

;l_y =Cz+Dy+bv, y(0)=y,,7 €[0,7.],
T

in the class of impulse control functions
v()ev(), (3)

with terminal restrictions
Gz(r.)+Hy(r.)=g. (4)

Here, z—n, —vector, y—n, —vector, v — scalar
control, g —m —vector, A,B,C,D,G,H,a,b,c,d,z,,y,

— constant matrices and vectors of appropriate di-
mensions, o —small positive parameter, V() — set
of impulse functions. It is assumed that the matrix
A —sustainable, i. e. the real parts of its eigenvalues
are negative. It is also required that

rank[GH|=m, m <n,.

Here we propose an algorithm for construct-
ing approximate solutions of a singularly perturbed
problem (1) — (4), based on the asymptotic pertur-
bation method [10, 144] and the boundary-function
method [9, 287].

Using the Cauchy formula, problem (1) - (4)

can be written in a discrete form

x(t+1) = R(,u)x(t)+r(/,t)u(t), x(O) =X,

d.(t)<u(t)<d (t),teT, Hx(t))=g, (5)
]y(u)zfvx(tl)—)m;ix,
where
. z(th) zZ, 6
()= [y(th)} LJ { } =lo HI
u(t)=v(r), r elth,(t+1)h), t e T ={0,1,...,t, — 1},

R()= £, (0), r()= £, (Vdsa(u). a(u)=| u |
b
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and the function F, (s), s<h, is a solution of the
matrix differential equation

d
EFH =—F,A(u), E,(h)=E,,,, (7)
with matrix
A B
Alp)=|u u (8)
C D

2. Auxiliary asymptotic expansions. In what
follows we shall use the following notion of the as-

ymptotic series for functions. Series ;ﬂ Ji is called
an asymptotic series or an asymptotic expansion for
the function f(o9, if for any numberk =0,1,....k -
number the partial sum of the series is the asymp-
totic expansion up to k — number member for this
function. This fact is denoted by:

:zuifi.
i=0

We consider a singularly perturbed problem of
linear differential equations (7). Its solution has a

block structure
o F®
Fy(s)z " (s) L (s) ,s<h, (9)
FO(s) E(s)
because of the special block structure of the matrix
(8). Matrix functions Flf’)(s),i =1,4, have dimen-
sions 1, X n,,n, X 1,1, X 1,1, X 1, respectively. Using
the methods of boundary functions [9, 289] it is pos-

sible to obtain asymptotic expansions of blocks
F,Sl)( ) i=1,4, matrixes (9) in form:

Zu [FY (s)+11,F(r)],
_ 10
r=s—,sSh,i=1,4 ( )
u
This means that forany k=0,1,...
+HF (r)]
s<h,

and C; doesnotdepend on s < h.Forboundary func-

tions H]‘F(i) (7’)> r<0,i=14, j= 0,1,..., the estimate

“HjF(i)(r)“SBexp(xr), t <0, (12)

where 0 >0, ¥ >0 — some constants.

We indicate some leading coeflicients of the as-
ymptotic expansions (10):
FO(5) = 0,E) (5) =—A"BE(s),E” (5) =0,
HO (5)=F(s),
EY(s)=A"BF(s)CA™, E¥(s)=~F(s)CA™,

E?(s)=[ A"BCA™? — A”B(D-CA™B) |F(s)+

+}A13F(n)(D ~CA"'B)CABF(s—n + h)dn,
| EY ()= CA™BF(s)-

_}F(n)(D—CA'lB)CA‘zBF(S_n+h)dn’ (13)

ME0)= 1)
= f(r)A™"'B,11,F® (r)=0,11,F" (r) =0
11,FY (r)=—A"BCA™ f (r) +

+j.f(n)A

where the matrix functions F (s), s<h, and
f (r),r <0, dimensions n,xn, and n, xn, respec-

“'BCf (r—n)dn,

tively, solutions of equations

%F(s) =—F(s)(D-CA'B),F(h)=E, (14)

d
4 1(1)=-1(r)4, £(0)=
By virtue of relations (9), (10), (12) and unifor-
mity in S<h assessments (11) magnitudes R(x)
and r(o), defined by formulas (6), also decom-
pose into asymptotic series
21

=2 MR, r(p)=
=0 j=0
R - {RJ‘-”
J R(_3)

(2) 1)
R‘Z4) 5 r. = r] ,j:O,l,..., (16)
R i@

j j

(15)

and

where
RY = F(0), i=1,4,

J

n = }[FO(Z) (s)b+E" (s)a]ds + }
0 —00
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1 = [ ()b FL) (s)aJds+
0

0L O (r)alan

rj(f) _ j[lgj(4)(s)b+pj(fl)(s)a}ds+
0

+I[ i F b+ jF(3)(r)a]ds,jeN.

Semor coefficients of expansions (15) are as fol-

lows:
_ -1
|0 o)
(17)
. [—Aqu — Ala}
0 q >
where:

q= [F(s)ds(b—CAa).

3. The basic pi‘oblem. Consider the following
discrete optimal control problem:

X, (t+1):ROxO (t)+r0u(t), X, (O)Zxo,
d.(t)<u(t)<d (1), teT,
Hx, (tl) =g, Cx, (tl)—> max,

(18)

which we call the generating (basic) with respect
to the perturbed problem (5). The basic problem is
equivalent to the problem

0=Az+By+av, T € [O,T*],

Z—y =Cz+ Dy +bv, y(O) =Y v() IS V(-),
T

Gz(r.)+Hy(t.)=g, cz(r.)+d y(r.) - max,
in the class of impulse functions, where

z(th)
xo(t) {(h)} teTl.

The latter problem can be obtained from the ini-
tial perturbed problem (1) - (4), if we putinit =0
and discard the condition z(0) = z,.

Wenowconsiderthesupportmatrix A, = A, (1)
of the perturbed problem () corresponding to some
support T, . Since expansions (15) hold, the matrix

A,,,, (1) admits an asymptotic expansion

0

Ay (“) = z/”liAi (Asupp )

i=0

(19)
with coeflicients
Ai (Tsupp) = I:A ( ) te TSMPP:|

i

Ai(t): 5J(t) i=j? teT,
=0
E(E-1)=25 ()R 6 (1 -1)=  (20)
=0
=H,E/(t,-1)=0,jeN,i=0,1,...
Take as T,,,, support of the basic problem. It is

easy to see that the leading coefhicient A ( mpp) de-
composition (19), constructed in (20) along this sup-
port, is the supporting matrix of the basic problem.
Consequently, the matrix A, ( T'Supp) non-degenerate,
and, therefore, for sufficiently small x the support
matrix (19) of problem (5) is also non-degenerate.
Thus, each support of the basic problem will also be a
support in the perturbed problem (S5).

We now consider the vector of potentials
m =nm(u), co-trajectory ¥ =y (u,t) and co-control
A = A(u,t) perturbed problem, the corresponding

support T, the basic problem. Takm(g into account

supp
the non-degeneracy of the matrix A Twpp) we ob-

tain the followmg asymptotic expansmns

Zl// v, (
“S A1), teT,
i=0

whose coefficients are found by the formulas:

7y = o (Tupy ) A5 (T )

Zﬂﬂ w(ut) (21)

i=0

2” l]’
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A(0)=-3W(1)r pieN,

matrixes A, ( ) defined in (20)
We that the higher
oW, (£),A,(t) expansions (21), built on support

supp
note

coeflicients
T, the basic problem, respectively, coincide with
the vector of potentials, the co-factor and the control
of this problem under support T, .

We consider the basic problem (18). We solve it
with the help of an adaptive method, as a result of

) T }, sat-

which we obtain the support control ful® upp

isfying the optimality criterion [10, 148]:
u®(1)=d.(t), if AV (r)>0
u® (1) =d.(t), if AV (r) <05t T(O) TITY,
where AV ()= A, (t),t €T, there is a co-control of
the basic problem that corresponds to the support
Loy
Formulas (17) indicate a special block structure

(23)

of the matrix R, and vector 7,, and this makes it pos-
sible to substantially simplify the determination of
the quantities. For example, the co-trajectory of the
basic problem has the form

v()=[v 0 v o] e,

1 2
where y" @)

yU(6)=0, t=0,6,—2,y" (,-1)=c -7 G,
y® (t-1) =y ()F(0) -y (t)A"'BF(0), t T,
1//(2)‘ (t,-1)=d -7 H.

Here functions F(s),s <h, is the solution of the

first of equations (14).

Suppose that the optimal supporting control

{ () T(O)
supp

S. Example. Let’s illustrate the developed algo-

rithm in the following example. Two trolleys, the

—n, —vector, ¥ —n, —vector,

} of the basic non-degenerate problem.

masses M and u, respectively, are connected by a
spring, the length of which in the unstressed state is

l. Coeflicient of spring stiffness — k,. Trolleys move
rectilinearly under the action of force F attached to
alarge trolley. The magnitude of the force is a piece-
wise constant function with step #, not exceeding in
absolute value a given positive number f . At zero
time, the trolleys are at rest, the distance between
them is /. Resistance forces when moving trolleys
are proportional to their velocities with coefficients
b, for big trolley and b, for small one. It is required
to find the law of force variation F, at which a large
trolley will pass at a given time 7. through preset
position L with the highest speed.

Let x,,— the coordinate of the larger trolley, x,
— smaller. The equation of motion of the larger trol-
ley is:

M xum =fv—k0<xM - X,

for smaller trolley:

—l)—blfcM, te[0r.],

,Lw"cu =k, (x) —x,~1)=b%,, T €[0,r.],

x,(0)=1 x,,(0)=x,(0)=x,(0)=0.
Denote that x, —I=y,%, =y,x,=y;%,
Suppose that M =10, k, =2, f =100, b, =1, b, =2,
7. =6, h=2, L=>5+1. In this case, the problem of
trolleys takes the form of a singularly perturbed
problem (1) — (4) with parameters

A=-2,B=[2 0 -2],a=c=G=2,=0,

g=5H=[1 0 0l.d(1)=d(r)=1,

0 0o 1 0 0 0
C=[0,D=|-02 —0.1 02|b=[10{,d=|1|.

1 0 0 0 0 0

Solving the basic problem for the obtained per-
turbed problem by an adaptive method, we find the

optimal support control u®, Tom}, where

u”(0)=1,u"” (1) =0.306059,u" (2) = -1, 1) =

supp { } >

and AY (t)#0,r € T (consequently, T\’ =T, ).
Let k= 1. On anon-degenerate optlmal support

control {u° ﬂ(ﬂ;p} of the basic problem in accor-

dance with formulas (24) - (28) to construct a 1-op-

timal 1-admissible control of problem (5):
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10.

”S) (0)= l,ufj) (1)=0.306059 — Accordingly, the magnitude of the force F, applied
to bigger trolley, equals 100-v(7), 7 €[0,6], where
v(t)=1,1€[0,2), v(r)=0.306059 —
1—27.904900-u, T €[2,4), v(r)=—1, T €[4,6].

1~27.904900-,u” (2) = - 1.
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Abstract: Clinical-paraclinical parameters, ct, mri and electroneuromyographic studies were stud-
ied in 141 patients with secondary relative lumbar spine stenosis. The proposed technique of basic
therapy with the inclusion of spinal traction, electrophoresis of papain preparations and massage of
the waist led to a reduction of the pain syndrome according to the VAS scale, a decrease in the index
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there was an improvement in the ENMG indices in the groups of patients, but in the main group
these changes were significantly better.
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KOMMMNEKCHbIA NOAX0A K TEPANUU BOJIbHbIX C BTOPUYHbIM
OTHOCUTEJIbHbIM CTEHO30M NO3BOHO4YHOIO
KAHAJIA NOACHUYHOIO OTAEJIA MO3BOHO4YHUKA

AHHOT&HPIS[: Y141 OOABHBIX C BTOPHUYHDBIM OTHOCHUTEADPHBIM CTEHO30M IIO3BOHOYHOT'O KaHaAad

U3y4eHbl KAMHUKO-NTapakaAnHn4Yeckue nokaszarean, KT, MPT u aaexTpoHnelipoMuorpaduyueckue

HCCACAOBaHMHA. HpeAAaraeMaﬂ METOAHKA 6asucHOMn TepalnHu C BKAIOUEHHNEM BbITAKEHH ITIO3BO-

HOYHHKAQ, 3AeKTPO(l)Op638. ITpernaparoB IIallalHa 1 MaCCa’XeM ITOSICHHUILBI ITIPHBEAA K YMEHDIIEHH IO

6oaeBoro cuappoma no mkase BAII, ymensmenuto MMC u mepemesxaromeit XpOMOTbI, YAy-

IeHUI0 cocTossHuA 1o mKaae SSS. Kpome aToro, orMedeno yaydmenue u JHMI nokasareaeit

B I'pyIIax 60AbeIX, HO B OCHOBHOU rpymnie 3T U3MEHEHHA HOCUAN AOCTOBEPHO Ay‘lH.IPIfI Xa-

pakTep.

KaroueBbie caoBa: BTOPI/I‘leIﬁ CT€HO3 IIO3BOHOYHOI'O KaHaAaQ, AeI‘eHepaTI/IBHO-AI/ICTPO(I)I/I‘ICCKI/IE

3abo0AeBanus MO3BOHOYHMKA, O HMI, KOMIIAEeKCHOE AedYeHue.

OAHOJ#1 U3 IPUYMH Pa3BUTHS XPOHUYECKOTO 60-
A€BOTO CHHAPOMA B CIIMHE CAYXXHT CT€HO3 II03BO-
nounoro kanaaa (ITK) [9]. Crenos guarnoctupytor,
II0 AQHHBIM Pa3AUYHBIX ABTOPOB, ¥ S—65,2% 60ABHBIX
C AAUTEABHO CYIeCTBYIOIIMMH AeTeHepPaTUBHBIMU
IpOIleCCaMH B MOSICHUYHOM OTAEA€ ITO3BOHOYHU-
xa [7]. C mMpoKUM BHEADEHHEM B KAMHUYECKYIO
npakTHKy kommbioTeproit (KT) 1 MaruuTHO-peso-
HancHol Tomorpaduu (MPT) 3HaumMTeAbHO pac-
IIMPHAUCH BO3MOXKHOCTU AHATHOCTHKU CTEHO3a
03BOHOYHOTO KaHaAa [10]. [Tanuenram ¢ yskum
IIO3BOHOYHBIM KAHAAOM TPAAUIIMOHHO IIPOBOAST
omeparuBHOe AeveHne [4; 7]. OpHAKO, HEYAOBAET-
BOPUTEAbHBIE Pe3yABTAThI XUPYPrUYECKOTO ACUECHHS,
AOCTHTAIOT IIO AAHHBIM Pa3HbIX aBTOPOB A0 50% [12;
15;17].

IIpu AereHepaTUBHBIX (BTOPMYHBIX) CTEHO3aX
nossonounoro kanaaa (ACITK) mpeacraBasercs
HHTEPECHBIM U IepPCIeKTUBHbIM HCIOAb3OBAHHE
TPaKIJHOHHOMN Teparuu [2; 3; S; 6; 8] mo3BoHOU-
HMKA U HCIIOAb30BaHUe Iperaparos [lamau B Buae

asekTpodopesa uau Y3T B KOMIIAGKCHOM AeYEHUH
[1;13].

BeinrenssoxeHHOe 00YCAOBHAO ITPOBEACHHE Pa-
6O0THI, MOCBSIIEHHOMY aHAAU3Y 9 PeKTHUBHOCTH pas-
AWYHBIX CXeM Ipu AeveHnu 60apHbIX ¢ ACIIK.

Ieassmu HacToOsIeH pabOTHI SBASIAUCH paspa-
6OTKa 1 HAyYHO-MeTOANYECKOe 0OOCHOBAHHE [TaTO-
reHeTH4YeCKH HAaIlPaBACHHOW MEANKAMEHTO3HO-pH-
3UOTepaIeBTUYeCKUX METOAHMK IIPH OTHOCHUTEABHOM
ACIIK mosicHUYHOro oTA€Aa MO3BOHOYHHUKA HA OC-
HOBE COYETAHHOTO X IIPHUMEHEeHUS.

MarepuaA 1 METOABI HCCACAOBAHHS

B AHEBHOM cTanMOHape HeBPOAOTUYECKOM KAH-
Huku «Global Med System> 65140 oTo6pano 141 ma-
renToB (80 xeHmuH 1 61 MY)K‘-II/IH) C AMarHO30M
«/\ereHepaTUBHBIN OTHOCUTEABHbIA CTEHO3 I103BO-
HOYHOT'O KaHAAQ IOSICHUYHOTO OTAEAA IO3BOHOYHH-
Ka>. Bo3pacT 60AbHBIX KoAebaAcst 0T 19 A0 82 aeT.

AWM3aiTH HCCAEAOBAHHS BKAIOYAA KAUHHKO-HEBPO-
AOTHYECKYIO OIIeHKY IAITHEHTOB C TPAAUIIMOHHBIM
00BeKTUBHBIM OCMOTPOM, OIIpeAeA€HHEeM CTelleHU
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BhIpakeHHOCTH 6o0An mo mxase BAIIL u IllBeii-
IJAPCKOM IIKAABI AASI OIIEHKH ITAIJeHTOB CO CTEHO-
30M MO3BOHOYHOTO KaHaAa (Swiss Spinal Stenosis
Questionnary — SSS) [14; 16], cTenenu BbipaskeH-
HOCTH MbIIIEYHO-TOHUYecKoro cuapoma (MTC)
u anexTponeiipomuorpadpuro (JHMI') po u mocae
AEYEHHUSL.

AASL TIOATBEp>KAEHMSI BEPTeOPAABHOIO CTEHO3a
IPOBOAMAM Pa3AHYHbIE BUABI AYI€BOH AMATHOCTHKHL.
Ilo pesyabraram KT u MPT npoBoauAu pacyeTsl IAO-
IaAH IT03BOHOYHOTO KaHaAa (I1K) Ha Hem3aMeHeHHOM
yposHe (oTHOCHTeAbHas maomaab 1K) u maomaau
I1K Ha U3MeHeHHOM ypOBHE B CAaMOM Y3KOM MecTe
(raomapb CTaHAAPTU3UPOBAHHOTO I1K). Ha ocno-
BAaHHU PAaCcyeTOB OIpeAeAHAH cTerneHb cyxeHus ITK.

ITpu KT u MPT nccaep0BaHUSAX HAIIUX MAITHEH-
TOB MBI PaCCUYUTHIBAAH ITAOI[AAD TO3BOHOYHOTO Ka-
Haaa 1o opmyae: S= AxB/2, rae A — ppoHTaABHBIIT
pasMep IO3BOHOYHOTO KaHaAa; B — carurraAsbHbIN
pasMep IO3BOHOYHOTO KaHaaa [ 10], koTopas Bo Beex
HAOAIOAEHUSX BHE 3aBUCMOCTH OT TUIIAa CT€HO3a 110~
3BOHOYHOTIO KaHaAa 6p1aa ot 100 MM2 A0 75 MMm2 —
OTHOCHUTEAbHBIN CTEHO3.

O6caepyeMsie ObIA pa3AeAeHBI Ha 4 AedeOHBIe
rpymmsl: 3 OCHOBHBIX M 1 KOHTpoAbHas. B rpymme
KOHTpPOAA (4-4 rpymnma) NpUMeHSIAOCh GOHOBAS Te-
pamus, Bkatoyaromas HIIBC, muopeaakcanrsl, Bu-
TAMHHBI I'PYTIIbI B, aHTUXOAMHICTepa3Hble CPEACTBA
u Maccax. B 1-# rpynme npuMeHsaach ¢oHOBas Te-
parusi, BRITSDKeHHe II03BOHOYHUKA H 9AeKTPOoopes
(nau Y3T) Kapunasuma 350 I1E, Bo 2-it rpymme —
donosas Teparus u aaexrpodopes (uau Y3T) Ka-
punasuma 350 I1E, B 3-e#1 — poHOBas Tepamnus 1 BbI-
TSDKEHVe TT0O3BOHOYHUKA.

dusnoTepanuro manueHThl HAYUHAAH C < CYXOTr0>
BBITSDKEHHS HA TOPU30HTAABHOM MEXaHUYeCKOM TPaK-
IJMIOHHOM CTOA€ AAUTEABHOCTDBIO OT AGCSITH AO COPOKa
muHyT. Ha xypc — 10 cearcos. 3a 0cHOBY HamMu 6b1A2
IPUHATA CXeMa TPAKIIMOHHOTO AeYeHHs IIPU OCTeO-
XOHAPO3€e IIO3BOHOYHHKA B MBIIIEYHOPEAAKCHPYIO-
mem (Msrkom) pesxume no ApuBotunosy [S]. [lpu
IPOBEASHHH TPAKIMOHHOT'O A€UEHHS, KpOMe BO3pacTa

U Beca 60ABHOTO, AOTIOAHUTEABHO YIUTHIBAAOCH CTe-
TIeHb BBIPKEHHOCTH MBIIIEYHOTO KOPCETa, ITOA ITaIfH-
enra [3; 6]. IIpu npoBeaeHNH TPAKIIUH XKEHITUHAM
IPy3bl TATH yMEeHbIIAAMCh Ha S—10 K1, a akcriosuus,
COOTBeTCTBeHHO, Ha 5—10 MuH.

OAaekTpodope3 C AeKapCTBEHHbIM IIperapaToM
BBITSDKKH ABIHHOTO pAepeBa maraiu (Kapunasum, [Ta-
naus, Kapumann 350 HE) IIPOBOAMAH IIPY IIOMOIIU
anmapara «[IOTOK-1> (mpoussoactso Pecrry6anku
Y36eKHCTaH). KapurasimM BBOAUAK METOAOM SAEKTPO-
dopesa c HOAOKHUTEABHOTO IOAIOCA. DAAKOH KapHIIa-
3uma 350 I'IE pasBopmau B S—10 MA pH3HOAOTHIECKO-
IO pacTBOPa HEIIOCPEACTBEHHO IepeA IPOIleAy PO
B pacrBop A06aBAsiau 23 Karau AuMexcupa. PactBop
HAHOCHAU Ha PUABTPOBAHHYIO OyMary, pa3MeleHHYI0
Ha ITPOKAAAKAX dAEKTPOAQA. PasMeprl aaeKTpoaa-nipo-
kaaaku — 10-15 em. Temneparypa mpoKkAaAOK — CTpo-
ro 37-39° C. Bpems axcriosuruu — 20 MuHyT. Aede-
Hue Kypcosoe — 10-12 npoueayp.

IIpyu HaAMYMK IPOTHBOIOKA3AHHM K 9AeKTPOdO-
pesy (CepAeYHO-COCYAUCTas HEAOCTATOYHOCTD, Ha-
AWYHUH HCKYCCTBEHHOTO BOAHTEAS] PUTMA, QpUTMUH,
OHKOAOTHYECKHE U KOXKHbIE 3260A€BaHUS) IPUMe-
Haau poHodopes kapumasumom [1]. Kapumnasum
350 IIE cmemmBaAu ¢ 2 MA Ma3u MHAOMETAI[MHA
M HAHOCHAM Ha CUMMETPUYHbIE 0OAACTH BAOAD I10-
Pa>KEHHOTO YyYacTKa IO3BOHOYHHUKA. DKCIO3UITHS
10 munyT. Ha xypc 10-12 mpoueayp.

9¢$PeKTUBHOCTD MPOBOAMMOTO ACUEHHS OL|€HH-
BAAACh IO CAGAYIOIIMM KPUTEPHUSIM:

1. lHTeHCHBHOCTD OOAEBOTO CHHAPOMA IIO BU-
3yaAbHOIt aHaroroBoit mkase (BAIIL - 10 6aar0B);

2. CreneHb BBIPR)XEHHOCTHU MbIIIEYHO-TOHUYE-
ckoro cunppoma (MTC) ompeaeAsiau, BBIMUCAAS
MHAEKC Mbiedsoro cuaapoma (MMC):

1) BbIPaXeHHOCTD CIIOHTAHHBIX 6oAeit: 1 6aaa —
B IOKOe 0OAeill HeT, MOSIBASIIOTCSI IIPU HArpysKe;
2 6aara — 60AU HE3HAYUTEABHBI B [TOKOE, YCHANBA-
I0TCSI TIPU ABIDKeHHH; 3 6aara — 60AU B ITOKOe, Ha-
pYyIIaeTcs COH, BhIHY>KACHHAs 11033;

2) TOHyC Mbimi: 1 6aAA — IaAel] Aerko IIO-
TPY>KaeTCsl B MBIIIIY; 2 6aAAd — AASI TOTPY>KEHMs
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HeoOXOAUMO OIIpeAeAeHHOe YCHAMe; 3 6aAAa — MBIII-
11a KAMEHHOM ITAOTHOCTH;

3) 6oaesHeHHOCTD MBIIIT: 1 6asA — P MAAbIIa-
LMY [AIIMeHT TOBOPUT O HAAUYUH 60AY; 2 6aaAa — OT-
BeT Ha IIAABIIALINI0 MUMHUYECKO peaxijueis; 3 6aara —
OTBeT 001eil ABUTaTeAbHON peakiuen;

4) MPOAOAKUTEABHOCTD  OOA€3HEHHOCTH:
1 6aar — 6OAe3HEHHOCTb IPeKpaIaeTcs Cpasy;
2 6aara — poAoAKaeTcs A0 1 MuH; 3 6aaaa — mpo-
Aoakaercs 6oaee 1 mum;

S) cremens HPPAAMALIIY OOAEI [IPY ITAAbITAIIHH:
1 6aAA — 60AE3HEHHOCTh AOKQAM3YETCSI B MECTE [TAAD-
manu; 2 6aAsa — 60Ab PaCIIPOCTPAHSIETCS HA PSIAOM
pacroAoXeHHbIe TKAHHU; 3 6aasa — 6OAD pacrpocTpa-
HAETCS Ha OTAAACHHbIE 00AACTH.

HMIMC oneHHBAIOT 11O CyMMe 6aAAOB Ha3BaHHBIX
npusHakos: | crenens (aerkas) - IMC a0 S 6aar0B;
I1 (cpeansis, ymepenHas) — ot S Ao 12 6aanos; 111
(TsmKEAas, BoipaxkeHHas) — 6oaee 12 6aanos [11].

3. IBeitnjapckas MmKaAa AAS OII€HKH ITalMeH-
TOB CO CTEHO30M II03BOHOYHOTO KaHaAa (Swiss
Spinal Stenosis Questionnary — SSS) rae B opHOI
IIKaAe COOpaHBI CBEAEGHHUSI O CTEeIleHH TSDKeCTHU
CIIMHAABHOTO CT€HO03a, PU3UIECKOTO COCTOSHUS
U AKTUBHOCTH GOABHOTO U YAOBAETBOPEHHOCTbD ITa-
ITMeHTa KOMIIAGKCHBIM AedeHHeM. Pe3yabTaT BhIpa-
XKAIOT B IIPOIJ@HTaX OT MAKCUMAAbHO BO3MOXXHOTO
0aAaa.

4. I'lo paccrosiHuIO (8 MeTpax), IIpY KOTOPOM ITO-
SIBASIETCS] HeHpOoreHHas IepeMeXkarolnasi XpoMoTa.

S.ITo parrbiM OHMI' onieHHBaAOCH BbIpaskeH-
HOCTDb IOBPEXAEHHS HeMPOMOTOPHOTIO amIapara.
B xavyecTBe xpuTepus 3¢ PeKTHBHOCTHU ACUEHHUS UC-
ITOAB30BAaACS MOKa3aTeAb «6A0K F-BoAHBI>» (npo—
IIeHT BBIAAGHHUS), OIeHHBAAACh AMHAMHKA IIO-
KazaTeAs MO OKOHYaHHU AeueHMsa. VccaepoBanue
OCYIeCTBASIAU Ha 4-KaHAAPHOM KOMIIbIOTEPHOM
aaexrponeitpomuorpade («Heitpo-OMI-4>» koM-
nanuu «Heftpocodr> ).

Pe3yAbTaThI HCCAEAOBAHHS K HX 00CY>KAECHHUS

B BhIA€ACHHBIX HAMH IPYIIIIaX 60AbHbIE OBIAU CO-
IIOCTAaBUMBI [0 BO3PACTHOMY U TIOAOBOMY COCTaBY.

O6caepoBaHmEe OOABHBIX IIPOBOAMAU B AMHAMHUKE:
IpU ITOCTYIIACHHHU B KAUHHKY U IIOCA€ TIPOBEAEHHOTO
AedeHus. Y BceX OOABHBIX IIPH 00CAEAOBAHUY BBLSIB-
A€H AeTeHePaTHUBHBIN OTHOCUTEAbHbIN CTeHO3 II03BO-
HOYHOT'O KaHAaAa. BOABHBIX € a6COAIOTHBIM CTEHO30M
MbI He BKAIOYAAH B HUIIIHK OOCAEAOBAHUS, TaK KaK UM
IIOKA3aHO OIIepaTUBHOE AeYeHNe.

[TpuyrHaMM CTEHO32 y HAIIMX OOABHBIX OBIAK CO-
JyeTaHHe CIIOHAMAOAPTPO3a C IPbIKaMU MEXKIIO3BOH-
KOBBIX AMCKOB Pa3AMYHON AOKAAU3AL[UU ( 128 gea. -
90,8%) HAU CIIOHAMAOAPTPO3a, CIIOHAMAOAUCTE3A
¥ IPBIK MEXKTIO3BOHKOBBIX AUCKOB (72 wea. — 51,1%).
Y 15 (10,6%) 60AbHOTO MPUYHMHOI CTEHO3a 6bIA
criouauaoauctes [ u Il crenenny S (3,5%). Beauun-
Ha npoaarica AuckoB 1mo AaHHbIM KT u MPT koaeba-
AacCh 0T 5,5 MM A0 9 MM.

Ilpu nccaepoBaHUM HEBPOAOTHUYECKOTO CTaTyca
y HAIUEeHTOB ObIAY BRISIBAEHBI CACAYIOLIHE HEBPOAO-
rUYecKue CUMITOMbL: papukysonaruio (y 63 maru-
eHTOB, 44,7%), papuxyroumemuto (y 16-11,3%),
muenomatuo (y 10-7,1%), atombasruio (y 22—
15,6%). UyBcTBUTEAbHbIE HApYIIEHUS B HIDKHHUX
KOHEYHOCTSIX BbisiBAeHBI ¥ 99 (70,2%) marueHTos,
y 3 (2,1%) — B anorenuTasbHOM 30He. Hapymenus
$YHKIMY Ta30BbIX OPTaHOB 110 TUITY 3aA€PKKU AMa-
rHoctupoBanst y 19 (13,47%) nauuenros. Ilepuo-
AWYeCKHe CYyAOPOTH B MKPOHOXHBIX MBIIMIAX y 12
(8,51%), HeitporeHHas MmepeMeKaiomas XpoOMOTa —
y 66 (46,8%).

AAsL M3MepeHNUsI HHTEHCUBHOCTH OOA€BOTO CHH-
ApOMa HaMu ObIAQ IPUMEHeHa BU3yaAbHAsI aHAAOTO-
Bas mxaaa (BAIIL). Ilpu nepsuunom obpamennu
HMHTeHCUBHOCTD 60Au o BAIII B rpynmax 6b1aa co-
[IOCTaBUMOIL. B x0A€ A€UeHSI HHTEHCHBHOCTD OOAM
BO BCeX IPyIIIax yMeHbmnAach. OAHAKO, Y OOABHBIX
1 rpymnmsr nHTeHCHBHOCTD O0AU 110 BAIII 68142 AO-
CTOBEPHO (P > 0,001) Hmxe, yem y MaljUueHToB 2,
3 1 KOHTPOABHOII rpym (TabA.). AUHAMUKA yMeHb-
IIeHYs] BBIPOKEHHOCTH OOAU B Pe3yAbTaTe A€UeHMs
cocTaBHAa B 1-11 rpymme Ha 69,8%, Bo 2-i1 — 46,6%,
B 3-eit — 37,6%, B 4-it — 28,4% (puc. 1).
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Tabnuua 1. - JuHamMunka KIMHUKO-NHCTPYMEHTasIbHbIX
rnokasaTenen v wkan B peadynbtate nedeHnsa (Mtm)

K AHEHKO-HECTPYMEHTAABHEIE 1-arpyn- 2-arpynma, 3-sarpynma, 4-arpynma,
MOKA3aTEAHN M IIKAABI ma, n =34 n =33 n=33 n=37
(PT+1pax+d®) | (®T +ID) (DT + Tpax) KT (®T)
BAILL Ao revenus 7,18 £0,2 6,4+0,1 6,23 £0,2 6,56 £ 0,1
[Tocae Aeuenus 2,17 +£0,1# 3,42 +0,1 3,890+ 0,1 4,7+0,1
HMupexc mpimeu- | Ao aedeHus 11,24 +£0,3 10,11 +£0,2 10,09 £ 0,3 10,35+0,2
Horo cuHApoMa | [Tocae aevenus 3,76+0,1* 4,63+£0,2 4,83+£0,2 5,7+0,1
Ao AeyeHus 34,53+ 1,2 34,06 £ 0,9 34,09 £ 1,3 34,53+ 1,1
IIIxaaa SSS ITocae B 6aarax | 47,88+ 1,3 a 49,74 + 1,1 50,6 £ 1,5 52,1£1,3
ITocae B% 60,6% 62,96% 64,05% 65,94%
Ao revenus 263,0 £ 59,0 299,3 + 34,8 256,6 £ 81,9 245,6 £92,8
HIIX, meTpn1
ITocae Aeuenus 426,5 + 65,9 450,0 + 38,4 342,3£92,9 273,9£91,6
OHMI ;% 6a0- | Ao AeveHus 14,56 £ 1,1 14,6 £ 0,9 14,69 + 1,1 14,95+ 1,0
koB F BoaHBI ITocae Aeuenus 10,35+ 0,7 a 11,74 £ 0,7 12,6 £0,9 13,86 £ 0,9

OT - $ponosas mepanus, mpax — mpakyuonnas mepanus, OO — arexmpodopes, KI' — konmporvras epynna,

HIIX - neiipozennas npexodswas xpomama.
#-p <0,001 mencdy 1u2,1u3,1u4zepynnamu;
*—p<0,0Smendy 1u2 1u3, 1u4epynnamu
a—p < 0,05 mexdy 1 u4pynnamu;

g
,6 -
" po
a - neyeHmn
2 -
¥ nocne
0 neyeHmn
1-an 2-an 3-arpynna 4-an
rpynna rpynna rpynna

PucyHok 1. InHamuka nokadartenein BALL no pedynbtatam nedeHums

Mpuneyno-Tonudeckue nposisaenus (MMC)
B 00CA€AyeMBIX IPYIIIIaX COOTBETCTBOBAAY CTEIIEHU
BBIPQKEHHOCTH 0OAEBOTO CHHApPOMa U OblAa
corocraBuMa. B xope aedeHus nmokasarean VIMC
BO BCeX IPyImax yMeHbmuAach. OAHAKO, Y OOABHBIX
1 rpymimbl 9TH A2HHBIe 6b1AK AocTOBepHO (P > 0,05)
HIDKE, 4eM y MAIlMeHTOB 2, 3 1 KOHTPOABHOM IPyTII

(Taba.). Aunamuka ymensuenus IMC B pesyabrare
A€YEeHUS COCTaBHAA B 1-i1 rpymme Ha 66,6%, BO 2-i1 —
54,2%, B 3-eit — 52,1%, B 4-it — 44,9% (puc. 2).
Aaaee MbI npoaHaAU3HPOBaAU 3P PEKTUBHOCTD
IIPEAAOXKEHHOTO HaMH AedeHus 1o mkaae SSS. Tak,
AO AedeHusI 6aaAbl 110 mKase SSS Bo Bcex rpymmax
ObIAM COMTOCTaBUMBL [ToCAE A€YeHUS BBIIBUAOCH, YTO

40



INTEGRATED APPROACH TO THERAPY OF PATIENTS WITH SECONDARY LUMBAR SPINE STENOSIS

y manueHToB 1 rpymmst 6asast o mkae SSS 6b1au
aoctosepro (P > 0,05) Hike, 4eM y MauMeHTOB

KOHTPOABHOM I'PYIIIBI U HEAOCTOBEPHO HIDKE, YeM
y HaLMeHTOB 2 1 3 rpynn (Taba.), (pI/IC. 3).

15 -
S
10 A0
neyeHun
5 + M nocne
neyeHun
0
1-aa 2-an 3-a 4-an
rpynna rpynna rpynna rpynna

PucyHok 2. nHamuka nokadartenein IMC no pe3ynbtatam nedeHus

B onpocnuxe mxaae SSS ecth AaHHbBIE O HaAU-
Yuu 'y 6OABHBIX HEHPOTE€HHOM IIPEXOASIIEeN XPOMO-
te (HIIX), usmepsiemas B merpax. Tak y 60AbHBIX
Bcex 4 rpymm Ao Aedenus paccrosiHus HITX 6bian
comnocraBuMsl. [Tocae AedeHrs y 60AbHBIX 1 rpymIbI
9TO PACCTOSIHUE HEAOCTOBEPHO OBIAO HOAbIIE, YeM
y 6OABHBIX OCTAABHBIX IPYIIIL (pHC. 4).

Ilpu OHMI' wnccaepoBaHUH, ITPOBOAMMBIX
AO U IIOCAE AEUEHMS, OLIEHNBAAACh AMHAMMKA I10-

KazaTeAs «0A0K F-Boanb». [Tocae AeueHMs BBISBU-
AOCB, 9TO Y [TAIJMEHTOB 1 IPyIIIbI MoKasaTeAs «6A0K
F-BoAHBI>» GBIAK AOCTOBEPHO (P >0,05) HIKE, YEM
y MaIjieHTOB KOHTPOABHOM I'PYIIIIbI M HEAOCTOBEP-
HO HI)Ke, 4eM y IaIJUeHTOB 2 U 3 rpymnm (Taba.).
B 1 rpynne ormMedasoch yMeHblIIeHHE KOAMYECTBA
IIPOLIeHTOB BhIMaAeHuUs 6A0KOB F-BoAHbI Ha 28,9%,
BO 2-i1 — Ha 19,6%, B 3-eit — Ha 14,2%, B 4-i1 —
Ha 7,3% (puc. S).

70
60 N _ . -
¢ [0 neyeHuns
50 s O [ = A
40 M nocne
30 * 4 4 * fleyeHms
1-an 2-an 3-a 4-an s nocne 8 %

20 rpynna  rpynna rpynna  rpynna
10

0

PucyHok 3. InHamuka 6annoB no wkane 555 no pesynbraram nevyeHus

O6cyxpenne. Kak mokazaA CpaBHUTEAbHbIH
AHAAM3 AMHAMUKU KAMHUYECKUX IIPOSBACHUH, Te-
CTHPOBAHUS IPEAAOXKEHHBIX MIKAA M PEe3YAbTaTOB
OHMI' moAy4yeHBI IOAOXHTEAbHBIE Pe3yAbTATHI
BO BCeX IpyImmnax uccaeposanusi. OpHako, Hanboaee

3HAYMMasl TIOAOKUTEAbHASI AMHAMUKA OBIAQ BBLIB-
AeHa B 1-#1 rpymme 60OABHBIX, TIOAYYaBIINX 6a30BOe
A€UeHHe C IpHMeHeHHeM TPaKI[MH MO3BOHOYHHUKA
U aAeKTpodopesa C ImpemapaTamu mamainu. Ilpu
OTAGAPHOM ITPUMEHEHUHU 3TUX METOAOB ACYEHMs
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BO 2-i1 1 3-efl IPyIIIaX 9TH [TOKA3aTEAU OBIAM Ha-
MHoro Hipke. [ cample Hu3kue nmokasareau a$ppex-

TUBHOCTH A€YeHUs ObIAO B I'pyInie KOHTPOAL (4-3.5[

rpynma).

500 -
400 -
[ iTo)
300 - ne4yeHua
200 - M nocsne
neyeHuA
100 - nocne B
0 %
1-aa 2-an 3-a 4-an
rpynna rpynna rpynna rpynna

PucyHok 4. InHamuka HIMX B MeTpax no pesynstatam Sie4eHus

60 -
® po

40 - neyeHun
M nocne

20 - ne4yeHua

nocne 8 %
0
1-ana 2-an 3-a 4-an
rpynna rpynna rpynna rpynna

PucyHok 4. InHamuka BbinageHns 6nokos HIMX B meTpax no pesynbtatam neyeHns

OTO MOXHO OOBSICHUTD IPABUABHOM TIOCACAO-
BaTeAbHOCTDIO IPMMEHsAEeMbIX QU3HOTepaneBTHuYe-
ckux paxropos. Ilo-HameMy MHEHHIO, IPOBOAM-
MO€ B HadaAe A€YeHHUs TPAKIIMOHHOE BO3AEHCTBHE
Ha MO3BOHOYHO-ABUTATEAbHbIM CETMEHT IPUBOAMT
K HE3HAYMTEAbHOMY BTATHMBAHUIO IPHIKEBOTO BbI-
nsyuBanus (3a cuet «addexTa Bakyyma ), yMeHb-
IIEeHUI0 KOMIIPEeCCHH CIMHHOMO3IOBOTIO KOpPeIlKa,
a TaK)Ke YMEHbUIEHHIO KOMIIPECCUU PAAUKYAO-Me-
AYAASIPHBIX COCYAOB. OTO B CBOIO O4epeAb IPUBOAUT
K YMEHDIIEHHIO OTe€Ka U BOCCTAHOBAEHMIO MUKpPO-
LIUPKYASIIIUH B 30He opaxkeHus. Boccranosaenne

MHKPOLUPKYASIIIUN YBEAHYUBAET OMOAOTHIECKYIO
AOCTYTIHOCTb A€KAapCTBEHHbIX IIpPerapaTroB AO-
CTaBAsIeMBIX PU3HOTEPaNeBTHYECKHMU METOAAMHU
(aaexTpOdOpEs c PpepMeHTHHIMU MperapaTaMu)
U BBOAUMBIX 9HTepaAbHO. B KoHIIe ceaHca AedeHus,
IPOBOAMMBIN MAaCCaXX, yCHAUBAaeT KpoBoobpaire-
HI€, yCTPaHseT MBIIIeYHbIN AePaHC U BhIPaBHUBAET
MblIIeYHbIi Arcbaranc. Takoe «kackapHOe> BO3-
aerictBue Ha ITAC, xoraa KaXKABIN ITOCAEAYIOIIHIA
¢usnoTepaneBTUYECKUN PAKTOP YCHAUBACT AeH-
CTBHE ITPEAbIAYIIErO, TIO3BOASIET AOCTUTATh MaKCH-
MaAbHOTIO TepaneBTU4eCKOro apexra.
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XAPAKTEPUCTUKA NOKASATEJIEU YIJIEBOOHOIO
OBMEHAY BOJ1bHbIX C MOPBUAHbBIM OOKUPEHUEM
A0 U NOCJIE ONEPATUBHOIO JIEHEHNYA B SABUCUMOCTHU
OT BUOA ONEPATUYHHOIO BMELUATEJIbCTBA

Annoranms: Lleapro paboTsI OBIA aHAAU3 PACIIPOCTPAHEHHOCTHU U XapaKTePa HAPYLICHUIT yTAe-
BOAHOTO OOMeHa y GOABHBIX C MOPOUAHBIM OXKHUPEHHEM, A TAKOKe OLIEHKA B IOCAEOIEPAIIIOHHOM
IIEPUOAE BAUSIHUSI PA3AMYHbIX XUPYPIUYeCKIX METOAOB A€IEHNS], A IMEHHO OMAMOIIAHKPEeATHIeCKOTO
IIyHTHUpOBaHHs B Mopupukanyu Hess-Marceau v mpoAOABHOM pe3eKIMH JKeAYAKa, Ha CTeIleHb Kop-
PEKIMY 3TUX HAPYIIE€HHIA.

KaroueBbie cAOBa: MOpOUAHOE OXXUpEHNUe, OTIePATUBHOE AeUeHUe, OMAMOIIAHKPeaTUIeCKOe IIyH-
THPOBAHHE, IPOAOABHASI PE3EKIIHsI XKEAYAKA, YTACBOAHBII OOMEH.

Breaenne BCErAQ COITYTCTBYIOIIHI eMy MeTaO0OANYEeCKHIT CHH-

TepaneBTHYECKYIO CAOKHOCTD Ipo6Aembl MOP-  ApoM (MC), KOTOpBIiL, B CBOIO O4epeAb, SIBASETCS
OHMAHOTO OXXHUPEHHS HAAIOCTPHUPYET MPAKTUYeCKH  KAACTEPOM PAKTOPOB PHCKA PasBUTHS CAXapHOTO
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auabera (CA) 1 cepAeYHO-COCYAUCTBIX 3a60A€BaHMi
[1;2;4;5;6;7;9; 10].

Pacripocrpanennocts MC nmocTosiHHO yBeAM4MBa-
eTCsl BCAGACTBHE TTAHAEMHH O3KHPEHHsI B COBpEMEHHOM
MHUPe, YTO AEXKHT B OCHOBE KaTaCTPOPHIECKUX TEMIIOB
npupocra 3aboaeBaemocTu CA. DKCIIEPTHI PACXOAST-
Cs1 BO MHEHHU — SIBASIETCSI Al OAVIH U3 BEAYIIUX PaKTo-
pos (omnpeﬂne Y MHCYAMHOPE3HUCTeHTHOCTD (1P))
6oAee BXXHBIM, 4eM Apyroii B maroreHese MC. JrtoT
BOIIPOC OcAOXKHseTcs TeM ¢akroMm, uto VP un oxu-
peHue TeCHO CBsI3aHbI APYT C ApyroM. HMHucyaunope-
3HCTEHTHOCTD, 6€3 COMHEHUS, UIPAeT BAXKHYIO POAb
B marorenede MC, OAHAKO MHOTHE HCCAEAOBATEAU
HACTaMBAIOT Ha TOM, 4YTO uMeHHO VP AexxuT B ocHOBe
BCel COBOKYTIHOCTH KapAMOBACKYASIPHBIX GaKTOPOB
pHcKa, KoTopble onpeaeasior MC [1;2;8;9;10].

OKOHOMHYECKHE PAcXOAbI Ha AedeHHe Aul, ¢ MC
Ha 60% BblllIe, YeM B IIOMYASIIUU Oe3 ero KAUHIYe-
CKHX IPOSIBA€HUH, ¥ BO3PACTAIOT ellje Ha 24% y Au1j
C «IIOAHOM>» KAMHHUYECKON KapTHUHOM BCEX IISATH
xommonenTos MC [1; 2; 10].

Ileap nccaepoBaHMS

IIpoanaAusupoBaTh pacpoCTPaHEHHOCTD U Xa-
paKTep HapyILIEHUI yTAEBOAHOTO OOMeHa y 6OABHBIX
C MOpPOHAHBIM OXXHpPEHHeM U OLIeHHTD B IIOCAEOIIe-
PallIOHHOM IIepHOAE BAUSHUE Pa3AUYHBIX XUPYP-
IMYECKUX METOAOB A€UEHHUS, A UMEHHO OMAMOIIAH-
KpeaTH4eCKOro ITYHTHPOBAHUSA B MOAHUQPUKAITH
Hess-Marceau 1 IpOAOABHOM pe3eKIIMH XKeAyAKa,
Ha CTeIleHb KOPPeKI[UH 3TUX HapylIeHHUH.

MarepHaAbl H METOABI HCCACAOBAHHS

AASL AOCTIDKEHUS IIOCTABAEHHOM B paboTe IieAu
6BIAM 0OCAEAOBAHBL 57 MALIUEHTOB C MOPOUAHBIM
oxupenuem (MO) u conyrcrsytomum MC, B Bos-
pacte ot 21 a0 62 aetr (cpeanwuit Bospacr 40,0
+1,38 AeT) , KOTOpble HAXOAMAHUCD IIOA HAOAIOAEHH-
em Ha kapeppe xupypruu N2 1 TocypapcTBeHHOTO
YUPEXACHHS «/\AHEIpONeTPOBCKas MEAUIIMHCKAS
axapemust M3 Ykpaunsi». Cpeau HaIjeHTOB ObIAO
36 (63,2%) sxenmmun u 21 (36,8% ) My>kuuHa.

Crenenp OXHpeHHS OIPEAEAsIAACh COTAACHO
kaaccudpuxaru BO3 ( 1997 r.). HMupexc Maccol Teaa

(IMT) pacuurbiBaacs o popmyae: UMT (xr/m>) =
=MaccaTeaa (xr)/Pocr (M?); mAeaAbHAS Macca TeAa —
IO MEeXAYHAPOAHOI TabAwuIie Metropolitan Height
and Weight Tables, Converted to Metric System
(1983 r.); mpoueHT MoTepyu U3GHITOYHOMN MACCHI TEA]
(%EWL) — o popmyae: % EWL = (ITorepsiaHas mac-
ca reaa (xr)/M36prrounas Macca Teaa (xr)) x 100%.

Ha Bropom aTarie nccAepOBaHIS U3 001[ero KOAU-
4ecTBa OOABHBIX, KOTOpPbIe HAOAIOAAAKCD, CYOPMHPO-
BaHbI ABE KAHUYECKYe IPYIIIbI HAOAIOACHIS B 3aBUCH-
MOCTH OT METOAQ XUPYPIHIECKOTO A€UEeHHS], KOTOPBIH
y HHX ObIA HCIIOAB30BaH. B I kauHudeckyro rpymmy
Bomau 29 (50,9%) 60ABHBIX, Y KOTOPBIX MPUMEHSIAU
OHMAMOIIAHKPEATHIeCKOe IIYHTUPOBAHHE B MOAUPHKA-
mu Hess-Marceau, Kak XUpyprudeckuii MeToA Aede-
=11 MO. Bropyro KAMHIYeCKYTO IPyTITy COCTaBUAM 28
(49,1% ) maruenTOB C IIPOAOABHOM pe3eKIIrer JKeAyAKa.
B I rpymime 6610 9 (31%) myxamn u 20 (69%) sxen-
IIMH, cpeaHuii Bo3pacT — 37,8 + 1,84 aer; Bo Il rpyrme —
12 (42,9%) my>cans u 16 (57,1%) skeHIuH, cpeaHmit
Bospact — 42,3+ 2,01 aer (p > 0,05 MesxAy rpymmamu).

O6caepoBaHme OOABHBIX IIPOBOAMAOCH IIPU
YYaCTHH COTPYAHHMKOB KadeApBl, a Taioke IpHU
YCAOBHU TIOAyYeHHUSI YCTHOTO HHPOPMHUPOBAH-
HOTO COTAACHSI MIALMEHTOB Ha 6ase ceTu Aabopa-
Topuit «AUAA>» (cepruduruposana coraacHo
TpeOOBaHMAM MEXAYHAPOAHBIX CTAaHAApTOB ISO
9001:2008 Ta ISO 15189:2007; aunensus M3
Yxpaunasr AB Ne 447607 or 12.02.2009 r. u AA
N2 063597 ot 02.08.2012 r.; cBHAETEABCTBO 06 are-
cranuu Ne [1TT-027506 01 28.07.2006 r. u Ne I1T-274/
110101.08.2011 p.). OrieHKY pe3yAbTaTOB CHIKEHHUS
MacCChI TeAd IPOBOAMAU B AUHAMUKE HAOAIOACHUS —
IIPY IIepBOM BU3UTE Ha JTalle IPeAOIIePAI[HOHHOM
IIOATOTOBKH, uepe3 3, 6, 12, 18, 24 u 36 mecsipI no-
CA€ OIIepPATHBHOTO BMEIIATeAbCTBA.

HccaepoBaHME COCTOSIHISI YTAEBOAHOTO OOMe-
Ha OIIPEAEASIAM TIO TIOKAa3aTeAsM: YPOBHS HHCYAHHA
u C-menTrpa IpH MOMOIIU UMMYHOPEPMEHTHOTO
anaamsa (®A), rAMKO3UAMPOBAHHOTO FeMOTAOOH-
HA; AOTIOAHHTEABHO OIIPEACASIAU YPOBEHbD ACTITHHA
MeroaoM MOA. TlpoBoaHAN TecT TOAEpPaHTHOCTH
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k ratokose (TTT'). OrieHKy pe3yAbTaTOB HCCAEAOBA-
HUSI IPOBOAUAU B AUHAMUKE HAOAIOASHHS — Ha dTarre
IpeAOIEePAIfIOHHOM IIOATOTOBKH H IIOCA€ OIIePaTHB-
HOTO BMEIIIaTeAbCTBA.

Crarucrudeckyro 06paboTKy MaTepHaAOB HC-
CACAOBAHUS IPOBOAUAM C MCIIOAb30BAaHHEM METO-
AOB GHOCTaTUCTHKY [ 3], peaAM30BaHHbIX B AHLIEH-
supoBaHHOM makere nmporpamm STATISTICA v.6.1°
(Statsoft Inc., CIIIA).

Pe3yAbTaTbl M HX 00CY>KAEHHE

B Havaae viccaeAOBaHUS ITOKA3aTEAN MACChI TEAQ
Y MY>KYUH xoAaebaauch oT 115 kr A0 263 KT U B cpea-
HeM cocTaBuAn 168,2 + 8,21 KT, a COOTBETCTBYIOIUI
M30BITOK MAcChI TeAQ KOAebaAcs B mpeperax 42,6—
193 xr u B cpepaHeM cocTaBuA 96,5 * 8,28 kr. Y xeH-
IIMH aHAAOTMYHbIE TIOKA3aTEAN U30BITOYHOM MaCChl
TeAa BapbupoBaan oT 28,4 xr Ao 106,8 k1, B cpeaHeM
cocrasuau 62,1 + 3,49 xr ¢ p < 0,001 B cpaBHeHUH
¢ My>xurHamMH. ABe TpeTH MyxuuH (n = 16-76,2%)

¥ TOYTH TTOAOBHHA keHIuH (n = 17-47,2% ) umeAn
HMT 6oaee 45 xr/m?* (p = 0,033 no xpurepuo x>).
Munnmaabsbiit nokazateab UMT y myxuun co-
craBasiA 35,5 xr/m?, MakcuMaAbHBI — 85,9 Kr/M?,
a cpeannit — 52,9 + 2,77 xr/m? (1aba. 1). Y xen-
IMH AQHHBIN ITOKa3aTeAb koaebaacsa ot 30,7 kr/m?
A0 62,1 xr/mM* u B cpepnem cocTtaBua 45,0 *
+ 1,24 xr/m* (p < 0,01 B cpaBHEHUH C My>XYUHAMY).
OaHUM U3 KpUTepUeB BbIOOPA BUAQ OIIEPATHB-
HOTO AeveHMst 6b1Aa Macca TeAa. [lanmenTtam ¢ 6oaee
BBICOKOY MAaccoii 6p1Aa peKOMEHAOBaHa KOMOHHHUPO-
BAaHHASI METOAVKA OIIEPATHBHOIO A€YEHUSI — OHAHIO-
IaHKpeaTHYecKoe MIYHTHPOBaHNE B MOAMPHKAIINU
Hess-Marceau (I kaunndeckas rpymnma). AAs nau-
enToB ¢ MenpunM VIMT 6b1aa BbIOpaHa MeTOAMKA
pectpukruBHoro tuna (I KAuHMYeckas rpymma).
B HavaAe mccaepOBaHUS CYOPMUPOBAHHbBIE KAUHH-
YeCKye IPYIIIbI 60Aee AOCTOBEPHO OTAMYAAUCH I10 I10-
kasareasm MO (or p < 0,05 a0 p < 0,01) (Taba. 1).

Tabnuua 1. - CpegHue nokasatenm MopouaHOro OXMPEHUS y NaLmMeHToB
KIMHNYECKUX rpyn B AMHamMuke HabaaeHns, M = m (95% ON)

HoKasaTeas Bce Kanangeckue rpynmnsi P MeXKAy
NanMeHThI Irpynma | Il rpynma rpyninamMu
Hauueumbtm HCK020 NOAA

- 1682+821 | 194,1+13,32 | 148,8+6,17 0,003 .

Macca Teaa. Ko (151,1-185,4) | (163,4-224,8) | (135,2-162,4) ’
! 3 e 139,4 + 5,64 | 1559+9,48* | 127,0 +4,42* 0007 .

' (127,6 -151,1) | (134,0-177,7) | (117,3-136,7) ’
U 52,9+2,77 62,1 £ 4,56 46,0+ 1,71 0,008«

VIMT, xt/a (472-58,7) | (51,6-72,7) | (42,3-49,8) ’
! 3 e 438 +1,87* 49,8 +3,14* 39,3+ 1,18* 0010.

) (39,9-47,7) | (42,6-57,1) | (36,7-41,9) ’

Hauueﬂmbt MEHCK020 NOAA

U 123,6 +3,61 130,6 + 4,75 115,0 + 4,88 0030 .

Macca Teaa. ko (116,3-131,0) | (120,6 -140,5) | (104,6 -125,4) ’
! 3 e 105,5+2,96* | 110,6+3,81* | 99,1 +4,27* 0,050 .

' (99,5-111,5) | (102,6-118,6) | (90,0 -108,2) ’
JU— 45,0 + 1,24 46,9 £ 1,53 42,6+ 1,92 0,086

VIMT, /3 (424-47,5) | (43,7-50,1) | (38,5-467) ’
! 3 aec 38,4+ 1,08* 39,7 +1,28* 36,7 +1,78* 0.173
) (362-40,6) | (37,0-424) | (33,0-40,5) ’

Ipumeuanue: * - p < 0,001 6 cpasnenuu c coomsemcmayrowumu noxasamersmu 00 seenus (T — kpumepui

Cmuiodenma); « — docmosepHole omausus mexcdy kaunuueckumu epynnamu (t — xpumepuii Cmotodenma,.
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YcraHOBAEHBI 001IHe TEHAEHIIN K CyIeCTBEHHO-
My (p < 0,001) cHIKeHHIO TTIOKa3aTeAeil Macchl TeAa
u VIMT y nanueHTOB 06€euX IpyIII yxe depe3 3 Me-
CsIja OT HaJaAa A€YEHHS.

Ha MoMeHT B3sATHS Ha yYeT AMAarHO3 CaXapHO-
ro auabera 2-ro Tuna ycranosaer y 11 (37,9%)
nanuenTtos | kaunudeckoit rpymmet u S (17,9 - Bo
11 rpynme (p = 0,092 no xpurepuro x*). Yaursisas

IPHHAAAEXKHOCTD BCeX IAIJUEHTOB K IPYIIIIe pUCKA
10 BO3HUKHOBEHHIO HAPYIIEHUI YTAEBOAHOTO 00-
meny, 661 mpoBeper TTT (Taba. 2), peayabraTst
KOTOPOTO BbISIBUAHM KOA€OAHUS HCXOAHBIX CPEAHUX
IIOKa3aTeAel TAFOKO3bI Ha BepXHel I'PaHHI|e HOPMBI
Y MX HOPMAaAHM3aIHIO Ha TIPOTSDKEHUM 3 MecsIieB Ha-
OAIOAEHUS Y IAIIMEeHTOB 00eHX IPyYIIIL

Tabnuua 2. — lInHamuka nokasartenen Tecta TONepPaHTHOCTU K F0KO3e
nocrne Harpy3ku 75 r cyxowm rnokossl, M = m (95% [N)

IoKasaTeAb Bce mannenTHI Kanangeckne rpynmbl P MexAy
(n=57) Irpynna (n=29) | Il rpynna (n=28) | rpynmamu
x 5,38 £0,11 528 0,12 534+ 0,14 0863
TAroKO3a HaTo- (5,15 -5,60) (5,03 - 5,54) (5,06 - 5,62) ’
WAk, MMOAB/A | | 4,94.£0,07* 5,08+ 0,11 4,79 +0,07*** 0,035 .
' (4,80 -5,08) (4,85-5,31) (4,64 -4,94) '
I'atoxo3a uepes HCX. 6,29£0,21 6,55£0,31 591£0,30 0,144
> waca HocAe Ha. (5,86 -6,72) (591-7,19) (5,29 - 6,53)
FpysKH, MMOARA | 3 atec, 5,18 £0,10%** 5,37+ 0,16** 4,98 +0,12% 0063
' (4,97 - 5,39) (5,04 - 5,70) (4,73 -5,23) ’

Ipumenanue: * - p < 0,05; ** - p < 0,01; *** - p < 0,001 8 cpasHeHuu c coomsemcmayOUUMU NOKAZAMEAIMU
0o revenus (T — kpumepuii Cmotoderma); » — docmoseprvie omaunus mexcdy Kaunueckumu epynnamu (t — kpu-

mepuii Cmuiodenma,).

B T0 >xe BpeMsl, pe3yAbTaThl HCCACAOBAHUS APY-
TUX ITOKa3aTeAell YTAeBOAHOTO OOMeHa BBISIBUAM
AOCTOBEPHYIO KOPPEASIIMOHHYIO CBS3b ypOBHeH
C-nenrTuraa, MHCyAMHA U TAIOKO3bI B KpoBu ¢ UMT
MALMeHTOB: AAS CPEAHETO YPOBHS TAIOKO3bI KO3 du-
LueHT KoppeAsinuy coctasua —1 = 0,350 (p < 0,01),
AASL KOHIeHTparyy nHcyAuHa — 1 = 0,399 (p < 0,01),
aast C-menmupa - r, = 0,363 (p < 0,01).

B nHauaae mccaepoanus 36 (63,2%) marmeH-
TOB 00eux Ipynn MMeAU BbiCOKHe ypoBHH C —
nentupa (> 3,85 Hr/ma) (Taba. 3) — 24 (82,8%)
nanuenta B 1 u 12 (42,9%) - Bo Il rpynme
(p = 0,002 no xpurepuio x*); ¢ MAKCUMAABHBIMU
3Havenusmu 15,9 u 11,4 HrMA. CpepHuit ypo-
BeHb C — IeNnTHAA AO A€UEHHS COCTABHUA IIO TPYII-
nam 5,48 [4,2; 9, 86] ur/ma u 3,66 [2, 24; S, 6]
Hr/MA ¢ p < 0,005 mexxpy Humu. ITo pesyasraram

KOPPEASIIIMOHHOTO aHAAM3a YCTAHOBAEHBI IIps-
Mble B3aUMOCBsI3H coaepkanmst C-mentupa B Kpo-
BHU C BBICOKHMH YPOBHSIMH OOIE€ro XOAeCTepHHA
(r, = 0,334; p < 0,01) u AMIIOPOTEUAOB OYEHb
HHU3KOM MAOTHOCTH (rs =0,430;p < 0,001), a Taxoxe
obpaTHasi KOPPeEASIIUS C yPOBHEM AUIIONIPOTEHAOB
BBICOKOM IMTAOTHOCTH (rs =-0,584; p < 0,001).

Bricokuil ypoBeHb HHCYAUHA B KPOBH BBISIBACH
y moAoBHHBI 06caepoBanHbIx (50,9%):y 17 (58,6%)
nanuenTos | rpymmst u y 12 (42,9%) 11 rpynmst
(p = 0,234 no xpurepuio y*). YpoBeHb HHCYyAHHA
KoAaebaacst ot 4,6 A0 A0 85,4 MKEA/A, a cpepHue TTO-
Ka3aTeAH AO AedeHUs OBIAM HECKOABKO BbIIIE Yy I1a-
nuentos [ rpynmet (p = 0,080 no U-kputepuio), uto
KOPPEAUPOBAAO C IIpeobAaAAHUEM B ITOM IpyIIie
60abHBIX ¢ CA 2-TO THIA.
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Tabnnua 3. — XapakTepucTuka yrneBogHoro ooMeHa y nauyeHToB TeMaTnyeckmnx

rpynn B guHamumke neveHus, M = m (95% [l) vnan Me [25; 75 npoueHTnnu]

Bce manuenTts! (n=57) Kananyeckue rpynmnsi MEKA
IToxasHuk Oricaore- CpeAHHMH Irpynma II rpynma Prpyn-y
HHS OT HOP-
v, % YPOBEHb (n=29) (n=28) maMu
29/ 25,7 32,0 18,5
Vrcyans, vcEada, | 0 50,9% [13,7;381] | [17,9;42,4] | [12,2;342] | @950
N3-25mcBan |5 7/# 18,7% 18,7 18,4 0967
‘ 12,3% [14,3;212] | [14,3;21,5] | [14,3;20,9] '
17/ 542+0,15 | 559+0,25 | 520+0,17
Thfokosa B KpoB:, | 208% | (511-573) | (506-6,11) | (4.85-555) | 170
NMffﬁéAé o 3 e 9/ 489 £0,13" | S03% 022 | 474£0,15* |
’ ! ‘ 15,8% (4,62-5,16) | (4,58 -5,48) | (4,43 -5,05) '
36/ 4,48 5,48 3,66
C-mertua, oo, | O 63,2% (347;629] | [42,986] | [224:56] | 200"
NO,81-3,85mrha | o 9/# 2,98 3,20%** 2,56%** 0154
' 15,8% [2,08;3,45] | [2,36;3,45] | [2,01;3,21] ’
I'xuxo3uaupo- ex 21/ 5,56 £0,10 5,72+0,16 5,35+£0,12 0.090
BaHHBIA [éMO-TAO- ' 37,5% (5,35-5,76) | (540-6,04) | (5,10-5,59) ’
61, %, 6/# 539+0,06 | 540+0,08 | 5,38+0,09
3 mec. 0,849
N 4,8-5,9% 10,5% (527-5,51) | (523-5,57) | (5,19 -5,56)

Ipumenanue: N — noxasameru nopmoLy e3pocavix; * — p < 0,05; ** - p < 0,0

1; *** - p<0,001 8 cpasHeruu c coom-

semcmeyrowumu noxasamergmu 0o revenus (T — xpumepuii Cmuiodernma, W-Buaxokcona); # — p<0,001 6 cpas-
Henuu ¢ noxasamersmu 00 Aeuenus (kpumeputi °); « — 0ocmosepHble OMAUHUL MeHOY KAUHULECKUMU 2PYNNAMU

(U - xkpumepuii Manna-Yumnu,).

Ha npotspkenuu 3 MecsitieB HabAroAeHYs Ha GpoHe
CYIeCTBEHHOT'O CHIDKEHIS MACCHI TEAQ Y OOABHBIX 00e-
VIX TPYTII OTMEYaAACh IO3UTUBHAS AMHAMEKA B IIAQHE
HOPMAAM3ALMH TIOKA3aTeAell YTACBOAHOTO o6MmeHa
(Taba. 3). Kpome TOro, KoAUECTBO MAIIUEHTOB C Bbl-
coxuM ypoBHeM C-TIenTHAR B KPOBU AOCTOBEPHO CHH-
31A0Ch € 63,2% A0 15,8% (p < 0,001 o kpurepuio i),
a CpeAHMeE YPOBHH y IALMeHTOB | KAMHIYecKOi rpyTI-
16 yMeHbIHAKCH Ha 41,6% (p < 0,001), Bo 11 rpyn-
nie —1a 30,1% (p < 0,001). [Tpo1ieHT MalueHToB C Ha-
YaABHO BBICOKMM YPOBHEM HHCYAMHA B KPOBHU TaKke
camzuacs ¢ 50,9% a0 12,3% (p < 0,001), a cpearue
TIOKA3aTeAU IPUOAUBHAUCH K HOPMe.

Ba>kHbIM TOPMOHOM, KOTOPBI CEKPEeTHpY-
eTCsl KUPOBBIMU KAETKAaMH U UTPAET KAIOYEBYIO

poAb B OOMEHHBIX IPOLIECCAX, SIBASETCS A€Il-
THUH. B pe3yapraTe Hamrero mccaepoBaHHS OBIAO
YCTAaHOBAEHO, YTO YPOBEHb A€IITHHA Yy MaljHeH-
TOB O0OEHUX IPYIII NPEBBIIIAA [TOKA3ATEA HOPMBI
(2,05-5,63 ur/ma) 60AbIne, YeM B pecaTb pas. Kpo-
Me TOTO, YPOBEHb AEIITHHA Y ManueHToB | rpymmst
KoAebaacst ot 24,5 oo 101,0 H/MA U B cpepHEM co-
craBua 58,4 * 4,89 (95% AU: 48,4-68,5) HIAMA,
aBo Il rpymme on Bappuposaa ot 15,4 oo 101 HD/Ma,
B cpeaHeM — 38,4 3,79 (95% AU: 30,6-46,2) uria
cp < 0,001 mexAy rpynnamu o t — kpureputo. [Ipu
9TOM YCTQHOBAEHBI IIPSIMble KOPPEASIIHOHHbIE CBSI-
31 YPOBHS A€NITHHA C HAYAABHBIMU II0KA3aTEASIMH
VIMT (r, = 0,279; p < 0,05) 1 H36BITOYHO MACChI
reaa (r,=0,271; p < 0,05).
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= -23,5%*
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i 30 y J. 27[',2
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g 10 /
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0 % 4 A
BCe nauuneHTbl | rpynna (n=29) Il rpynna (n=28)
Odo neyeHus 47,7 58,4 38.4
AYepes 3 mec. 36,3 44,7 27,2

PucyHok 1. InHamMmuka cpegHux 3HadeHuin (M, 95% W) ypoBHeN nenTmHa y nauneHToB
rpynn HabnoaeHms: * — p < 0,001 B cpaBHEHWM C nNokasaTenem 40 NeveHns

Yepes 3 Mecsma mocae ONEpPaTUBHOIO Aeve-
HUA CPEAHUN YPOBEHb AENITHHA Yy TeMaTHUYeCKUX
60AbHBIX cHU3HACA ¢ 47,7 + 3,23 (95% AU: 41,2
—54,2) ur/Ma A0 36,3 + 2,85 (95% AU: 30,6-42,0)
Hr/Ma, TO ecTb Ha 23,9% (p < 0,001 no T-xputepwuro)
(puc. 1). YposeHnb AentuHa y manueHTtos 1 rpym-
IIbl CHU3UACS B cpeAHeM Ha 23,5%, ¢ koaebaHUIMU
oT 4,2 po 89,8 HI/MA U B cpepHeM cocTaBuA 44,7 *
+ 4,27 (95% AWU: 36,0-53,5) arma. Bo I xansanm-
4YecKO! Irpymme CHM3UACA Ha 29,2% co cpepHUM
yposHeMm 27,2 + 2,92 (95% AW: 21,2-33,2) urma
(p < 0,001 o T-xpurepuio) (p < 0,001 Mesxxay rpym-
ITaMH I10 t-KpI/ITepI/IIO).

Taxum 06pa3oM, pe3yAbTaThl IIPOBEACHHOTO HIC-
CAEAOBaHHS FOBOPST O TOM, YTO II0 Mepe CHIDKEeHUS

MaCCBI TeAQ Y [IALIUEHTOB C MOPOHAHBIM OXKHpeHHeM
IIPOUCXOAST ITOAOXKUTEAbHBIE M3MEHEHHS BaXKHbIX
OHOXUMIIECKIX MAPKEPOB.

BriBopbI

1. MopbuaHOe OXXHpeHUe MPUBOAUT K CHIDKe-
HHIO YyBCTBUTEABHOCTH INepH(pepHIeCKUX TKaHeH
K MHCYAMHY UM HApyIIeHHIO IIOTAAAHMS TAIOKO3BI
K KAETKaM, YTO IPUBOAHT K THIIEDHHCYAMHEMHH (BbI-
COKHUH ypOBEeHb HHCYAMHA B KPOBHU BBIIBAEHO Y IIO-
A0OBHHBI UccaepyeMbIx (50,9%), a BBICOKUe ypOBHH
C-nenTupa B HaYaAe MCCAGAOBAHUS MMeAn 63,2%
TNaNMEeHTOB 06enx rpyr).

2. Ha ¢oHe cymecTBeHHOTO CHIDKEHHS MACCHI
TeAd OTMEYAeTCs IIOAOKUTEAbHASI AMHAMUKA B HOP-
MaAM3aI[MY [I0Ka3aTeAell yTAeBOAHOTO OOMeHa.
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MATEPUHCKWUN BO3PACT U AEDEKTbI MIOOA

AHHOT&I.[I/IH: EAPIO AQHHOTI'O MCCACAOBAHM SIBASIETCA OLI€HKA, CPAaBHEHNE H U3YIE€HHE S(P(l)eKTI/IB-

HOCTHU HpeHaTaAbHOfI AMArHOCTUKH CHHAPOMaA AayHa B 3aBHCHMOCTH OT BO3pacTa pOAI/ITeAeﬁ.

KaroueBbie cAOBa: GHOXMMHUYECKUI CKPUHHHI, YABTPa3ByKOBOM CKPHHHUHI, BO3PACTHOM PHCK,

CHHApPOM AayHa, ITpeHaTaAbHAs AMATrHOCTHKA.

MarepnaAbl 1 METOABI HCCACAOBaHHS

AaHHOE HccAeAOBaHME SIBASETCS Pe3yAbTaTOM
usydeHns 9P PeKTUBHOCTU AeMOrpaduyecKuX MoKa-
3areAeil Y3bekucTaHa, FOpoAOB 3amapHo APpuxy,
Cesepnoit u IOxnoi1 AMepuku, BocTounoit u 3a-
naaHoi Espomnsl, I0ro-BocTounoit Asun u OxHOM
Asun, a TakKe YABTPA3BYKOBBIX M OMOXMMHUYECKHX
MOKa3aTeAell IpU GUIHOAOTHIECKOM TeUeHUH bepe-
MEHHOCTH U CUHApoMa AayHa.

AHKeTHbIe AQHHBIE O OepeMeHHBIX POAUBIIHX Ae-
Tel 6e3 reHeTUYeCKOM MMaTOAOTHHU U aHKEThI AeTel
¢ cuHppoMoM AayHa 6p1au cobpansl B Pecrry6au-
KaHCKOM LjeHTpe «CKpUHUHT MaTepH U peb6EHKa>»
c 1 ssaBaps 2009 mo 31 aexabpst 2012 ropsL

B pesyabTaTe HccAeAOBaHMS HAMU OBIAO peTpo-
CITEKTHBHO ITPOAHAAU3HPOBAHO 516448 aHKeT >KeH-
IIIVH POAUBIINX AeTell 6e3 reHeTHYeCKO IIATOAOTUH,
386 aHkeT aeTeil ¢ cuHApOoMOM AayHa. Pazaeaenue

10 9THUYECKUM TPYIIIIaM He MMPOBOAMAOCH, TaK KaK
9TU AQHHBIE HEAOCTYIIHBI B aHKeTaX OepeMeHHBIX.
MarepuHCKHUI U OTLIOBCKHI BO3PACT ObIA M3ydeH
B KauecCTBe HelpephIBHBIX U KaTerOPHAAbHBIX Ilepe-
MeHHBIX. Bo3pacT OblA MOAeA€H Ha 7 IPYII B Kade-
CTBe KaTeropui C pa3aeAeHHeM I10 IIATUAETHEMY HH-
TepBaay (a0 19 aet, 20-24, 25-29, 30-34, 35-39,
40-44 u cBbune 45 AeT), U ABe BO3pacTHbIE KaTe-
ropuu A0 35 u crapure 35 aet. Hamu 6b1au uCIioas-
30BaHbI CEMb U ABE BO3PACTHBIE KaTeTOPHH, YTOObI
BBISIBUTH BO3MOYKHbIE HEAHEMHbIE TEHASHITUN 3aBH-
CHMOCTH MeXAY BO3PaCTOM POAUTEAEH, PACIIPOCTpa-
HEHHOCTBIO CHHAPOMa AayHa 1 KOAUYECTBOM POAOB.

broxumudecknit CKpUHHUHT IIPOBOAUACS AASL pac-
4éTa pHCKa POXKAeHHUS pebéHKa ¢ cHHApoMOoM Aa-
YHa C MCIIOAb30BAaHHEM TEeCT- CUCTeM Ha arlapare
«DELFIA>» — A067-101. Basarue KPOBU IIPOBOAM-
AOCH COTAACHO OOIIeNIPUHATHIM CTAHAAPTAM HATOIAK
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U3 [TA€4YeBOM BeHbI B AOKTEBOM CycTaBe. brian nsyye-
HbI buoxuMudeckue nokasarean AQIT, XT'Y.
PesyabraTpl nccaepoBanms. [lo pesyapraTam
IIpoBeAeHHBIX uccaepoBanmii ¢ 2009 mo 2012 ropsr
cpean 516448 GepeMeHHBIX POAMBIINX AeTell Oe3
reHeTUYEeCKOM MAaTOAOIMU HauOOAbIIIee KOAUIECTBO
POAOB MPHUXOAHMAOCH Ha Bo3pacT oT 20 A0 24 aerT,

U B cpepHeM cocTaBuaa 38,8%. CpepHuit Bo3pacT
bepeMeHHbIX, POAUBIINX AeTell 6e3 reHeTH4eCKO
IATOAOTHU COCTaBUA 26 AeT. Hamboapmmit mpo-
IIeHT POAOB Y JKEHINUH 0e3 reHeTHYeCKOH I1aTo-
AOTHHU TIPUXOAUTCSI Ha BO3PACTHOM IIPOMEXYTOK
ot 16 A0 34 et (90,02%), skeHImuHbI cTapuie 35 AeT
poxatot Beero 9,98% (rab. 1).

Tabnunua 1. - Konn4yecTBo HOBOPOXAEHHbIX AeTel 6e3 reHeTU4ecKom
natonorun Pecnybnukn YabekumctaH (2009-2012)

Bospacr 2009 2010 2011 2012 Bcero
MaTepH Ne % Ne % Ne % Ne % Ne %
<19 6048 4,52 5353 5,25 | 10645 | 6,27 6547 5,89 | 28593 | 5,54
20-24 | 49066 | 36,70 | 37148 | 36,44 | 73859 | 43,54 | 42918 | 38,61 |202991| 39,31
25-29 | 37526 | 28,07 | 31816 | 31,21 | 49026 | 28,90 | 32014 | 28,80 |[150382| 29,12
30-34 | 25051 | 18,74 | 16713 | 16,39 | 23459 | 13,83 | 17708 | 15,93 | 82931 | 16,06
35-39 | 13450 | 10,06 | 9251 9,07 [ 10566 | 6,23 | 10186 | 9,16 | 43453 | 8,41
40-44 2486 1,86 1652 1,62 2049 1,21 1771 1,59 7958 1,54
80 0,06 20 0,02 40 0,02 0 0 140 0,03
Cymma | 133707 101953 169644 111144 516448
% 25,89 | 4,52 | 19,74 | 525 | 3285 | 6,27 | 21,52 | 5,89

IIpy n3ydyeHUN POXKAAEMOCTU CPEAU >KeHIIMH,
POAMBIINX AeTel C CHHAPOMOM AayHa HanboAblee
KoAndecTBO popoB ¢ 2009 mo 2011 nmpuxoputcs
Ha Bo3pact oT 20 A0 24 aet, 2012 ropay HauboAblee

KOAUYECTBO POAOB IIPUXOAUAOCH OT 25 A0 29 AeT.
CpeaHUit BO3pacT OepeMeHHBIX POAUBLINX AETEN
c curapomoM AayHa coctasua 30 aer (Ta6. 2).

Tabnnua 2. — KonnyectBo HOBOPOXAEHHbIX AeTen ¢ cuHapomom dayHa (2009-2012)

Boapacr | 009 2010 2011 2012 Bcero
MaTepu
N % N % N % Ne % Ne %
<19 1 143 | 1 105 | 2 | 167 | 4 [ 333 | s 1,72
2024 | 21 30 21 | 2526 | 25 20 27 | 2417 | 94 | 231
2529 | 12 | 17,4 | 14 | 1474 | 23 20 29 | 2250 | 78 | 1916
3034 | 11 | 1s71 | 13 | 1579 | 21 | 1750 | 20 | 1667 | 65 | 1548
35-39 | 12 | 17,04 | 11 | 17,89 | 20 | 1667 | 17 | 1417 | 60 | 172
4044 | s | 714 | 8 | 1053 | 8 | 667 | 13 | 1083 | 34 | 934
HEMSBET g | 1143 | 8 | 1474 | 21 | 1750 | 10 | 833 | 47 14
CTE€H
Cymma | 70 | 100 | 76 | 100 | 120 | 100 | 120 | 100 | 38 | 100

HauboabIiee KOAU4eCTBO AeTell C CHHAPOMOM
AayHa 6bIA0 3aperuCcTPUPOBAHO y OTLIOB B BO3pac-
Te OT 25 A0 29 AeT, cpeaHee KOAU4eCTBO KOTOPOIo
coctasuao 21,4%. (ta6. 3). CpeaHuit OTI{OBCKHIA

BO3pacT cocTaBuA 33 ropa. Y 99 aereit ¢ cuHApO-
MOM AayHa BO3PacT OTIja He OBIA BKAIOUEH B CBSI3U
C OTCYTCTBHEM AAHHBIX.
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Tabnuua 3. — KonmyecTtBO HOBOPOXAEHHbIX AETEN C CUHAPOMOM
HayHa (2009-2012) B 3aBMCMMOCTW OT BO3pacTa oTua

Bospacr 2009 2010 2011 2012 Bcero
Marepu
Ne % Ne % Ne % Ne % Ne %
<19 0 0 0 0 0 0 0 0 0 0
20-24 7 9,09 7 7,78 7 636 | 11 | 991 | 32 | 825
25-29 | 17 | 22,08 | 19 | 21,11 | 20 | 1818 | 27 | 2432 | 83 | 21,39
30-34 | 12 | 1558 | 14 | 1556 | 21 | 19,09 | 15 | 13,51 | 62 | 15,98
35-39 7 909 | 14 | 1556 | 20 | 1818 | 15 | 1441 | 56 | 14,69
40-44 | 11 | 1429 | 8 8,89 7 727 | 14 | 1261 | 40 | 10,57
“‘Z’:Zfle 23 | 2987 | 28 | 3,11 | 34 | 3091 | 28 | 2523 | 113 | 29,12
Cymma | 77 |100,00| 90 |100,00| 109 | 100,00 | 110 | 100,00 186
% 19,85 2320 | 0 | 2835 | 0 | 2861 | 0

Brira moAydeHa o6paTHas CpeAHsst KOPpPeAsIy-
OHHAsI CBSI3b MEXAY BO3PACTOM POAUTEAEH U POXKAL-
HUeM AeTell ¢ cuHApoMoM AayHa. Tak, 3aBUCHMOCTD
OT MaTepUHCKOrO Bo3pacra cocrasuaa (r = —0,56),
ot orrjosckoro (r = -0,61). [Toao6HbIe KOppeAsIHU-
OHHBIE 3aBUCHMOCTH, BCTPEYRIOTCS CPEAH AeTeill 6e3
TreHeTHYeCKO! [ATOAOTUH, TAK KOPPEASILIMOHHAS 3a-
BUCHMOCTb MEXAY KOAUMECTBOM POAOB M BO3PACTOM
6epemenHbIx cocraBuaa (r = —0,62). Dra B3aumoc-
BS3b MEXAY BO3PACTOM POAHTEAEH U KOAMYECTBOM
POAOB 6€3 reHeTUYeCKO! MaTOAOTHU M POSKAEHH-

eM AeTell CHHAPOMOM AayHa CBHAETEAbCTBYET
006 yMeHbIIeHUN KOAUYECTBA POAOB C yBeAUYEeHIEM
BO3PACTa POAUTEAEH.
PacnpocTpaneHHOCTD AeTeit
c cuHpApoMoM AayHa BO BCe BO3pacTHbBIE TPYII-
bl B PecrryOamke Y36ekucTaH Ha NPOTSDKEHHU
¢ 2009 o 2012 ropsr cocraBuao ot 0,51 A0 0,79 cay-

vaes Ha 1000 HoBOpOXAeHHBIX. B cpeaHeM poskaeHue

POXKAEHHS

pebenka c curppoMoM AayHa coctaBasier 1 cayuvait
Ha 625 HOBOPOXXAEHHBIX Oe3 reHeTHIeCKOII TATOAO-
run. Auarpamma 1.

0

)y

Ounarpamma 1. HacTtoTta pacnpoCTpaHEHHOCTV POXAEHNS OETEN
¢ cuHapomom dayHa ¢ 2009 no 2012 roapl

Tabnnua 4. — KonnyectBo poXaeHHbIX AeTen ¢ cuHapomom JayHa
Y XXeHWMH mnagwe 35 n ot 35 net n ctapwe

Crpanst TOA <38 % >3S5 %

1 2 3 4 S 6
CIIIA (8] 1979 1318 67,83 625 32,17
CIIIA [8] 1979 S1 76,12 16 23,88
CIIIA [8] 1979 125 77,16 37 22,84
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1 2 3 4 S 6
Hurepus [18] 1982 304 78,76 82 21,24
Bpasuansa [19] 1996 132 66,00 68 34,00

CIIIA [8] 2005 353 59,53 240 40,47
Yexus [21] 2005 219 87,25 32 12,75
aaus [22] 2006 64 92,75 S 7,25
V3b6ekucran 2011 99 82,5 21 17,5

AaHHBIe K 001l POXKAAEMOCTH, IIPOBEASHHbIE
KaK B Pa3BUTHIX, TaK U B Pa3BUBAIOLIMXCS CTPAHAX
[IOKA3bIBAIOT HAMOOABILIE IIpeobAapaHHE POAOB
y skeHImuH A0 35 aet (88,16% — 95,23%) u cocTasu-

A0 B cpepeM 90,9%. PoxxaeHne aeteit crapuie 6e3
reHeTHYeCKO! TATOAOTUH CTapire 35 AeT COCTaBUAO
ot 4,77% a0 13,99% B cpeparem — 9,1%.

Tabnuua 5. — KonmyecTtBo poXaeHHbIX AeTen 6e3 reHeTU4eckom
naTonornm y XxeHwmH mnagwe 35 v ot 35 net crapue

Crpana TOA <35 % >35 %
IlBerus [14] 1989 306151 92,53 24708 7,47
Wales [14] 1989 42854 93,07 3192 6,93
Ton-Konr [14] 1989 102164 92,53 13779 11,88
Kyaaa-Aymmyp [14] 1989 30436 88,16 4086 11,84
Bpaszuans [19] 1996 1460 94,10 92 5,90
Kaaudopuns [8] 2005 444272 86,01 72290 13,99
Yexus [21] 2005 453118 95,23 22716 4,77
V36ekncran 2011 464897 90,02 51581 9,98

cuHApoMOM  AayHa
TaK JXe IPEBAAMpPYeT Y >KeHIIUH MAaalre 35 aeT
(59,53% —92,75%) B cpeanem cocrasasiet 74,95%,
IpHYeM HanOOAbIlee KOAMYECTBO POXKACHHS AeTeil
¢ cuHApoMoM AayHa 6b1A0 3aperucTpuposato B Vu-
AMIML M COCTaBHAO 92,75%.

KoanyectBo aAeTein ¢

Poxxpenue aeteit ¢ cuHApOoMOM AayHa y MaTe-
peii crapure 35 AeT KoAe6aA0CH B IIpepesax oT 7,25%
A0 40,47% 6b140 B cpepHEeM cocTaBrao 25,05%, 4To
HOYTH B 3 pa3a MeHbIIle 10 CPAaBHEHHMIO C KeHI[UHa-
mu Maaae 35 aer (1ab. 6).

Tabnuua 6. — KonnyectBo HOBOPOXAEHHbIX AeTeln 6e3
reHeTn4ecKowm NaTonormm u ¢ cMHapoMom layHa

Crpana 0e3 reHeTHYEeCKOM IIATOAOTHH C CHHApOMOM AayHa Pacnpocrpa
Ne % Ne % HeHHOCTH 1 000
Anrans 2010 [13] 811759 99,44 4559 0,6 5,65
CIIIA 2005 [20] 516562 99,89 593 0,11 1,15
Yexus 2005 [21] 475834 99,95 251 0,05 0,53
V3bexncran
2008-2011 516448 99,91 386 0,07 0,88

Bs1BOABI 1 IpaKTHYECKHE PEKOMEHAAITHH

Harmre nccaepoBaHye MOATBEPXKAQET, YTO HAUOOAD-
UM IPOLIEHT POXAEHMS AeTeH, KaK C CHHAPOMOM
AayHa, Tak peTeil 6e3 reHeTUYeCKOI IIATOAOTUH IIPH-

XOAMTCS Ha BO3pacTHOM nepuoa oT 20 Ao 35 aeT. XoTs
10 AQHHBIM MHOTOYHCAEHHBIX aBTOPOB PUCK POXKAE-
HISI AeTel C CHHAPOMOM AayHa 3HaYHTeAbHO BO3pac-
TaeT C yBeAMYeHHeM MaTepPHHCKOIO M OTIJOBCKOTO
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BO3pacCTa, KOAUYECTBO POXACHHH Y POAUTEAEH
ot 35 AeT ¥ cTapie cocTaBasieT ot 4,77% — 13,99%.

AOpPOAOBasi AMATHOCTHYECKAS TAKTHKA IPEAOT-
BpaI[eHIsI POXXAEHHS AeTell ¢ CHHApOoMOoM AayHa
HUMeeT IIePBOCTEeIIeHHOe 3HaYeHHe U HY>KAAeTCS
B CBOEBPEMEHHOI AMATHOCTHKE BCeX bepeMeHHbIX
KEHIIIMH BHe 3aBUCUMOCTH OT BO3PAacTa.

B ckpHHHUHrOBOM TeCTHPOBAHHH Ha BBLIBACHHE
PHUCKa POXAEHHS AeTeH ¢ CHHApoMOM AayHa Hc-
KAIOYHMTD BO3PACTHOM PUCK KaK METOA AUATHOCTHUKH
XPpOMOCOMHOM ITATOAOTHH Y )KeHIIMH cTapiie 35 AeT.
ITpu mocTaHOBKe AMArHO3a HEOOXOAUMO OIUPATHCS
Ha HAAUYHE YABTPa3ByKOBBIX XPOMOCOMHBIX MapKe-
POB IIPUCYTCTBYIONIUX IIPH AAHHOM ITATOAOTHU. AaH-
Hasl CTPATerusi MOXeT ObITh OAHOM 13 9 PeKTUBHBIX
MeTOAOB B CHIDKEHHHU KOAMIeCTBa XPOMOCOMHOM Ia-
TOAOI'HMH, TEM CAMbIM CHU3UB KOAUYECTBO AMArHOCTH-
9eCKHX OMUOOK IIPU AQHHOM IIATOAOTUH.

OcHoOBHOe BHUMaHUE SIBASETCS CpaBHEHHe 9THHU-
JeCKHX XapaKTePHCTUK POXKACHHUS AeTeH C CHHAPOMOM
AayHa B pa3AMYHBIX TOIYASIMSX. B rieaoM pacripocTpa-

HEHHOCTD AeTer ¢ cuHApoMoM Aayna Ha 10000 Hace-
AeHus cocraBaseT ot 0,88 a0 1,15 caydaes.

ITpoBeA€HHDBIN HaMHU CTATUCTHYECKMM aHAAU3
elé pa3 AOKa3bIBaeT OTCYTCTBHE BO3PACTHOIO (pak-
TOpa KaK PUCKa POXKAECHUS AeTell ¢ CHHApoMoM Aay-
Ha, a yBeAHYeHHe POXKACHHS AeTell C CMHHApoMOoM Aa-
yHa y MaTepei B Bo3pacTe oT 19 Ao 35 AeT HanpsMyto
CBsI3aHA C yBeAMYEeHHeM KOAYecTBa popoB. Mckaro-
JyeHHe BO3PacTa MaTepH — Kak OAHOTO U3 OCHOBHOTO
¢dakTopa ypaBHseT IIAHCHI IPU COCTAaBACHUH I'PYTII
BBICOKOTO PHMCKA POXAEHHS AeTell C CHHAPOMOM
AayHa BO BceX BO3PAaCTHBIX TPYIIIAX, CAEAOBATEAD-
HO, YMeHbIIIUB Te€M CaMbIM ITPOLIEHT AOKHOOTpPHIIA-
TEAbHBIX Pe3yAbTATOB AAHHOT'O CUHAPOMA Y XKEHIIJH
o1 19 A0 34 aer.

U3 aTOrO cAeAyerT, YTO B AaAbHeNIeM Heo0x0-
AMMO MCKaThb APyTHe 3THOAOTHYecKHe (aKTOpBHI,
BAUSIONIME Ha BO3HHMKHOBEHMs CHMHApoMa AayHa,
KOTOPBIE ITO3BOASIT 0OOCHOBAHHO COCTABASITD IPYII-
ITy BBICOKOTO PHCKA POXAEHUS AeTel C CHHAPOMOM

Aayna.
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RESOURCES AND METHODS OF CREATING LANDSCAPE MAPS

Abstract: The differences in quality between natural and regional complexes are described in
landscape maps.Colors are chosen close to the natural landscape, for example fire and red are given
to arid areas, green and blue — to the northern, cold seas. Bar chart strips for anthropogenic landscape
associations, terrain elements for separate card content, and scale-free symbols are used.

Keywords: landscape, stationary conditions, space photographs, geological and geomorphologi-

cal factors, geographical comparison method, geo-system.

Small-scale landscape maps are mainly based on
mid-range general graphical cards, which have most-
ly landscape data.At the same time, the landscape
components, thematic card with rich knowledge,
climate, meteorological, hydrogeological informa-
tion, land surveying literature and other cartographic
sources, space photographs, field and field observa-
tion findings are used.

Horizontal survey is performed on a large scale to
study the spatial location and properties of the main
natural complexes.If the natural territorial complexes
were learnt in a large scalescans, descriptions, and
carding; it may be predicted changes occurring in

nature and human environment.As an object of field
landscape research, structural alliances emerging from
the influence of various natural complexes and differ-
ent natural factors are accepted.The major role in the
formation of large taxonomic units (landscapes) re-
lates to geological and geomorphological factors as
they determine the distribution of climatic, vegeta-
tive and soil factors of the landscape divisions.In field
research, the morphological structure of the region is
studied; its geographical structure, dynamics are in-
terpreted, and other complex natural complexes are
mapped.The relationships between the horizontal
complexes are analyzed according to field data.

58



RESOURCES AND METHODS OF CREATING LANDSCAPE MAPS

All methods of access control in the field are in-
terconnected by the method of allocation of the
horizontal morphological units, and these limits are
designed to distinguish one multi-dimensional fea-
ture.These boundaries are always linear, despite the
sharp differences in natural conditions.The sharp
differentiation of natural territorial complexes de-
pends on the difference between their genes, the
natural change done by the human activities.The
younger age of land-based morphological associa-
tions, the more difficult to distinguish their out-
ward appearance on the basis of generally accept-
ed guidelines.The method of lumbering profiling
used in surveys is a link between the nature, nature
and components of natural territorial complexes.
The roots of morphology and structure of land-
scapes are revealedin a complexity profiles, and the
laws of natural complexes complicated by dynamic
and complementary landscapes, their relief forms,
rocks and groundwater are identified.

The methodology, based on objective territorial
complexes is described inlandscape maps, which
were created as a result of field work. The card il-
lustrates the thickened appearance of various ba-
sic laws of interaction of natural factors in place
and time.As the natural features of land plots are
described on the cards, they are involved in map-
ping industry cards.However, it should be noted
that every natural component has its own origin,
structure, development and distribution in the re-
gion.Therefore, it is impossible to create a card by
placing a landscape in the soil contour.

Research on horizontal surfaces plays an im-
portant role in in-patient research.As a result of
these researches, the interest of natural territorial
complexes has increased due to functional land-
scape study. The presence of natural territorial
complexes is divided according to the single stag-
nation and interconnection between the compo-
nents and the surrounding environment, which is
the result of many dependencies, their individual
components.These dependencies and interaction

are observed in different processes. Such processes
are repeated at different lengths, velocities, along
with adequate spatial variations over time.Inpa-
tient observation techniques are usedfor the pro-
cess analysis, which are used on small areas, on the
sites typical to the area.Evolutionary and seasonal
observations are conducted at the hospital. Long,
systematic observations allow not only the char-
acteristic and intensity of landscape changes, but
also their dependence on the various aspects and
factors that determine the nature of the relative,
complex and multifaceted movement, the speed
and development of the complex, the dynamics of
natural territorial complexes.Geo-system activity is
based on natural-mechanical, chemical and biologi-
cal processes.The use of different techniques in the
study reveals the nature of natural component func-
tioning processes, the basic laws, periodicity and
seasonal dynamics of natural territorial complexes.
Geographical interpretation of the content of the
final data is carried out using the geographical-com-
parative method.Materials of field and stationary
landscape surveys serve as the main source for the
creation of small scale landscape maps.

Space photographs have been successfully used in
the development and updating of the horizontal map
content as landscapes allow them to observe the laws
of cosmic positions, their interconnection, and mor-
phology of natural complexes.Different individual
landscapes are localized by space images, their inter-
nal structure is studied, and the landscape typology
will be investigated.

Two methods of research are used in the work
with photographs: transition from public to private
and vice versa.When creating small-scale cards, the
pictures are objective and it is detailed information
source, which greatly enhances the essence of large-
scale research in smaller fields.The use of pictures
makes the generalization process a bit easier be-
cause the automatic combination of landscape im-
ages will improve the accuracy of the cards, and
show the state of the natural systems on the cards.
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As a result of the study of spatial variability of the
landscapes, which are accurately captured in the
pictures, there is also an opportunity to show their
temporary dynamics.

Small-scale cards are created using survey-top-
ographic and thematic cards.These cards give a lot
of information about the geographical significance of
geo-systems, with different geographical geoscienc-
es.Depending on the image of the relief, the depth
and thickness of the area differentiated by its mor-
phometric properties may be defined; hydrographic
network data provide an overview of the differentia-
tion and localization of the landscapes of the region,
water supply, landscape types and subspecies; The in-
troductory soil-vegetation boundaries (saline soils,
dykes, swamps) are brought to the landscape chart
without any changes.Thus, the survey-topographic
maps provide a comprehensive picture of landscape
analysis, help to increase the basic genetic features
and content of natural complexes.

It describes geo-botanical and terrain maps of
the entire territorial landscape association.They ex-
plain many of the dynamic features of geochemical
systems, provide an idea of the speed of a series of
exogenous processes, and also show the changes re-
sulting from anthropogenic impact on the cards.On
the basis of soil and landscape maps, the boundaries

of the natural complexes are defined, which opens
the landscape formation processes.

In this way, landscape mapping is based on the
combined and interrelated analysis of the data from
the general and thematic cardsThis, in turn, en-
sures the reliability of the card, correctness of the
boundaries of the natural complexes, its complete-
ness, content, scope and purpose.Along with the
separation of individual landscape contours, they
are systematized, that is, each floor is divided into
one or another type.As aresult, in the first place the
legend of the card becomes a nomenclature of land-
scape types, then it is processed on the basis of the
structural-genetic classification.

There is no single idea of scientists about fur-
nishing horizontal cards. The cards show the differ-
ences in colors and the quality of natural territorial
complexes.Colors are chosen close to the landscape’s
natural conditions, for example, fire and red are given
to arid areas, green and blue — to the northern slopes.
Bar chart strips for anthropogenic landscape associa-
tions, terrain elements for separate card content, and
scale-free symbols are used.Terrains and scales are
usedfor the elements between natural complexes.The
boundaries between natural complexes are indicated
by linear characters, sometimes landscape chapters
are indicated on the card and legend with indexes.
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NOBbILULEHUE HEDTEOTAAYU MNJIACTOB C UCMOJIbBOBAHUEM
METOAA BOAOIMA30BOro BO34ENCTBUA

AnnoTanmsa: B craTbe Ha 0OCHOBe HOBBIX METOAOB YBEAUYEHH S HEPTEOTAAIM PACCMATPUBAIOTCS
kaaccuukanusa BI'B, puabrpanimioHHO-EMKOCTHBIE CBOMCTBA TOPHBIX IIOPOA, OIIPEAEACHHE TIAOT-
HOCTH 3€peH.

KaroueBble cA0Ba: KO3 PHIIEHT U3BACUEHUS HePTH, CKBOXKMHHAS AOOBIYA, IIOITy THHIN HePTSIHOMN
ras, BHICOKO€ AaBA€HHeE, BOAOTa30BO€ BO3AEHCTBHE.
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AxryaapHOCTD TeMbl: OCOOEHHOCTBIO Pa3BUTHS
HeTeAOObIBatOIIET npomblmaeHHOCTH Poccuiickoi
Depeparpu (PP) Ha COBpEMEeHHOM JTarlle SIBASeTCS
COCTOSIBIIIHIICS [IEPEXOA OT BHIOOPOYHOI OTPAbOTKU
BBICOKOTIPOAYKTUBHBIX (aKTUBHBIX) 3aracoB (CpeaHsis
cTenenb BhIpaboTKH 60Aee 70% ), K pa3paboTKe TPYyA-
Hou3BAeKaeMbIx 3aracos ( TY3) nedru, adpdextunHoe
OCBOEHHE KOTOPBIX BO3MOXKHO TOABKO ITPY UCIIOAB30-
BAaHHS COBPEMEHHBIX METOAOB YBeAUYEHHS HePpTeOT-
Aaun (TEMAOBBIX, ra30BbIX, PUBHKO-XMMUYECKHX U AD. ).

ITo coctosauio Ha 01.01.201S r. Ha T'ocypap-
CTBEHHOM 0aAaHCe MTOAE€3HBIX UCKOIIAEMBIX IO Ka-
teropusMm A+B+C1+C2 uncanaocp 28,9 MApA. T
3aIacoB HePTH, U3 KOTOPBIX 65% OTHOCATCA K Ka-
TerOpUHU TpyAHOU3BAeKaeMbIX. [Ipu aTOM, 3amacer
B HU3KOIIPOHHIIAEMBIX KOAAEKTOPAX COCTABASIOT,
IO Pa3HBIM OIleHKaM, B 3aBUCHMOCTHU OT HUCIIOAb-
3yeMOH CHCTeMbl Kaaccupukanuu, ot 36 Ao 41%
oT obmero o6vema TH3.

O PeKTUBHOCTD IIPUMEHEHHSI AASI paspabor-
KU TPYAHOH3BAEKAEMBIX 3aIIaCOB Ta30BBIX METOAOB
yBeAHUeHUs] HePTeOTAAUU (MYH) IIOATBEPXKAAET-
ca onbitoM CIITA, rae 40% AOIOAHUTEABHO AOODI-
toit He¢ptu (15-20 MAH. T HedTH) ObecnednBaeTCs
3a CYeT MCIIOAb30BAHUS B KAYeCTBE BBHITECHSIOMUX
areHTOB Pa3AMYHBIX ra3oB. B PO anasormunsIit mo-
kasareab paseH 0,5-1,0% (200-250 Tbic. T HedTH),
4TO FOBOPHUT O CYINECTBYIONIEM IIOTEHIIHAAe POCTa
00’5eMOB IIPUMEHEHUSL

B oredyecTBeHHOI MpaKTHKe IIPUMEHEHUS Ta30-
BBIX METOAOB IIPEATIOYTEHHE OTAAETCS KOMOHHU-
IPeAyCMaTPUBAIOIINM
3aKa4Ky B IIAACT YTAEBOAOPOAHOTIO T'a3a U BOABI, —

POBaHHBIM TEXHOAOTHM,

BOAOTa30BOMy Bo3aeiicTsuto Ha naact (BI'B). B nep-
Bble B CCCP 6b1au mpuMenens! B 1966 1. Ha MecTO-
poxaennu Ozex-Cyar (CraBponoabckuit Kpait).
Ao 3akauku rasa A0ObIda HeTH OCYIeCTBASIAACH
Ha peXXHMe UCTOIIeHNS, U AOCTUTHYTas HegTeoTaaua
(15%) cuutaroch KOHeUHOM, T. K. pOHTaHUPOBaHUE
CKBa)KUH IPEKPATUAOCD, A X HACOCHAsI 9KCIIAyaTa-
1y He Ob1Aa ocBOeHa. [IprMeHeHMs MeTOAQ 3aBOAHE-
HUS TakKe OKa3aA0Ch HEBO3MOXKHbBIM M3-3a KpaliHe

HHU3KOM IPUEMHUCTOCTH 110 BOAE (16-24m3/ CYT. IpU
AaBaerun 15,0 20,0 Mima).

B onpITHO-IIPOMBIIIACHHBIX, @ 3aTe€M B TPOMBIII-
A€HHBIX MACIITabax IIPOU3BOAMAOCDH BBITECHEHUE
He(THU IOIYTHBIM ra3oM, cKaTbiM A0 30-32 MI]a.
Bckope mocae Havyaaa 3akayku rasa IIAAcTOBOE
AdBAEHHE Ha y4YacTKe CTAAO 3HAYUTEAbHO YBe-
AWYUBATHCS, U BCE CKBAXKHHBI OBIAM IIepeBeAEHbI
Ha pOHTAHHYIO 9KCIIAyaTanuio. Bpems paboTst akc-
IIAYaTalJHOHHBIX CKBAXXUH 0€3 YBEAUYEHHUs ra30BO-
ro paxTopa AOOBIBAEMOI IPOAYKIJUH (a0 IpopbIBa
rasa) cocTaBHAO He MeHee 2,5-3 ropa. OTMedaAroch
IIAQBHOE, TOCTeIIeHHOe BO3pacTaHKe Ira30BOTro ¢pak-
TOpa IOCAe IIPOPhIBA rasa.

Hedteorpaua mecropoxaenus Osex-Cyar
3a 20 AeT pa3pabOTKH HOBBIM METOAOM IIPEBBICHAQ
80% HavaABHBIX 0AAQHCOBBIX 3aIIACOB HEPTH, AO-
IOAHHUTEAbHAsI AOObIYa HePTH COCTABUAA MOPSAKA
1 MAH. T.

TaxuM 06pa3oM OIBITHO-IIPOMBIIIAEHHBIE Pa-
6oTsr Ha MecTopoxAernn Ozex-Cyar [ 1] nokasaau
BBICOKYIO0 9P PpeKTUBHOCTb HaTHETAaHUS IIOITyTHOTO
rasa Iop BBICOKHM AABA€HHEM B MAAOTIPOAYKTHB-
HBIH, rAy60K03aAera}omnﬁ IIAACT, COAEPKAI[HMK
MaAOBSI3KYIO HeTb.

Taxoke ompIT mpuMeHeHHs TexHoaoruit BI'B
IIOKa3bIBaeT UX 9P PeKTUBHOCTD AASI pa3paboTKu
HU3KOITPOHHIIAEMBIX KOAAEKTOPOB (Tak 1Mo pe3yAb-
TaraM paboT Ha CaMOTAOPCKOM MeCTOPOXXACHUHU
OBIAO PEKOMEHAOBAHO HCIIOAB30BATh BOAOTa30B0O€
BO3AEMCTBUE AASl IIAACTOB C IPOHMIIAEMOCTbIO
menee 0,05 MkM?) MX TpaKTHUYeCKOe TpHUMeEHe-
HHe CAep>KUBAETCS MMEIOMUMHUCS 00beKTUBHBIMU
TPYAHOCTSIMH, K YUCAYy KOTOPBIX, B TOM YHCAE, OT-
HOCHMTCS BBIOBITHE CKBA)XMH M3 HaTHETATEABHOI'O
$OHAA M3-32 HEBO3MOXXHOCTH 00€CIIeYUTh 3aKa-
Ky ra3a IIOCA€ 3aBepIIeHHUs TOAYIIMKAQ HarHeTaHUS
B ITAACT BOABL.

Kaaccnpukanus TeXHOAOTHH BOAOTa30BOIO
Bospeiicteus (BI'B).

Hauboaee ucroabdyemoe BOAOra3oBoe BO3AeH-
crBue (BKAIOYaeT AByxX¢a3Hble [IeHHbIe CUCTEMBI, YTO
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ITO3BOASIET B HEKOTOPBIX CAyYasX OTHOCUTb BOAOIa-
30BO€ BO3AEHCTBHUE K IPYIIIE TEXHOAOTUH «CO3AAHKE
oTopouek> [2]) paccMaTpuBaeTCs Kak OAMH U3 Fa3o-
BBIX METOAOB YBEAHYEHH S HEPTEOTAAIH (MYH) Ha-
paBHE C BO3AECMCTBHEM HA IIAACT: YTAEBOAOPOAHBIM

rasoM; AMOKCHAOM YTA€pOA (CMemuBaromeecs HAU
HeCMeIINBAoIIeecs BHITeCHEHHE ); a30TOM H ABIMO-
BbiMu razamu [3] (pucynox 1). Ilpu atoM, ocHOB-
HBIM KPUTHKYEMBIM TOAOSKEHUEM SBASIETCS CMelle-
HHE KAACCHPHUKAIIMOHHBIX IPU3HAKOB.

TpeTHHEI® MeTOTEL

S HIHEO-XHMHEIECEHE R (0 ["azoBRIZ Teproraeckae EHOTEXEOTOTHIECEHE
I I I I
L N N [ N N | [ N N > 00
[ I I I I |
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2 2 = 2 -
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2 3 2 22| |27 |22
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PucyHok 1. Knaccundukauma TpetnyHbix MYH no [3]

AHTAOA3BIYHAS KAACCUPHKALINA TEXHOAOTHUH BO-
AOTa30BOTO BO3AEHCTBHUS IPEACTAaBAEHA B paboTe
(4], tAe Boipeaensl WAG — (water-alternating gas)
1 SWAG - (simultaneous water and gas) nponeccsr,
KOTOpBIe TIpeAycMaTpHBaioT pasaeabroe (WAG —
nporuecc) u cobmectHoe (SWAG - npornjecc) Harxe-
TaHHe BbITeCHSIONUX areHTOB (BOABI 1 Ta3a).

3aece WAG — mporiecc moppaspeAsieTcs Ha:

~ Miscible WAG injection (cmemmuBaromeecs Bbl-
TecHeHNe);

— Immiscible WAG injection (necmemmusarome-
ecsl BHITeCHeHHe );

— Hybrid WAG injection.

K mocaepneit pasnosupHoctrt WAG — mporiecca
OTHOCHTCS 3aKaYKa B [TAACT OOABIIION rA30BO OTOPOY-
KH ¥ HECKOABKHX HEOOABIIINX OTOPOYEK BOADI 1 Fa3a.

OcHOBOIT IIOCTPOEHMST AF060F KAACCUPUKALIUN
SIBASIETCSI OTIPEACACHHE.

Coraacao 'OCT P 53554-2009 «Ilowuck, passea-
Ka ¥ pa3paboTKa MECTOPOSKAECHUIT YTAEBOAOPOAHOTO
ChIpbst. TepMUHBI 1 OIIpeAeAeHHUS > BOAOTa30BOe BO3-
Ae¥iCTBHE Ha HeQTSAHOM MAACT 9TO «BBEACHHUE Yepe3

CIIeLjaAbHbIe HarHeTaTeAbHbIE CKBAKHHBI B HeTs-
HOJ [TAACT BOABI Ml yTA€KHICAOTO HAHL yTAEBOAOPOAHOTO
rasa AAS IOAAEPYKAHFS TAACTOBOTO AABACHHST> [S].
Boaee TOYHBIM SIBASIETCS OIpeAEA€HHE, 9TO
BoporaszoBoe BospeiicTsue (BI'B) — aro crmoco6
BO3AEMCTBUS Ha IIPOAYKTUBHBIN IIAACT IIPH paspa-
60TKe MECTOPOSKACHUIT HeQTH, IIPU KOTOPOM TIOA-
Aep>KaHHe M BOCCTAHOBAEHHE IAACTOBOTO AABAE-
HUSL, 2 TAKXKE S9HEPTETHIECKOTO M MATEPUAABHOTO
6aAaHCa OCYIECTBASIETCS 3aKAYKOM BOABI M Ia3a
(cMecu Ta30B) B pa3AMYHBIX COYETAHMSIX U MOAHU-
$uKanuIx.
ITpUHATO  WCIIOAB30BaTh  TPEXYPOBHEBYIO
kaaccuduxanuio rexnoaoruit MYH (nosbimenus
nedreorpauu naactos (ITHIT): meTop — rpynma
TeXHOAOTUI — TeXHoAorus. B Takoi cucreme Bo-
porazosoe Bosaeiicteue (BI'B) sBasercs rpynmoit
TEXHOAOTHM, OTHOCSIENCS K Ta30BbIM METOAAM I10-
BbIIIEHUS HePTEOTAAYH MTAACTOB [ 6], U TaK e, KaK
razoBoe Bospeticteue (I'B), kaaccupunupyercs:
IIO B3aMMOAENCTBHIO Ia3a C HEPTHIO U IO MCIIOAD-

3yeMOMY areHTy BbiTecHeHus (pucyHok 1,2).
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HPI/I HUCIIOAB3OBAHHUHU AQHHOI'O METOAQ, He(l)TSI—
HOM ra3 IT0OA BBICOKHM AQBA€HHEM IIPOHUKAET B HU3-
KO ITpOHHIIA€EMOE IIOPOBOE IIPOCTPAHCTBO ITAACTA
B KOTOPOM HAaXOAMATCA OCTAaTOYHAs He(l)Tb. Tem
CaMbIM ITPOMCXOAMT ITPOLIECC BBITECHEHHA OCTa-

TOYHOM HeQTH MOPOBOTO MPOCTPAHCTBA, KOTOPbIE
OBIAU HEAOCTYIIHBI IIPU HCIIOAb30BAaHHU 3aBOAHE-
HUs CKBaXXHHBL CA€AOBaTEAbHO, IIPU TOMOIIU AQH-
HOT'O METOAQ ITOAYYHMM 3HAYMTEAbHOE YBeAUYEHHUe
KoapPunuenTa HeQTEOTAAYH ITAACTA.

T'azoBeie METOIR | TELI0BRIE METOIL

T az0B0s BOIIEHCTEHE |
(IpOO0IAETE TLEAL JA5AMED [233)

TocTeanEITeTRELT

LemedT

Menkue
ofnomMEN

Nopbi

OBA0MHEK
3Ep0Ha

PucyHok 3. OctatoyHas HedTb B MOPOBOM NPOCTPaHCTBE HEDTAHOIO Nnacra

O6beM rasa, HEOOXOAMMBIA AASL 3aKAYMBaHUS
B HedTAHOI mAaacT (MpH aTMOCPEPHOM AABACHUM)
[9], MOXKHO OTpeAeAnTD CAEAYIOIUM 06pasoM:
* *
V_V pnﬂ Ku36) (1)
o z

rae V, — o6beM cyTouHOit A0GDbIuM (HEPTH, BOADL
¥ ra3a) B [AACTOBDIX YCAOBHSAX; P,, — CPeAHee TAa-
croBoe paBAenue; K, — xoadunmeHT n3bpITKA
o6’beMa rasa ¢ yueTOM paCTBOPUMOCTH €ro B HepTH;
z — KO3QPUIIMEHT CKMMaeMOCTH rasa
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IIpreMHCTOCTD CKBaXKHHBI OIIPEAEASIEM C IIOMO-
b0 POPMYABI:
11,8*kh* (PH(l22 — Pnn’ ) *z

2 - NG)
>(>l -
Hlig
r
rae V', — IIPUEMHCTOCTb; k- CpeAHsid MpOHHMIIae-
MOCTb IAACTa; h — 3¢ PpexTHBHAS MOIIHOCTD IAACTA;
D... — C AABAGHME HarHeTaHUe; P, — CpeAHee IAa-
CTOBOE AABACHHE; Z — KOIPPHUIIMEHT CKUMAEMOCTHU
rasa; {{ — AMHaMH4ecKas BA3KOCTb, R — moAoBuHa pac-
CTOSIHUS MEXAY HaTHeTaTeAbHbIMU CKBXKMHAMH; 1 —
PaAMYC CKBa)KHMHBL.
UncA0 HarHeTaeMbIX CKBaXKMH OIIPEACAUM
o popmyae:

n= V' (3)

3akauka rasa Iop BBICOKHM AaBA€HHEM MOTYT

pa3pabaThIBaThCsI 3aA€XKU C PA3AUYHBIM YPOBHEM
Y BUAOM 3aI1aCOB €CT€CTBEHHOM dHEPTIHUH.

T'AaBHOI OTAMYUTEABHOM 0COOEHHOCTBIO METOAQ
sIBAsIeTCS BbICOKasl 3QPEeKTHUBHOCTb BbITECHEHMS
CXKATBIM
30Ha Obpasyercss Ha rpaHuIle (HABTPYIOILIUXCS
B KOAAGKTOpe HepTH MU rasa,

ra3oM. Hep €XOAHas BBITCCHAOI A
CMEIINBACTCA
CBBITCCHACMbIM U HAHETA€CMbIM ar€HTAMU, OCAa6AHeT

HAN ITIOAHOCTbIO AMKBUAHDPYET IIPOTI/IBOAteICTBI/Ie

KaITMAASPHBIX CHA M 32 CYET BCETO 9TOTO IMPAKTUYECKH
IIOAHOCTBIO BBIMBIBAeT HePTb M3 IIOPOABI IIAACTA
B 30HE, OXBaueHHOM ITPO1IeCCOM. YPOBeHb AABACHNS,
I[P KOTOPOM BO3MOXKHO 00pa3oBaHuUe [IEPEXOAHOM
30HBI, HAXOAUTCS B HHTepBase 25-35 Mia,
a TaKKe 3aBHCUT OT COCTABOB IIAACTOBON HePTH
Y BBITECHSIIOIETO rasa.

HedITE
PucyHok 4. Mpouecc dunbTpaumnm
Hed TV Yepes3 ropHyo Nnopoay

HccaepoBaHue MOPHUCTOCTH M pa3Mep 3epeH
Ha ycraHoBke ITopusomerp PORG-2004.
Aas

B Aa6opaTopr1x HNCCACAOBAaHHNHN B Ka4yeCTBeE

IIPpOBEACHH 9KCIIEpHMMEHTA

opuMepa AAs OIpeAeAeHHs oOObeMa 3epeH
U 3HAUEHUs IOPUCTOCTH MbI MCIIOAB30BAAM
o6paser; ropHOi TOPOAbl (KepH) HM3BAEYEHHDIH
U3 CKBOXUHBI BAHKOPCKOTO MeCTOPOXXAEHUS.

1) Kaan6poBKa cHCTeMbI IOA H3MepeHHe 06'b-

eMa 3epeH.

Tabnunua 1. — O6beM KanMOPOBOYHbIX AMCKOB

Awnck No. AanHa MM Amnamerp Mmm O6bem cm®
3A 3,17 25,40 1,606
3B 9,46 25,40 4,793
3C 12,69 25,40 6,430
3D 19,00 25,40 9,627
3E 31,85 25,40 16,139
Hroro: 38,60
Tabnuua 2. — KannbpoBoyHaa Tabnuua
HagaapHOe Pacmupennoe
Axuck No. O65béMm cm’ AaBaennue psig (P,) | AaBaenne psig (P,) P /P,
1 2 3 4 S
ITycroit 0 98,1 8,6 11,407
1 1,606 95,4 9,8 9,735
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1 2 3 4 S
2 4,793 95,5 10,5 9,095
3 6,430 95,5 10,9 8,761
4 9,627 95,6 11,7 8,171
S 16,139 95,7 13,7 6,985
S+1 17,745 95,3 14,3 6,664
5+3 22,569 95,3 16,6 5,741
S+4 25,766 95,3 18,7 5,096
5+4+3 32,196 95,3 24,6 3,874
S+4+3+2 36,990 95,3 32,3 2,950
O6beM KaAMOPOBOYHBIX AMCKOB HAXOAUTCS Hsmepum pasaenus P, u P, Aas Bcex kaambpo-
1o popmyae: BOYHBIX AMCKOB M UX cOueTanwuit (Taba. 2).
1-d Haiipem otmomenue P /P, mocrpoum xpu-
Viser = I:CM ] (4) L2
4-1000 BYIO 3aBucuMOCTH P, / P, or obbeMa 3epeH AMCKOB
(puc. S) 1 noAyanm ypasHeHue npsmoii (Taba. 3).
40
35 L y =0,0685x® - 1,2714x2 + 2,067x + 39,76
R2=10,9983
30
025
Q
o 20
£
315
o
=10
5
0 ‘ | ‘ | :
0,00 2,00 4,00 6,00 8,00 10,00 12,00
P1/P2 (psi)
PucyHok 5.
Tabnuua 3. - K03¢¢V|U.V|(U3HTH P /P, u 06beM AMCKOB HaiipeM o0beM 3epeH
N3 ypaBHEHMWS NPAMON 110 opmyae:
A B C D , ,
0,0685 | -12714 | 2,067 39,76 Vo A_( B j .\ B_[ B j .
2) Onpepesenne o6bema 3epen (Taba. 4). W P, P, (5)
Wsmepum paBaenns P u P, aas Beex 06pasuos, p 2
u Haiipem oTHomenume P /P, Mcroarsys +C'(F:] +D =V, [CM :'

KO3 PUIIMEHTHI U3 yPaBHEHUA ITPSIMO, OTHOIIIEHHe
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Tabnuua 4. — Pe3ynbTaTbl UBMEPEHUS

Ne P P, P /P, Awnckn O6pem pancka | O6bem 3eper
1 21,2 4,495 2E 16,139 13,44

2 24,9 3,827 2A+2FE 17,745 14,83

3 24,1 3,954 2A+2E 17,745 14,18

4 243 3,922 2A+2E 17,745 14,70

S 95,3 24,4 3,906 2A+2E 17,745 14,35

6 23,5 4,055 2A+2E 17,745 13,36

7 26,3 3,624 2A+2B+2E 22,538 11,07

8 24,7 3,858 2A+2E 17,745 14,67

3) Onpepesenne nopucroctu (Taba. S).
Wamepum puametp d, poauny |, HatiaeM 06beM 06-

Hcnoas3yst 06eM 06pasija 1 06beM 3epeH, Hail-
A€M IIOPUCTOCTD 110 opMyAe:

pasija mo popmyae: V.-V,
. _l-dz-ﬂ[ 3 © m=w~100% 7)
= 41000 oo
Tabnnua 5. — PacyeT nopucTocTun

Ne | Aauna obpasma, MM | Amamerp o6pasma, Mmm | O6bem 06pasna, cm’ INopucrocTp%
1 32,82 25,18 16,24 20,45

2 36,14 24,62 17,20 13,81

3 37,41 2491 18,23 22,21

4 37,41 25,15 18,58 10,73

S 33,68 24,65 16,07 10,22

6 36,00 24,92 17,56 22,18

7 29,43 25,05 14,50 22,53

8 37,41 25,04 18,42 20,36

4) Onpepesenne NAOTHOCTH 3epeH (Ta6A. 6).
M3mepum Bec cyxoro obpasua G, HCIIoAb3ysi Bec

1 00'beM 3epeH, HaliAeM IIAOTHOCTD 3epeH 110 GpopMyAae:
G

Paep = v (8)
Tabnuua 6.

Ne  Bec cyxoro ob6pasnma IIaoTHOCTD 3epeH
1 34,23 2,55

2 38,69 2,56

3 37,91 2,61

4 37,93 2,58

S 36,16 2,45

6 35,82 2,55

7 29,18 2,59

8 38,82 2,59

3akarouenne: B Hacrosmee Bpems mporecc
IpUMeHEeHHUsS BOAOTa30BOr0-BO3AEHCTBUS Ha HedTe-
ra3oBbIX MECTOPOXKAEHHAX HU3Kasl. AAHHBIN METOA
IPeAOTBpAIaeT MPOPBIBBI raza B AOOBIBAIOIIME
CKBa)KMHBI M YBEAMYHBAET KOAUYECTBO M3BAEKae-
Mo HePTH.

OmnpepereHHbIE TOKA3aTEAN IOPUCTOCTH TTOKA-
3bIBAIOT BO3BMOXXHOCTD, KaK ITPU Pa3AMYHbIX O0beMax
TOPHOM IIOPOABI MOXXHO ITPOBOAUTD 3aKAUKY BOABI
U Ta3a C IIeAbIO YBeAMYeHHUS PUABTPAIIMOHHO-EM-
KOCTHbIX CBOMCTB TOPHBIX ITOPOA.

AaHHBII METOA, He CMOTPS Ha IIOAOXKHUTEAbHbIE
Pe3yABbTATbI, IOAyYeHHBbIE IPH AAOOPATOPHBIX UCIIbI-
TAHUAX U B IPAKTHYECKOM IIPUMEHEHHH B HEKOTO-
PBIX MECTOPOXKACHHAX HYXKAACTCS B AOTIOAHHTEAD-
HbIX HCCAGAOBAHUSAX U H3yYEeHUHL.
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MATHEMATICAL MODELING OF THE PROCESSES OF
OBTAINING PURE ISOBUTANE AND ISOBUTYLENE FROM
THE HYDROCARBON FRACTION OF PYROGAZ C,

Abstract: As a result of scientific research, a method has been developed to increase the purity
of isobutane and isobutylene fractions isolated with sulfuric acid from the isobutane-isobutylene
fraction of the pyridyl gas.

In the paper, it was proposed to introduce into the plant technological scheme the separation
of isobutane and isobutylene hydrocarbons from the C, fraction of pyrogas of adsorption plants,
which proved the production of isobutane and isobutylene hydrocarbons of high purity up to 99.9%.

The main reactions were investigated and a kinetic model of the processes of obtaining pure iso-
butylene and isobutane was developed.

Keywords: isobutan, isobutylen, pyrolysis gas.
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MATEMATU4HECKOE MO EJINPOBAHUE NPOLIECCOB
NONTYHEHUA HNCTbIX UBOBYTAHA U USOBYTUJIEHA
U3 YIJIEBOAOPOAHON ®PAKLMU MNPOTA3A C,

Annoranms: PaspaboTaH MeTOA IOBBIIIEHST YUCTOTHI PPaKLUil U300y TaHA 1 U300y THAEHA, BBI-
A€A€HHBIX C IOMOIIBIO CEPHO KUCAOTBI U3 U300y TaH-U300y THA€HOBO PpPAKIHY IIMPUAU3HOTO ra3a.
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HpeAAOXEHO BHEAPEHHE Ha 3aBOACKYIO TEXHOAOTHMYECKYIO CXEMY BBIACACHI YTAEBOAOPOAOB N30~

6yTana u u3obyTuseHa u3 Gppakiuu C, maporasa aACOPOIMOHHBIX YCTAaHOBOK, C TIOMOTIBIO KOTOPBIX

AOKa3aHO IIOAyYeHHe U300yTaH 1 U300y THAEHOBBIX YTAEBOAOPOAOB BBICOKOH YUCTOTHI A0 99,9%.

HCCACAOBaHbI OCHOBHbI€ pE€aKIINH 1 pa3pa60TaHa MaTeMaTH4IE€CKas MOAEAD ITPOLIECCOB IIOAYIEHHA

YUCTBIX U300y THAEHA 1 U300YTaHA, C YYETOM PELIUPKYASILIUH.

KaroueBbie cAOBa: 1300yTaH, U300y THUAEH, THPOAU3HbII ra3.

PasBuTne XMMHYECKON IPOMBIIIAEHHOCTH CO-
IIPOBOXAQETCS PE3KHM YBeAUYeHHEM IIPOH3BOACTBA
CHHTETHYEeCKUX BOAOKOH, ITAACTMACC, KaydyKa, MO-
IOIINX CPEACTB M APYTUX IIPOAYKTOB, OCHOBHBIM CbI-
PbEM AAS ITOAYUEHHUS] KOTOPBIX CAYXKAT U300y THAEH,
6ensoa u Ap. Bospacraromie HoTpeOHOCTH IKOHO-
MUKH B YHCTBIX H300yTaHe U H300yTHAeHE TPeOYIOT
Pa3paboTKy HOBBIX 9 PEKTUBHBIX METOAOB X ITOAY-
4eHHS U3 AOCTYITHBIX HCTOYHHKOB ChIPbSI-TIPOAYKTOB
nupoansa. MaTeMaryeckiie MOAEAH 00eCrednBaroT
YCIIENTHOCTb PeIleHUH 3aAQY OIITUMHU3AIIH, IIPOEKTH-

\\/4

A
I 5
R

POBaH¥sI, YIIPABACHISI ¥ MACIITAOMPOBAHIUSI XUMUYe-
CKHX [IPOLIECCOB, YTO ITO3BOASIET B KPATUAIIINe CPOKU
IIEPEXOAUTD OT U3yYeHUsI PeaKLHil B AaDOPaTOPHBIX
YCAOBUSIX K € IIPOMBIIIACHHOMY BHeAperwio [ 1-3].

Hay4Ho 060cHOBaHa BO3MOXXHOCTD [TOAYYEHUS
YHCTHIX M300yTaHa ¥ U300y THAECHA U3 YTAEBOAOPOA-
Hoi ¢ppaxumu C "

Pa3paboTaH MeTOA [TOAYYEeHYsI YUCTHIX U300y Ta-
Ha 1 N300y THAEHA, BHIACACHHBIX C IOMOLIBI0 CEPHOI
KHCAOTBI U3 U300yTaH-U300YTHAEHOBOM PppaKiuu
nupoaunsHoro raza C,.

PucyHok 1. MpuHumMnuanbHas TEXHONONrMYeckasi cxema MeToga BblaeseHns
n3obytaHa 1 n3obytuneHa ns yrnesogopoaHon ¢ppakumm C, nuporasa: 1 - cknag,
YyrneBoaopoaHoN dpakuumn, 2, 3 — peakTopbl-OTCTOMHUKK, 4 — COOPHUK, 5 — rmaponmaHas
KONOHHA, 6 — cknag CepPHON KUCNOThI, 7 — PEKTUPUKALMOHHAA KONTOHHA

PazpaboTaHbl KMHETHYECKASI X MATEMATHYeCKasI
MOAEAU TIPOLIeCCOB MMOAYYeHUsI U300y TaHA U U30-
OyTHAEHA AAS TPOLIECCOB, TPOUCXOASIIUX B TEXHO-
AOTHYECKOH yCTaHOBKE BHIACACHHUS YTAEBOAOPOAOB
n3obyTaHa M M300yTHAEHA U3 YTAEBOAOPOAHOM
¢paxynu C,.

[TpuBepeHa TeXHOAOTHYECKAS CXeMa H ee OIIHCa-
HIe TIOAYYeHHUS YUCTBIX N300y TaHa U U300y THAeHEe
M3 CMECH yTAEBOAOPOAOB ppakiuu C, miporasa.

M3BaedyeHne n306yTrAeHa IPOU3BOAUTCS 60%-
HOM CEpPHOM KHCAOTOM IIOCA€AOBAaTEABHO B 2-X
IIOTAOTUTEABHBIX CHCTEMAX, COCTOSIIUX KaXKAas
U3 CMECUTEABHOIO HACOCa, OTCTOMHMKA-PEaKTOpa
U XOAOAMABHHKA.

N306yTaH-u300yTHAeHOBasT PAKLUSI [TOCTY-
IaeT B PeaKTOp 2, B KOTOPbIM TaKXXe MOCTyTaeT
YaCTUYHO HACHIIIEHHAsl CepHas KHCAOTA, a CBeXas

60%-ast cepHasi KHCAOTA IIOCTYIAeT B peakTop 3,
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KYAQ TOAQETCS TaKXKe YTAEBOAOPOAHOM PppaKLUH
nuporasa C,.

B peakrope 1306y TaH-1300y THAEHOBAS PpaKIjKs
CMEIINBAETCS C CEPHOM KHCAOTOHM U 0OPasyloTcs
U300yTHACEpHAsI KUCAOTA U H-OyTHACEpHAS KUCAO-

CH.

Ta. /\aAee HaCbIIIeHHas CepHasl KUCAOTA IOAQETCS
Ha THAPOAU3, OTAEASIETCS U300yTHAEH OT CEepHOM
KHCAOTBL. OCHOBHbIE peaKIIuy, HAYIIIHe B peaKTopax
2 u 3, caepyromue.

ci,

CH, =~ C=CH, + 11,50, === Cli, ¢ -0S0.0ll.

CH

. g o CH =CH. - y U~ CH ., - CH —CH,,
Cll —CH, ~CH =CH, 4 H,S0, &= CII, . ,

CH.—CH, -CH =Cli, + H,SO, === CH, ~CH_ -

i CH.

0S0,0H
CH - CH.
|
0SO.0H

I

I - CH CH L = C = OSO O —> CH - C = CH = CHL o+ 1,80,
. 1 i .

(IR

CI, CIH .,

CH —C = ClL = CHL = C=OSO,0H =% CH = C=CH, -
' ' |

CH.,

CH

CH,
| |

Cil it

CH.

c' — I+ 1 SO,

CH. e
ci.

CH ~C=CH .+ CH, —C - OSOO0HF = CH ~C=CIH-C=CH + 11,50,
. . : A 1 '

CH.

CH |

CH. CH,

Clf,

| L o
CH.,—-C-0S0O.OH + H,Q0 &= Cl{, —(_I - OH + H,50,
l :

CH.

IloAyueHHast HA OCHOBE 3TOrO MeXaHM3Ma pe-
aAKIIUM KUHETUYECKasi MOAEAb IIPOII€CCOB IOTAO-
ImeHusl U300yTHAE€HA, AUMEPOB U HOPMAaAbHBIX
OyTHAEHOB CepHOM KHUCAOTOM, COCTOUT U3 CACAY-
IOIIUX YPaBHEHHUM:

E
C =C, expq—k; exp bz(Ck—40)—ﬁ De | (1)
yen

(2)

E3
C, =k, exp a,(C, —40)—R—; T,

E
C,=C, expq—k,exp az(Ck—40)—R—3; Dae £ 1(3)
v

yen

rae C,,C —HavaAbHAs ¥ IIepeMeHHAsI KOHIIEHT AN

$paxiuy,
MOAB/AM?; V., — pacxoa 06BéMa yrAeBOAOPOAHOM

M300yTHAEHA B  YTA€BOAOPOAHOI

CH.,

dass;, AM?/4; v, — OOBEMHBII PacXOp KUCAOTHOM
daspr, aM*/4; E 5 — apPpexTrBHASL SHEPIHS aKTHBa-
MK, KKAA/MOAb; K; = MpeAdKCIIOHEHIMaAbHBI
MHOKHTeAb, MOAb/ AM?; C) — KOHIIeHTpaw¥is cepHOil
KHCAOTHI, Mac.%; 4,,d,,b, — xoaduuments! npo-
nopuuonaabHocTy; T — Temneparypa, K; C, — kon-
IleHTpaLust 06pa30BaABIINXCS AUMEPOB U300y THAEHA
MoAb/AM?; C, — KOHIIEHTpALKs HOPMAAbHBIX Oy TH-
AEHOB B YTAEBOAOPOAHOI dpase, Moab/AM?; C, — ux
HaYaAbHAs KOHIeHTpanust, MoA/ AM%; k) — npusesen-
Hasl KOHCTAHTa CKOPOCTH PeAKIIUU 0Opa3oBaHUs AU-
MepoB, MOAb/AM?; k, — NPeAIKCIIOHEHIIMAABHBIN
MHOXXHTEAB, MOAb/ AM®; T — BpeMsI peaKIiuHL.

C moMOoIbI0 9THX YpaBHEHUI IIPOBEACHBI pac-
4ETBI IIAPAMETPOB, HEKOTOPbIE PE3yABTATBI KOTOPBIX

IIPHUBEACHDI HIDKE.
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PCSYAbTaTbI paC‘IéTOB 0Tpa>KeHI>I Ha (pI/ICYHKaX
2-5).

I/IB (pI/IC 2) BHAHO, YTO C TCUCHUEM BpeMEHI/I KOH-
LIeHTpanus U300y THAEHA B YTACBOAOPOAHOM Pppax-

C, MOTB/TM 4

.3‘..,:'.‘ e
3

IIMU Pe3KO YMEHBIIAeTCSI U IPUOAIKAETCS K HYAIO.
Camoe peskoe yMeHblIeHHe KOHIJ@HTPALUU H30-
OyTHAEHA AOCTHUTAeTCs IIPU CACAYIOMIUX 3HAYCHUSX
yTpaBAsieMbIX ITapaMeTpPOB:

il = g
10
T, ac

PucyHok 2. 3aBUCUMOCTb KOHLIEHTPpaLuM N300yTueHa B yrneBoaopoaHOwm
dpakuum oT BpEMEHW 1N NapaMeToB, BAUSIOLLIMX HA peakuuto

1,2 u 3 kpussie pyukuuu C(7) cOOTBETCTBEHHO IpH

MHMHHMAaAbHOM, MAKCHMAAbHOM U CPEAHEM 3HAYeHHUAX

v = 3

napamerpos — C,,T,—* C , C, =5 moab/AM?,
yen

T =327K,$=0,7 C,=0,6 (mac%). Yepes wuac

II0CA€ HaYaAa IIpoljecca KOHIJeHTPais 300y THAeHA
AOCTHTaeTCs MOYTH AO HyAS, a NPH 3HAYEHMAX
C, =2,5moap/aAM, T=309K, B =0,2,C =0,52 ona
AocTHraercs yepes S 4acos.

i
(i [
MOIB/IM® 1 /
o -/,‘
e _.//
. /o"'
o ~* /S —
g2,
— ———
- B T, 4ac

PucyHok 3. To xe, 4TO 1 Ha PUCYHOK 2, Ans KOHLUEHTPaunum auMepoB
B YrneBo40pOLAHON ppakummn

Ha (puc. 3) oTpaxeHbI OKa3aTeAH 3aBHCHMOCTH
06pa3oBaHIs AUMEPOB IIPH U3BACIEHUN U300y THAE-
Ha CEPHOM KMCAOTOM U3 U300y TaH-M300y THAEHOBOI
pakiuK IMporasa OT BpeMeHHU U IIAPAMeTPOB PeaK-

i, BuaHO, 4TO IOAyYeHIE AIMEPOB B 9THX YCAOBH-

SIX HeOOABIIIOE, T. €.B TOPSIAKE C, = 107* MmoAB/AM>
MakcumaAbHOE KOAMIECTBO AUMEPOB ITOAyYa€eT-

campu C =0,6, T =327 K, 7 =12 4acos, B koauye-
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ctBe C, =90,75-10"* MoAb/AM?, a MHHHMMaAbHOE
xoamdectso ipu C, = 0,52, T =309 K, 7 = 12 9acos,
B KOAMYECTBE ) 8.10 ¢ MOAb/AM>

Ha (puc. 4) mokasaHo, 4To HOpMaAbHbIe 6yTH-
A€HBI B [IPUBEACHHDIX HA PUC. YCAOBHSX IIOTAOIIA-

3
C.. MOAB/IM +

IOTCSI CEpHOM KHCAOTOM KpakHe MepAeHHO. B Teve-
HUe 12 4acoB peaKIjuu KOHIIEHTPALHs H-Oy THACHOB
YMEHbBIIAETCS B YTAEBOAOPOAHON (PpaKIMK BCEro
Ha 0,1-0,5 Mac.% MO OTHOIIEHMIO K UX HAaYaAbHOM
KOHIIEeHTPaIlHH.

20

y
+

Ls -

L4
*

a5 .

<} B 10 12 T . uac

PuncyHok 4. To xe, 4TO 1 Ha PUCYHOK 2, /151 KOHLLEHTpaLmMmn
HOopMasbHbIX OYTUNEHOB B Yr/1IEBOAOPOAHON dpakumm

Kak BuAHO 13 (puc. S), C IOBbIIIEHNEM TeMIepa-
Typsl oT 309 po 327 K n3MeHeHMs KOHII@HTpALUH
U300y THAEHA AUMEPOB U H-OYTHAEHOB HAYT COBEp-
IeHHO 1o pazHoMy. [Ipy OCTOSHHBIX CpeAHMX 3Ha-

— 3
YeHusAXymnpaBAsembixnapamerpos C =3,75moan/Am?,

C k] Cg; CH,
MOJIB/ M

05
2

P

P | s

C =0.56, B =4S, C,, =1.62 Moab/AM> 1 Yepes yac
IIOCA€ HAa9aAd PeAKIHH IIOAYYAETCsI CACAYIOIIIee ITOAO-
KeHHe: Ipu Temrieparype peakin 309 K, gepes gac
OCTaTOK U300yTHAEHA B YTAEBOAOPOAHOIL pase co-
craBasier 0,68 MOAb/ AM>

305 310 315

320 325 330 I.K

PucyHok 5. 3aBMCMMOCTb KOHUEHTpauun naobytuneHa (1), ammepoB
(2) n HopManbHbIX OyTUNEHOB (3) OT TeMrnepaTypbl peakuum

Apyrasi KapTHHA HAOAIOAQETCST AASL CAyYasi BAHIS-
HUS TEMIIEPATYPBI HA KOHIIEHTPALIHIO H-Oy THACHOB.
B arux ycaoBusix usmenenne C, mpakTUYecKyu He Ha-
6atopaercs. Takum o6pasom, dopmyast (1) — (3)
aAeKBAaTHO OIIMCHIBAIOT PACYETHbIE U IKCIIEPHMEH-
TaAbHble AaHHBle. OHM OTAMYAIOTCS, B CpPeAHeM,
MmeHee Ha 10-Tu mac.%.

Taxkum 06pa3oM, OTPasKeHbI PE3YABTATHI HCCAE-
AOBAaHUI IPOLIECCOB AACOPOLUM U3 IIUPOAU3HOTO
rasa OCTaTKOB M300yTHAeHa, H-OyTHAEHOB U BBIC-
LIIMX YTA€BOAOPOAOB U PEIIEHBI CACAYIOLINE 3aAAUH
AASL 9THX IIPOLIECOB: BBIOOP aACOPOEHTOB, MOAEAH-
pOBaHMe MPOLIECCOB, AHAAU3 IKCIIEPUMEHTAABHOTO
MaTepraAa, pacy€Thl IAPAMETPOB, OIIPEAEACHHE OII-
THMaABHbIX PEXKIMOB.
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Kassimov Azad Tursibekovich,
E-mail: azad.kassimov@mail.ru

PROBLEM OF “A DARK MATTER” AND “DARK ENERGY”
NOT IN WEIGHT AND A, IT IN THE LAW OF NOT EXPLOSIVE
PERCOLATION AND INCORPORATED THERMODYNAMICS

Abstract: In work ideas of “a dark matter” and “dark energy” are analyzed, the mechanism of Ro-
tation of spiral galaxies, changeability G speaks. New ideas about an origin and the reasons of coher-
ence quantum, numbers 137, homochirality, DNA of a live cage, extremely small value A, border of
a principle of equivalence, evolution and of fine-tuning of the Universe are developed. Incorporated
thermodynamics, superfluidity, coherence of Constant thin structure and entropy, and also an at-
traction and pushing away of rotating sphere is shown.

Keywords: Gravitation constant, cosmological constant, dark matter, dark energy, Entropy, percola-
tion, homochirality, DNA, thermodynamics.

Kacumos Asad Typcubexosuy,
E-mail: azad.kassimov@mail.ru

NPOBJIEMA «TEMHOWU MATEPUU» N «TEMHOWN SHEPTUW»
HE B MACCE U A, OHA B SAKOHE HEB3PbIBHOI'O
NMPOTEKAHUA U OBLEAVNHEHHOU TEPMOANHAMUKU

AnnoTtanusi: B pabore aHAAMBHUPYIOTCS HAEH <TE€MHOM MAaTEPUHC U «TeMHOH JHEPTHUM>,
00BSICHSIETCSI MeXaHU3M BpamieHns ciupaAbHBIX FaAAKTHK, TepeMeHunBoOCcTH G. PazpabarsiBaroTcs
HOBbIE HAEH O MMPOMCXOXXAEHHH U IMPUYMHAX CBS3aHHOCTEN KBaHTA, YucAa 137, rOoMOXHPaAbHOCTH,
AHK >x1BO#1 KA€TKH, Ype3BbIYAHO MAAOTO 3HaYeHMs /\, IpaHuIle IPUHIIUIIA SKBUBAACHTHOCTH,
TOHKOH HacTpoiiku Bceaennoitl. IlokazaHa oObeAMHEHHAss TEPMOAMHAMUKA, CBEPXTEKydeCTb,
CBSI3aHHOCTD I I0CTOSHHOM TOHKOM CTPYKTYPBI M SHTPOIIMH, A TAKXKe IPUTHKEHHS U OTTAAKMBAHUSA
Bpalaromencs cPpepsl

KaroueBble cAOBa: IOCTOSTHHAS IPABUTAIIMH, KOCMOAOTHYECKAs! IIOCTOSIHHAS, TeMHasl MaTepHs,
TeMHas 9Heprus, suTponus, nporekanue, AHK, repmopnHamuxka.

BBeaenne m aHaAam3 mpobaem. Hecmorpss  yxe 06CYXXAQIOT B OCHOBHOM TOHKHE 3 {eKTsI,
Ha TO, YTO TPABUTALIUSA SABASETCS, BEPOATHO, HAU-  HE TPOras yCTOSBIIMECS IMPEACTABACHMS, KaXKeT-
boaee mMUPOKO padpabaTbiBaeMOrl TeMOIl B $U3H-  CsI, B HEH BCe elje CYIeCTBYIOT HesCHble BOIPO-
Ke, XOTSI TEOPETUKHU 1 9KCIIEPHMEHTATOPbI AABHO  CBI, IPOSICHEHIE KOTOPBIX MOTAO 6ObI MOTPebOBaTh
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IepecMOTpa HEKOTOPBIX OOIIeIIPHUHSTHIX TOAOXKe-
HUH (napaAnrM) , CUHTAIOMUXCS QYHAAMEHTAAD-
HpiMH. K mpuMepy, A0 cux Iop He SCHO, YTO TaKoe
«TeMHas MaTepusi> U «TeMHas sHeprus>. [Tocae
obOHapy>KeHUs] yCKOPEHHOTO pacumupeHus Beeaen-
HOM BO3MOXXHOCTb AOOABKM HOBOI'O KOMIIOHEHTA
B CTAaHAAPTHYIO KOCMOAOTHYECKYIO MOAEAb OKa3a-
AACh HESICHO, TaK KaK OOHapy>KeHHOe YyCKOpeHHe
okazaaoch nepemenHsM | 1]. C Apyroit cTropomsy,
IIOAXOABL K PelIeHUI0 IMpobAeM OrpaHHYUBAETCS
napapurmamu. Ho, ecan ABe Teopun, cunraromu-
ecsi yHAAMEHTAABHBIMH, AAIOT IPEACKA3aHus, OT-
AVYAIOLIHECS MEXAY coboit Ha 120 MIOPSAKOB, TO,
HanpuMmep, Bpamienne ciupaAbHBIX TAAAKTHK MBI

04

CKopocT

BBIHY>KA€HBI U3y4aTb NPSIMO U3 IOBEASHHS IIPH-
POAHOM TPAeKTOPHH ee BeTBeM U AUCKa.

Anaaus HpO6AeMbI 1: CambIit «TPOMKHH 3BO-
HOK>, MOKAa3bIBAIOIIUMN SIBHOE HE COOTBETCTBHUE
IpUMeHeHHUsl MAacChl U3 CYIeCTBYIOIell TeOpHH
TPABUTALUH AASL OO'BSICHEHHSI ABYDKEHUIT IIPUP OABL
IpHUIIEA U3 CIIUPAABHBIX raaakTuk. Habaropaembre
IIOBEACHHS BETBEN U CKOPOCTEM YacTHI] He COBIIa-
Aaau [2; 3; 4] ¢ oxmpaeMBIMH, TTO IIPeACKa3aHHUAM
Kenaeposckoit punamuku [ 5] (pucynox 1): (Cko-
POCTD BpalljleHHs CIIMPAAbHOM FraAaKTUKHU: A- IIpeA-
ckazaHHas o Kemaeposckoit ounamuke, B — Ha-
6aropaeMas). OTMETHM OCHOBHBIE MOMEHTHI:

-
-
=
---.,l!ﬂ

=

PaccToAHWE

PucyHok 1

1. Pemenue mpo6AeMsl IIOLIAO IIO IIYTH <«HAH-
MEeHbIIero u3MeHeHUsI PU3NIECKUX 3aKOHOB>, BMe-
CTO M3yYeHHUsd aHOMaAMH. 2. Beiao mpunsTO, 4TO
BHHOBHUIIE MX aHOMAABHOTO TTIOBEAEHHS SIBASIETCS
AOTIOAHUTEAbHASI MACCa, BHYTPH TaAO.

ITo MHeHHUIO aBTOPA, ITOM ITPOOAEMBI AAS TPUPO-
ABI He CyIIeCTBYeT 110 AByM ITpu4uHaM: Bo-mepspix:
Bpamenue cnmpaAbHBIX TAAAKTHK TTOKA3bIBAET, YTO
Macca He TPHUTATUBAET OOBEKTHI HA ee BeTBSIX KaK
no Hriorony. I1ockoAbKy, «... 3aBUCMMOCTb CKO-
POCTH BpallleHUs TAAAKTHIECKUX 00BeKTOB OT pac-
CTOSHHSL AO IIEHTPAa TAAAKTHKH OIPEACASIOTCS
pacIpeaeAeHHeM MAacChl AAHHOM FaAaKTHKU U AAS
cdepruecKoro o6eMa C pAAUyCOM 7, B KOTOPOM 32-
KaroueHa macca M () 3apaeTcst COOTHOLIEHUEM:

V(r)=[G*M (r)/r]"?

I'ae: V — ckopocTs Bpamenus, r — papuyc, G — mmo-
cTosHHas rpaBuTanuu, M — Macca« [ 6], To HeaocTa-
IOIIasi MACCA CTAAQ HA3BIBATBCS <« TEMHOM MaTepHeii>,
0e3 pa3yMHO OOBSICHIMOTO MeXaHH3MAa ACFCTBHUI.

BosHukaer BOIpoc — moyeMy MMEHHO Macca,
a, HanpuMep, He G, ecau oHa Hesudumas?® Bupumo,
HY>KHO OBIAO «Iaparolnyio>» KermaepoBckyro yacTb
rpaduka KpUBOM BpalleHHs TIOATOHKON 3HAaUYeHHUs
MacCChl MMOAHSITb XOTsI Obl HAITOAOBUHY B CTOPOHY
«CTOsT4e>» 4acTH OMAEPOBCKOTrO JKECTKOTO AC-
Ka. [Toaxop K pemeHuro mpobaeMsl 6bIA 06pammubiii
pu3IIeCKOMY IPUIUHHO-CAEACTBEHHOMY — He IIPU-
YMHA IPEACKA3aAd CAEACTBHE, a HA000pPOT, CAea-
CTBHe BbIOpAAO MacCy B BUAe IpU4HHBL [1oaTomy,
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TeOpHH, pa3pabaThIBAIOLIUe 10020HKY 3HAYEHIUSI MaC-
CBI AOAYKHBI CIUTATHCSI OOPATHOM 3aAauelt, a OHM, KaK
H3BECTHO, He UIMEIOT eAUHCTBeHHOCTH pemmeHust. O6-
BHUHEHHE MacChl 32 AHOMAAUIO ITOBEACHHS CITUPAAD-
HOW TaAQKTHKH IIPOTUBOPEYHT IIOBEACHHIO He IIPH-
TATHUBAIOMIMXCS Macc, B koabliax CarypHa, B Ilosce
ACTeporAOB U 9K30IIAAHET.

Ho, mpo6aeMsI Teopuu 9TUM He KOHYAIOTCS, Ha-
IpHMep, HOYTH BTUXOMOAKY IIPOCKAAb3bIBAET IIPObAe-
Ma coceaku M (r) o popmyae, — G, € ycTaHOBACHHEM
TOYHOTO 3HAYEHHSI, U3-32 «HEIMOCTOSHCTBA> ITOCTO-
SIHHOM, OCTaBIIerocs o4TH Ha ypoBHe BpeMeH Kapen-
auma. CpaBHHTEABHO HeAaBHO B peBpase 2014 roaa,
Ha 3aceAAHHH ITePeAOBbIX 9KCIIEPUMEHTATOPOB MHUpa
B AOHAOHCKOM AKapeMHHU HayK, ObIA IIOCTaBAEH BO-
poc 06 ouepedHom nepecmompe OOIIEIIPUIHAHHOTO
3Ha4YeHHUS I'PaBUTAlIMOHHOM ITOCTOSHHOM (M [7].
OaHako, camast pu3NIHasL <IOCTOsAHHASI»> (3, UMeeT
TOYHOCTD BCETO TpeX 3HaYaIux yuceA. OO bscHeHMs
aBTOpa 10 M0BOAY G AQHBI B IIPEABIAYIINX PaboTax
M 3A€Ch B AOTIOAHEHHOM BHAE IIOCAE (pncyHKa 4).

Bo-BTOpHIX, IO MHEHHMIO aBTOpA, ABIIKCHHS
B CIIPAAbHbIX TAAAKTHKAX BOBCE He 00S5I3aHBI OBIAK
noaunHAThCsE KermaepoBckoil AMHAMUKe, TaK Kak
B HUX AEHCTBYeT HEeHM3BECTHBIM AO CHX Mop $peHo-
MEH — He83pbl8Hoe npomekaiujee 83aumodeticmaue.
Xapakrep pacrpepeAeHHs CKOPOCTeH YacTHI] IPU
9TOM B3aHMOAEHMCTBUU HAXOAUTCS Mexdy TIOBeAE-
HHeM PaAHAAbHbIX YaCTHI] BpalllaloIerocs XecTKo-
IO AMICKA, TA€ CKOPOCTHU OTIPEAEASIIOTCS 110 POpMY-
Ae Diiaepa (OTpeBOK IIOYTH BEPTHKAABHOMN YaCTH
Ha PUCYHKe 1), u ckopoctamu no Kenaeposckoit
AuHaMEKe (HUCIAAQOITAs BETBb IIOCAE « 6yrpa>>).
OTO CBSI3aHO C TeM, YTO CIIMPAAbHbIE TAAAKTUKHU Ha-
XOAATCS B APYTOM, dzpe2amHom cocmosnuu. B otau-
gyre oT CoAHeYHOM cucTeMbl, TAe 3akoHbl Kemnaepa
YCTaHOBAEHBI, B UX LIEHTPe HAXOAUTCS «0aAAX>,
KOTOpBI pe3ko oTandaeTcs oT CoAHIla, B YaCTHO-
CTH TeM, UTO OH npomekdem. BUpAMMO, « ... CHABI
TATOTEHMUSI 3aBUCAT OT TeMIlepaTypbl B3aUMOAEH-
CTBYIOLIUX TEA — YMEHbULAIOMCS C POCTOM UX ab6CO-
AIOTHOM TeMmmeparypsi>» [8].

BoiBoABI 13 aHaAuM3a mpobaemsr 1: BpIxoawur,
yTO 3akoH mazomeHus Aast Bceaennoit ve odun. Io-
Ay4aeTcsl, YTO CIHMPAAbHbBIE TAAAKTHKH <)KHBYT>
10 HeU3BECTHBIM HaM AO CHX IIOpP KOCMHYECKHM 3a-
koHaM. [ToaToMy, He yMaAsis 3aCAYT HCCAeAOBATeALH,
HY>KHO [IPU3HATB, YTO IPOHAEMA «HEITOCTOSIHCTBA >
IIOCTOSIHHBIX M <HEBUAUMBIX> MAaCC ITOKa3bIBaeT
Henpuzo0HoCMb OCHOBBI H3BECTHBIX TEOPHI TSIOTe-
HISI AASL CIIMPAABHBIX FAAAKTHK.

AHaAu3 IpOOAEMBI KOCMOAOTHYECKOI ITOCTOSIH-
Hoit A: CymecTByeT $aKT — «HAAUYHS IPOTUBOpe-
9 MeXAY IPEACKa3aHHUAMU ABYX GYHAAMEHTAABHBIX
¢usmyeckux reopuit: OTO u kBaHTOBOM PU3NKM >
[9]. Tak «Beanuuna A cOOTBETCTBYeT MAOTHOCTH
sHepruu Bakyyma 5.98 - 107'° Asx/m’ ... TTo Muenuro
MHOTHX (U3UKOB, 3AaHUMAIOIIMXCSI KBAHTOBO! I'PaBH-
TaIfFel, MaAasi BEAMYHHA KOCMOAOTHYECKOH IOCTO-
SIHHOY! TPYAHO COTAACYeTCs C IPeACKA3aHISMH K6aH-
mo60ii QU3NKU U TIOITOMY COCTABASIET OTACABHYIO
npobOAeMy, UMEHYeMYI0 <IIPOOAEMOI KOCMOAOTH-
4eCKOH ITOCTOSIHHOM ». Bcé peao B ToM, 4TO Yy dpusu-
KOB HeT TeOPHH, CITOCOOHOI OAHO3HAYHO OTBETHTb
Ha BOIIPOC: II0YeMy KOCMOAOTHYECKAasl TOCTOSHHAS
TaK MaAa HAU BoobOme paBHa O .... EcTecTBeHHBIM
Pa3yMHbBIM 3HAUYEHUEM TaKOH BEAMIUHbI CHUMaemcs
e€ IMAAHKOBCKOe 3HaueHUe, AAaBaeMOe U Pa3AUYHBI-
MH PaCu€TaMU IHepauU KEAHMOBblxX PAYKMyayui.
OHo, 0AHAKO, 0mAu4aemcs om IKCnepUMeHmMarbHo20
Ha 120 OpSIAKOB, 9TO xyduiee TEOPETHUIECKOE IIPEA-
ckasaHue B uctopuu pusuku> [ 10].

BoiBoabI 13 aHaAn3a mpobaemsr A: Konuenyy,
Aatorve pasuuyy B 120 nopsdkos, 3T0 CAeACTBUE IIpe-
06AapaHUs B GH3MKE MATeMATHIECKOI a0 CTPaKIHY,
UTHOPHpYIOIIe pU3NIECKUI CMBICA 3aAA4H, TAK KaK
«HeMHorue Teopermyeckue orieHKU B UCTOPUH GH-
3UKH... OBIAU HACTOABKO HETOUHBIMU> (Aappu D6-
60t). [To MHEHHUIO aBTOpa, YTBEPKACHHE O TOM, 4TO
«BEAUYHHA TAOTHOCTH 9HEPIHHU BaKyyMa... PaBHO-
IIeHHO OIIPeASACHHUI0 KOCMOAOTHUYECKOH IIOCTOSIH-
HOM> [9] KoHyenmyavHo He 8epHo, O CAEAYIOLIEN
npuunHe: Maes 3amensr A ~ oHeprueil KBaHTO-
BbIX PaykTyanuit Bakyyma (OKOB) npeanoaaraer
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YPaBHOBEIINBAHNUE MPUTSDKEHHS IIPOTHBOIIOAOXK-
HBIM OTTAaAKHMBAaHHEM, YTO O3HAYaeT CTpeMAeHHe
K PaBHOBECHIO MAM BO3pacTaHue aHmponuu. OpAHaKoO,
NPUHYUN 803pACMAaHUs IHMPONUY TIPUMEHUM TOAD-
KO K U30AUPOBAHHbIM CUCTEMAM, COCTOSIITUM U3 AO-
CTaTOYHO HOABIIOTO, HO KOHEYHOT'O YHCAQ MOAEKYA.
K 6ecxoHeYHBIM cHCTEMaM U CHCTEMaM C MaABIM KO-
AMYECTBOM 3TOT IPUHIIMII He puMeHHM. ITockoan-
Ky, OKOB orHOCHTCS K 6€CKOHEYHBIM CHCTEMaM TO,
CYHUTATDb ee d9KBUBAACHTHOMN 9HEPIHH OTTAAKUBAHUS
/A HeAb3s. ApyTUMH CAOBaMU — IPUTSDKEHHUE IIPO-
SIBASIETCSI KaK IPOTSDKEHHBIN MaKPOCKOIMUYeCKUN
addext. Aas Toro, uro6sr IKOB moraa paborars
IPOTUB NPUTSDKEHUS el HEOOXOAMMO CO3AaBaTh
XOTb KaKyI0-HUOYAD HANIPsDKEHHOCTh, AOCTATOYHOM
AASL OIIy TUMOCTH, B MACIITa0€ XOTs OBI MAKPO ITOASL.
C xaKoit cTatu kax0viil KBAHT BAKyyMa AOAKEH Ca-
MOYCTaHaBAMBATbCS B ONPEAEACHHOM YIIOpsAOYe-
HUU OAHOBpeMeHHO B Macuitabe BceaeHHOI, ecan
aaxe B adppexre Kasumupa AAd AeTEKTHPOBAHUS
9TO 9HEPrUU IPHUIIAOCH UCKYCCTBEHHO COAM3UTD
IAQCTHHKH IIOYTU Ha MHKpO paccrosiHne. OKOB
SIBASIETCS IKCTNEHCUBHOL BEAUYHHOM, a TIPUTSDKeHNe
UHMEHCUBHOIL, NX HeAb3sI IPHPABHUBATD. [ [oaToMy,
pasuuna B 120 mopsAKoB 9TO npo6AeMa He KOCMOAO-
TMYeCKOM IIOCTOSIHHOM, a CaMOM KBAaHTOBOM PU3HKHI
M3-3a NPUMEHEHUs BMeCTO PU3NIECKOTO CMbICAA
nesvi80dumoii (mo Tépearo) aberpakimm.
ITocraHoBKa 3apa4H B IIPpeAAaraeMoe peleHne:
HrbroToH c8:3b16a4 npumsiiceHie mMaccol Hepes nycmoe
NPOCMPAHCMBo ¢ cuAoil, a DVHIITENH ee Haiuuue ¢ Je-
Ppopmayueii npocmpancmea-epemenu. Ho, aTo, kak cka-
3aHO BblIlIe, IPOTHUBOPEUUT B3AMHOMY ITOBEAEHHIO
He npursaruBaromuxcs Macc. B Heoxaaccuaeckom moa-
XOA€ aBTOPA, IPEATIOAATALTCS], YTO OOAee PeaAbHBIM
OIKCaHHeM BMECTO MAacCC, IIOT€HIIUAAOB, [TOAEH, TOCTO-
SIHHBIX MOXET OBITH [IPHIMEHeHHe TOABKO Oe3pasMep-
HBIX 1 a0COAIOTHBIX BeanuunH. Harprmep, abcoatorHast
TeMIIepaTypa CBS3bIBaeT B O0Iell cucTeMe OTCYeTa
OCHOBHbIE XAPAKMEPUCMUKY PUUHECKO20 COCIIOSHUSL
CHCTEMBI — memnepantypy, 0aseHue, 00vem, 1 IMeeT
Kak epaunury K=1/273.16 gactp TepMOAMHAMMYe-

CKOM TeMIlepaTyphl mpotiHoti mouku Boabl IToaTomy,
aBTOp MoAAraeT, 4To PpU3UIecKoe B3anMopeicTaue (Ts-
TOTEHUe, ... ) MaTepPUAABHOMN TOUKH (M.T.) ¥ Bpalljato-
1meicst cpephl Hy>KHO C843b6aMb He ¢ HAAUMUEM MACC,
a ¢ Mmemnepamypoti mpexus ee no8epxXHoCMu 8paujeHus
06 okpyxcarowyio cpedy. To ecTp, MacIITAOMPOBAHHAS
KUHETHUYeCKasl 9Heprus M.T., B BUAE YCKOPEHUll CBs-
3BIBACTCSI C UMEHEHUEM AOCOAOMHOLL Memnepamypul
MPEHUs Npu OMHOCUIMEADHOM NPOMeEKAHU 2a3d, KaK
IPH OCTYTIATeAbHOM ABIKEHHH MOAEKYA UACAABHOTO
rasa. YCKOpeHHs M. T., UCITyCKaeMOM U3 Cepbl CBA3aHO
He C I]eHTPOM I[eHTPAABHOTO TeAd, Kak 1o Herorowy,
a CO CBOMM MECTOM, OCTaBIIMMCS Ha ee Bpalljalolei-
cst noBepxHOCTH. ECAn, OTAeAMBIIAsICSE TOUKA OGyaeT
ABUTATbCS IO TPAEKTOPHH I60AbBEHMbL KpY2d, TO, ee
HOPMaAb, 6YA6T KaCaTeAbHOM K BPAIlJAIOIIECs IIOBEPX-
HOCTH LIeHTPaABHOTO TeAa (280ar0me). OKasbiBaercs,
HaIpaBAeHHe 3TOM KaCaTeAbHOM U AAeT HallpaBACHHe
mpyujezocst 83aumodeiicmeusi, 1 yKasbiBaeT KaK pa3s
Ha OCTaBAGHHOE TOYKOM M3HavyaAbHOe Mecrto. Bpa-
WjeHue, U3MEHsIIoIIee, TeOMeTPUYECKYIO CBS3b MEXAY
3TUMH TOYKAMH, B 3aBUCHMOCTH OT yTAA IOBOPOTA LjeH-
TPAAbHOTO TeAQ, 0MBenICreeHHo 3a GeHOMEH IPUTSDKe-
HUS U OTTAAKUBAHUS, YTO M AOAXKHO Ha3bIBaTbCS Me-
XaHHM3MOM B3aUMOAEVICTBUS MaTEPUAABHBIX Tea [11].
Butbop mpaexmopuu B BUAE 9BOABBEHTBI KPyTa OCHO-
BaH Ha HAOAIOAEHHU POPMBI BETBEI! CIIMPAABHBIX Ia-
AAKTHK. BeTBU SBASIIOTCS KOHIIAMU pa3BOPaYHBaeMBbIX
FIAM CBOPa9HMBaeMbIX CAOEB (TOAOTPadOM pasBepTKH —
SBOABBEHTOI1) C TOBEPXHOCTHU I1eHTPAABHOTO AUCKA.
IToaTomy, Bpamjenue cimpaAbHBIX FAAAKTHK OOBSIC-
HSETCs KaK U3MeHeHHe (d306020 COCTOSHMUS CHCTEMBI
BpaIAIoIIerocsi cCpepruIecKoro Teaa 1 pacrpeAeAeH-
HO OTHOCHTEABHO HEro d9HepIrUHU B3aUMOAEHCTBHA,
B BHA€ (a30BOM MaTePUAABHOM TOYKH (M. 1.). Takoit
NepKOASIYUOHHDLI TIOAXOA, TIPUBOAUT K HEB3PbIBHOMY
3aK0Hy SKCLIEHTPUYHO npomexaroujeti $pa3zoBoOM TOUKH
¥ 06edunsiem éce Mpu Ha4aAd MepmoOUHAMUKY, CBSI3bl-
8A5 MOAEKYASIPHO KUHEMU4eckoe U mepmoouHamuteckoe
onpedeAeHuss AOCOAOMHOIL Memnepamypbi.

K pemenuro npo6aemsr — (M (7)): Aast ABuke-
HIHSI [TO 9BOAbBEHTE HY>KHO OOOMTH OTrpaHHYeHUe,
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co3panHoe HproToHOBCKOMI TeOpUer TArOTEHUS
O IEHTPAAPHOCTH ACHCTBUS IIPUTSDKEHUS, C TOAD-
KO 9AAMIITUYECKOM, MapabOANIeCKON U rumnepbo-
Andeckoit Tpaekropueil. IIpeamoaaraercs, 4To uc-

myckaemble (moraomaemble) 06beKThl CIUPAABHOI
TraAQKTHKH ABUTAIOTCA 11O (4eTBepTOil) TPaeKTOpun
sBOAbBeHTHI Kpyra [ 12] (pucyHok 2).
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ABONHITA

PrncyHok 2. QKCeHTpmYHOE B3anMOOeCTBME

KPI/IBEU[ TaKOU TPAEKTOPHUH M. T. (Bn), OITNChIBaA-
€TCsA U3BECTHBIMH YPaBHEHNAMMU:

x=a-(cosa+a-sina);y=a-(ax-sina—cosa);

I'ae: x, y, a, a — KOOPAMHATBI, yTOA TIOBOPOTA U pa-
AUYC IIeHTpaAbHOTO TeAd. OTKyAd MOAYIHM:
— 2 2)1/2 — 2\1/2, — . — .
r=a(x’+y)"”?=a(1+a*)"; V=aa V =a;
V=a/(1+a?)"
r
Tae: 1, V — papuyc-BexTop U aAreOpamdeckast
CKOpPOCTb M.T., U CKOPOCTH Ha OCH PaBHOMEPHO
Bpallaonleiics IOASPHON CHCTeMbl KOOPAMHAT:
V - nonepeunas (yraoBas) cKopoCTb, OTHECEHHAs]
K Tpaexropuu r, V. — papuabHas (AydeBas)) CKO-
POCTb, OTHECEHHAs K [leHTpaAbHOMY yray. W, W, —
HOPMaAbHbIE M TaHT€HIJHaAbHbIE ycKopenus (t = T)
M.T. B €CTECTBEHHOHN CHUCTeMe KOOPAMHAT: W'n=aot,
W, = a; (3pech, 1 panee, GOPMYABI CKOPOCTEI U YCKO-
PeHUI IPUBOASITCS B KPATKOM BHAE AAS a4 = 1; Boa-

HOBas 4acTh (sin’a+cos?a)/? aaar, V, V,W,w,
onymena). Kpusas QyHKIMU CKOPOCTEN YacTHIL AAST
TaKoro cay4as Ha (pucyske 3):

Kak BUAHO U3 pHCYyHKa, H3MeHeHue IToIepeyHoi
CKOpocTH — V. HMMeeT KaueCTBEHHOEe COBIIAACHHUE
C rAaBHBIM rpadukoM (pUCYHOK 1), BRIpaXkaromum
AHOMAAMIO BpallleH!s CIIMPAAbHOM TaAakTHKH. BHa-
YaAe, IomepedHast Ckopocth V. pesko (MHAsIH-
OHHO) BO3pacTaeT, HO PUMEPHO B 2—3 papmycax
OT I]eHTPAABHOIO TeAd MHTEHCHUBHOCTb YMeHbIIIa-
€TCsI U [IPU AOCTIDKEHUH OTMETKH IIPHOAUBUTEABHO
r =7.29 acUMITOTHYECKH IIPUOAMKAETCS K ITOCTO-
SIHHOMY 3HaueHMI0. KoadPpuiueHT nponopuuoHab-
HOCTH [IPUOAUBUTEABHO PAaBEH ACUMNIMOMULECKOMY
3HAYEHUIO KPYTOBOM CKOPOCTH PaBHOMEPHOTO Bpa-
menus w = a/(1 + a”)'?= V. Takoe usmenenue w
Ha HaYaAbHOM OTpe3Ke AQeT 3Ha4eHHU S aHAAOTHYHbIe
3aKOHy OJMAepa AASL CKOPOCTeHN PapHAAbHBIX TOUEK
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BpalIAONIerocs »ecTKoro Aucka V = wr, To ecTb
IIOYTH IIPOMOPLIMOHAABHO 3HaYeHuIo papuyca. Io-
aToMy V OmHChIBaeT MOYTU CHHXPOHHOE BpallleHue
aHCaMOASI YaCTHIl, COXpaHsIOIlee CBOIO OTHOCH-
TEABHYIO CIIUPAABHYIO GOPMY B BeTBSIX AAAKTHK,
AO 2—3 papuycOB OT LIEHTPAaABHOIO AMCKa. Aasee
3TOrO paccTOsIHMA, NpH nepexope k Kemaeposckoit
(maparomeit) yactu Tpaexropun (pucyHok 1) cun-

1

XPOHHOCTD Bpalll€eHUS IIOCTEIIEHHO HAapyIIA€TCHd
1 BETBHU < O6PbIBaIOTC5[>>. CI/IHXPOHHOCTI) BpallieHun:a
HeHTpaAbHOFOAHCK&HBCTBeﬁO6yCAOBA€HaTeM,qTO
YTAOBasl CKOPpOCTDb er ACHMIITOTHY€CKU TOPMO3UTCH,
OTCTaBaH(TFCKOPOCTeﬁTxﬂﬁﬂ(paAHaAbHOFO]{aHPaB-
ACHHS aHAAOTHYHOTO SﬁAepOBCKOFO JKECTKOTI'O AKC-
Ka, N3-3a 4€ro BE€TBU I/I3I‘I/I6&IOTC5[ B BHA€ CIINpAaAH
9BOABBEHTDI KpyTa.

CEOPOCTE

EIB ...........
1= TP ...................................
o4t 4. ..........

e ety ...........

0 I .
] 2 4

a] g 10

PACCTOAHWE 40 NOBEPXHOCTH (B e, pad. 0.1

PucyHok 3. KpuBas BpalueHuns "TpoTekalowenmranaktukm™

A papnaAbHasi CKOPOCTb V. Ha 9TOM IIPOMEKYTKE
(1 Boo61Ie), HECMOTPSI Ha yBeAUYEHUe PACCTOSHUS,
OCTAeTCs XOTSA M MAAOM, HO IIOCTOSIHHOM M IIPOIIOp-
ITMOHAABHOM OAMHAKOBOMY 3HAYEHHIO PABHOMEPHOTO
YIAQ IOBOPOTA HAYaAa CHCTEMBI KOOPAMHAT (LleHTpa
AMICKA), TIOCKOABKY OHA OKa3bIBAeTCs Ge3pasMepHOit
(MacmTabupoBaHHO#). DTO COXpaHSET CIUPAABHBII
3BOABBEHTHbIN BUA BETBEM, CHHXPOHHO BPaIIAOIUXCS
COBMECTHO C AUCKOM. A 9yTb AAABIIIE OKOAO PAacCTOs-
HUst 7 = 7 TPaeKTOPUH MEAKHX 00beKTOB ITOCTeTIeHHO
TIEPEXOAAT B TIOYTH KOABIIEBYIO POPMY, Kak AAS Dfise-
JPOBCKOTO >KeCTKOTO AMCKA, HO CYMTAETCSI aHOMAABHBIM
aast Kenaeposckoit AnHamMuki. OTBeTCTBEHHBIM 33 9TH
SBASHHS CYMTAIOT HAAUYKE HeKOM < TeMHOM MaTepHu >,
KOTOpasi, SIKOOBI «YAEP)KHBAET> YACTUIBI B BETBSIX
OT pa3beraHust 1 MOXXET HAKAIIAMBAThCSI HA HEKOTO-
poM paccrosiHuu OT 1eHTpa. Kpome Toro, acummro-
TUHOCTD CTPeMAeHHUS V. K OCTOSHHOMY 3HAY€HHIO
10 Mepe yBeAMdeHMs PACCTOSHHSA AO LIEHTPa MOXET
IPHBECTHU K APYTOMY peHOMeHy — ITOCTeNeHHOM TToTe-

pe KOppeAsLIMM MAU B3aMMOAEHCTBUSA LIeHTPa Bpalle-
HUS C YAaCTUI]AMU BeTBeH, YAAAUBIINXCS Ha OOAbIIee
PaccTosiHUe OT Hero. JTO KaK «MeTOA IIPOCTOro TPH-
TOHOMETPUYECKOTO MTAPAAAAKCA, KOTOPBIH IIepecTaeT
paboTarh, KOrAa paccTosHMs mpeBbiatoT 30 11, HAH
100 cBeTOBBIX A€T, TOCKOABKY B 9TOM CAy4ae YTAOBbIE
CMelleHMsl CTAHOBATCS HACTOABKO MAABIMH, YTO MX
HE YAQeTCsl TOYHO u3Meputh> |13 ]. OpHako, Ha pac-
CTOSIHUSIX 1 >> 7.29, TAe AETICTBHE Vy — AOAXKHO IIOCTe-
IIEHHO 3aTyXaTb MOSBASETCS TPETUM PeHOMEH, KOTO-
PBIiT MOKET OBITh OTBETCTBEHHBIM 32 TAK HA3bIBAEMYIO
«<TEMHYI0 9Hepruto>>. XoTs V — OrpaHi4eHa aCumIITo-
TOH, HO TIOCTOSIHHOE 3Ha4eHHe CKOPOCTH PAAHAABHOTO
yAareHust V. MOXeT COXpaHATbCs 04eHb AoAro. M camoe
TAQBHOE B BHIPOKEHUH Y2A4060il CKOPOCTH V. — 80410801
cocraBastomeii (sin’a + cos?a) /% mer (coxpamaercs),
ay paduavhoii ckopoctu V. ectp. SIcHO, UTO BOAHOBAS
COCTABASIFOII}AsI B MA€AAE AOAXKHA OBITH FAPMOHUYECKOM
yHKIIMel, KOTOpasl ONMCHIBAET CTOSIYI0 BOAHY, He I1e-
penocsimyio sHepruto. Ho, ecan O6yaeT cymecTBOBarh
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XOTs1 GBI HUMTOXXHO MAaAO€ COIPOTHBACHHE MEXX3Be3A-
HOI1 cpeAbl, (2 OHO AOAYKHO CYIIECTBOBATB, TAK Kak 3TO
ellle He COBCeM ITyCTOTA) TO, AOAYKEH MOSIBUThCS CABHT
1o ¢pase, HAPYIIAIOIIHI TAPMOHUYHOCTD KOAeOAHHUIL.
CaepoBaTeAbHO, 3TO AOASKHO IPUBECTH K PAAUAABHO-
My TIepeHOCY 3Hepruu (Macchl, M3AYYEHHS) OT LieHTpa
BpallleHHs], TaK KaK BOAHOBas 4acTh V. mepuopnde-
CKM IIOATIMTBIBAETCS BpallleHHeM LIeHTPAABHOT'O TeAa.
VIMeHHO TaKoi1 MEXaHHU3M M MOT ObI CO3AABaTh, TAK Ha-
3bIBAEMOE «<OTPHUIIATEAPHOE> PAAUAABHOE AABACHHE,
SIKOOBI «PaCTSTUBAOLIEe> LIEHTPAABHOE CKOIIAEHHE
U IIPUIHChIBaeEMOe «TeMHOM sHepruu>. I lo atomy, nmo-
CAEAOBATeABHOCTD PACIIOAOKEHHS « TEMHOM MaTePHH >
U «TeMHOM SHeprUH > UMEHHO TaKas, a He APyTasL.

BriBoa: Kak B acTpodusnke, Tak ¥ B KOCMOAO-
T'MH, OTIMPAAUCD Ha TO, YTO TOABKO I'PaBUTALIMA U aH-
TUTPaBUTAIMA MOTYT YKa3bIBaTh, HA CYI}eCTBOBAaHHE
«TEeMHOW MaTepUu> U «TeMHOM sHepruu>. Temnepsp
IPeACTaBUM cebe, KAKOBBI MOTAHU OBITb BHIBOADL, €CAH,
ObHapy>KeHHbIe aHOMAANH OO'BSICHSIOTCS He MacCOi,
KOTOPYIO 8b(0paiu BUHOBHHIIEN aHOMaAnU Bpamre-
HHSI CIIMPAAbHOM rasakTuku. ITpocto y Hux 06br4-
HBIM 9TO He CUA0B01, A MeNnA080LL MEXAHUIM B3AUMO-
deticmeus 10 3aKOHY B3aUMOCBSI3M KUHETHYECKOM
aHepruu u abcoATHON Temmeparypsl I y Hux,
C MX 3aKOHOM HUKAKUX IIPOOAEM HET — BCe TaKxKe
PaBHOMEPHO BPAIAIOTCS, COXpaHsAd CBOM QOPMBI,
KaK 1 AO TOT0, KOTAQ MbI MX 3aMeTHAU. Ix MexaHU3M
He IIPUBOAUT K TOMY IOHSTHUIO I'PaBUTAIIMH, KOTO-
PYIO MbI IMEAU B BHAY.

K pemrennro mpo6aembr A: B Heoxaaccuyeckoit
IIOCTAaHOBKE aBTOPa IIPEAIIOAATAeTCs, YTO KHHEeTHYe-
CKasi 9HEPI'HsI yCKOPEHHUH M. T. MACIITAOHPOBaHHO
CBSI3aHA C A0COAIOTHOM TeMIIePATyPOi mpeHus
BpAIIlAIOIIelicsi IOBEPXHOCTH cdepbl 06 OKpysKaro-
IIIYIO CpeAy T10 HallpaBA€HHIO KacaTeAbHOM K Heil. SB-
ACHUS PUTSDKEHUS U OTTAAKUBAHM S, OIIMChIBAIOTCS
ABYMs QYHKIIMAMU PAaBHOACHCTBYIOIIUX, B BUAE Pa3-
HOCTH M CYMMBbI YCKOP€HUI:

I/V;I — (anz_vvtz) 1/2; I/V;zz (I/Vnz + *[/V*tz) 1/2;

TA€: VVS], I/VS2 — YCKOpeHHs (paBHOAeﬂCTBYIOH_II/Ie)
OT IIPUTSKEHHUS ¥ OTTaAKuBaHus (ycaoBHO). U3 pu-

CYHKa 2 U 9TOM (pOPMYABI BUAHO, YTO COTAACHO 3a-
KOHY Tapassesorpamma W u W AOAKHDI ObITh Ha-
TIpaBAEHbI BAOAD (K IIEHTPY) U MOMEPeK PAANAABHOTO
HanpaBAeHHA. 10 ecTb, B3aHMMOAEHCTBHE COCTOUT
U3 [eHTPAABHOTO IIPUTSDKEHNUS U IIOIIePEYHOTO OTTAA-
KUBAHIS, SIBASTFOIIXCS KOCBEHHBIMU GaKTOPaMU.

XapakTep TpaeKTOPHIl BOAM3H LjeHTpPa CIIHPAAD-
HOM IaAaKTHUKHU [TOKA3bIBAET, YTO OHU He SIBASIIOTCS
KemnaepoBbIMH, a TOXOXXH Ha TEIIAOBBIE ABIDKEHHS.
CAea0BaTeAbHO, 9TO AOASKHO OTPAXKAThCS U HA APY-
THX, ellle 60Aee TOHKUX XapaKTePUCTHKAX ABIDKEHUS,
HaIlpuMep, Ha yCKOPeHHAX U X GpyHKIMAX. B AoaHHOM
IIOAXOA€ MEXaHH3MBI KCIIEeHTPUYHOTO B3aUMOAEH-
CTBUSI ONUCHIBAIOTCS KAaK OTHOLIEHUS CIIeIIMAABHbBIX
be3pasmepHulx MACIITAOUPOBAHHBIX Ga30BBIX PYHK-
uuit yckopenuit K (KSS ; I/II<SSZ) , KOTOpbI€ CBSI3bIBa-
I0TCSI C 80COAIOTHOM TeMITepaTyporL.

BecbMa IAOAOTBOPHBIM M HHQOPMATHBHBIM
OKa3bIBAeTCSI BBEACHUE KAaueCTBEHHOTO OIMCAHUS
B3aUMOAEHCTBHII Yepe3 reoMeTpuyeckoe (KrHeMa-
TUYECKOe) MPEACTABAEHUE COCTOSHUS AMHAMUYe-
CKOM CHUCTeMBbI IOCPEACTBOM (PA306biX TPAEKTOPHUIL
K (Kssl u Kssz), KaK ABIDKEHUS ¢pa3080ii M. T. UAU
pacrpeaeAeHuss H300paxkarolenl TOYKU. AAsL HC-
KAIOUEHHS IIPUHYAHTEABHOTO HAAEASHHS IIPUPO-
ABL CBOFICTBOM IIPUTSDKEHMS AUOO OTTAAKUBAHMS
OAHOBPEMEHHO PacCMATPUBAIOTCS ABe QYHKITUH
B3aumopericTeus K = W;l/W;Z uk = T/VSz/T/Vsl, KO-
TOpbIE Mbl MO’KEM Ha3BaTh (YCAOBHO) MO XapaKTepy
HAIPaBACHHS ABIDKEHHUSI YHCAUTEAS — QYHKI[UeH
IIeHTPaAbHOTO mpuTskenus K | 1 yraoBoro orras-
xuBarus K, OHu paBHOTIpaBHBbIE, TAK KaK BO30YX-
AQIOTCSI TIOAYCepaMU OAHOI H TOH 5Ke CPephl, U MbI
MO>KeM HX CPaBHHBATb, (eme 6oabmee o6o6menue
B[14] ) Br160p TaKoi QYHKIIUM AAET YHUBEPCAAbHDLLL
Kpumeputi AASL CPABHEHHSI 9HEPTHH YTAOBOTO OTTAA-
KUBAHUS U LIEHTPAABHOTO MIPUTSDKEHNUS, U UX 0e3-
Pa3sMepHYIO BEAMYHHY, UCKAIOYAs BCe Pa3MePHOCTH
IPUAYMaHHBIE YeAOBEKOM. DTa SHEePIUs CIUTACTCS,
He MOTEHIUAABHOM, a TIpoTeKaromeil (IepKoASIH-
OHHOI1), OTIUCHIBAIONIEN U KACN080e CKAYKOO6pas-
Hoe pacripeaesenue. K aro macuumabuposantvie
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3aKOHbI NPONOPYUOHAALHOCU YCKOPeHUl abcorom-
noti memnepamype (AT, K-Keavsurn). OHu BbIpaxa-
10T duazpammy cocmosnus (Pasosvie npespaujenus),
00Be0uUHSIOM MPU HAYAAA MEPMOOUHAMUKY, Onpede-
ASIIOM U3BECTHDLE 3HAMEHUS PYHOAMEHMANDHBIX KOH-

cmanm, U TOUKH UX IK6usarenmmocmu: (PUCYHOK
4). AT cBs3ana c [TocTOAHHO TOHKOM CTPYKTYpPBI
(TITC) [15], c [Tocrosuuo# Boabrmana (T1B) [16],
U APYTUMHU $YHAAMEHTAABHBIMH KOHCTAHTAMH.
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PucyHok 4. EgnHas pyHkuns Kacnmosa

KuneMaTnyeckasi MHTepIIpeTalusi ITOBeACHHS
K 1103BOAMAQ OXBATHTb Pa3HOO6pasHble MacITabH-
POBaHHbIE 3AKOHOMEPHOCTH IPHPOADL U OOBSICHHUTD
MHOTHe SIBACHHS, CIUTAIOIIHeCS aHOMAABHBIMU AAST
coBpemenHoil ¢usuku [12, 16]. (rae: a.e.- actpo-
HOMHYeCKasi epAuHuIa AAMHBL K-KeabBuw; KSS /R
uK_/aecrs K ornecennas k r (3aech R) u a, npu-
4eM Tellepb X HAIIPABACHHSI COOTBETCTBYIOT HAIIPaB-
AEHHSM 3HAMEHATeAel, KaK TOAOTPadbl CKOPOCTEN).
OAHH 13 OCHOBHBIX MOMEHTOB IIOKA3bIBAIOIHFT HHBA-
PHUAHTHOCTD CTAIIHOHAPHOMN 3aKOHOMEPHOCTH OTHO-
cUTeAbHO K MacurTaby — [eanocrarmonapHas opoura
Coanna HaxopuTcs Ha paauyce Ilosca Acreporaos
BOAM3H BTOpOi 9KCTpeMaan K, a He BHYTpH OpOUTDI
Mepxypms, kak mo Kemaepy. Bor mouemy Acrepomabr

u3 ITosica m yacTuigpt u3 koAer; CarypHa BeAyT cebs Kak
Hckyccrennsie CrytHuku 3eman Ha [eocranmonap-
HOI opbuTe. Beex nx 06beAnHsIET OAHO — ABIDKEHME
Ha CTAI[HOHAPHOM OpOuUTe, KOTOPAst IOYTH KPYTOBasl.
Bce nsBectHbIe pyHAAMEHTAAbHDBIE PU3HIECKHIE KOH-
CTaHTBI, KOTOPBIMH OIMCHIBAIOTCS 3aKOHBI PU3UKH,
BBIBEACHDBI 9KCIIEPUMEHTAAbHBIM ITyTeM U He UMEeIOT
TEOPETHIECKOr0 0OOCHOBAHMS UX IIPUPOABI, U II0-
aToMmy, Kak ckazaA P. Qeitnman, moxoxu Ha «PoKyc-
nokyc>. B mpeaaaraemoii xxe aBTopom Heoxaaccuye-
CKOI1 TeOPUH U3BECTHbIE 3HAYCHMUS PYHOAMEHMANLHBIX
PusuUHecKUX KOHCIMAHM TEOPETUIECKU BblB00SNICS
u3 Eaunoit pyrkumm [ 12 ], 9To roopur o macumabu-
posannoii ceazannocmu ux npupodst. Maxcumym K /R
paBen Koaduimenty aanbepro 3eman (A, ), uro
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MIOATBEP>KAQET CBS3b CKOPOCTeH YaCTHI] C TeMIIepary-
poit. Tak kak A, < 1 T0, 3TOT rpaduK ONKCHIBAET I1O-
raomenwe (yCAOBHO) 9HEPIUH BpaImatomieiics chepoit
U3 9KBaTOPUAABHOM IMAOCKOCTH B BUAE TIPUTSDKEHMS,
KOTOpOe Mbl Ha3bIBae€M I'PaBUTALIUE.

3aMeyaTeAbHO, YTO BOTHYTOCTD 8MMOpOil IKCTpeMa-
AV HaITPaBA€HA K LIEHTPY Bpalllalolerocs TeAa (gaua-
AY OTCUETa) U AAET IKCTEHCUBHOE $pasosoe pasHosecue
u macwmabuposarnyio ITTC (c TpaHCIEHAGHTHBIM Tr).
OTa BOTHYTOCTb IIOKA3bIBAET HAAUHUE PyHOAMEH-
MAAbHOTE HEYCMOUMUBOCIMU 11 KOAOaMeAbH Ol IPH-
POAbI YCKOPEHHUI OTHOCHUTEABHO ILIEHTPA, KOTOpoe
SBASETCA HEYCTPAHMMOMN IPUYHMHON IPUPOAHOMN
HEBO3MOXKHOCTH 60OA€e TOYHOTO YyTOYHEHMs 3Hade-
HIHA U TPAaBUTAIIMOHHOM ocTosiHHON G. Pu3nyeckast
HeTIpeKpaIaeMoCTb KOAeOaHHI TeOpeTUIeCKH 00'bsIC-
HSETCS TeM, YTO IOTOK K Ha 1 =7.29 ABASIeTCS acuM-
HNTOTHYECKU CAOMCTON ATHAMUYECKOMH, U BHIHY>KAEH
HCITBITHIBATh HEKOT€PEHTHbIE CABUTH IO pa3e B CHAY
TOTO, YTO MAKCHMYMBbI Ha 1ep6oil IKCTPEMaAH I<551/R
u KSS , /0 HIKOTAQ HE MOT'YT COBIIAAATh. JTOT HeycTpa-
HUMBIF (aKT CBSI3aH C TeM, YTO OHU He UMEIOT 0011jero
AeAuTeAs 6e3 OCTaTKA H3-32 HECOUSMEPUMOCU 3HAYe-
HU r 1 . Tak Kak MpUHAAAEXKAT K pa3HbIM CHCTeMaM
CUHCAEHUS 1 — JecsimepusHoti, U o — wecrmudecsime-
PpUtHOLi, OTIPEAEASIEMOM TPAHCLIEHACHTHBIM YUCAOM
7 (u3 TITC). Ho eAMHMIBL 7 1 MOTYT UMETb OAUH
KBa3U—AEAUTEAD, TOYTH PABHBIN «KOHEUHOM » AAMHE
OKpY>KHOCTH 27 = 360 °, YTO OTAMYAET UX HA TPU IO-
psiaka. I1oaToMy, AASL 9KBUBAAEHTHOCTH C o 3HAYEHUS
¥ HY>KHO BBIYHMCASITb C TOYHOCTBIO 3 3HAYamux I ¢p.
HeycTpaHUMOCTb 3TOTO CABHIa SIBASIETCS IIPHYMHOMN
IPOUCXOXKACHHS KBaHTa B IPHPOAE mukpomupa [ 16],
yrapauHoro M. ITaankom. FiMutanus «TeMHOM aHep-
I'MH>, OTKPBITOTO HEAQBHO [ 1], MOXeT 06bAcHATBCS
ACHMMIITOTHUYECKH YMEHbIIAIOIMMCS], HO HeITpeKpala-
IOIMMCS] YCKOpeHHeM YacTHUI] BAOAb papryca Ha pac-
CTOSIHUSAX ¥ >> 7. 3a IPeAeAAMU PAacCTOSHUA 1> 7 yKe
HeT 9KCTpeMaAeil CO CTalMOHAPHBIMU OpOUTaMH,
HO eCTb aCUMITTOTHYeCKOe HelpeKpaljaroleecs Aei-
CTBHe BOAHOBOI1 cocTaBAsomeii (sina + cos?a) /2,
YTO MOXKHO OBIAO IIPUHSTD 33 <PACMAUBaAHUE> CKO-

IIACHVS U <OMpPUlYamervHoe 0aéAeHue>, IPUITIChIBA-
emoe A.

CAepOBaTeABHO, IIPOOAEMA OIMCAHUSI YCTONYH-
BoCTH BceAeHHOIT He B Macce MAM ITOCTOSIHHOM, Ha-
npumep, HploToHa nan OHHIITeNHA, a B caMoM 3a-
KOHe ABI>KeHHH (TPaBUTALUM), KOTOPbIi yCTAHOBACH
CaMO¥ IIPUPOAOHL, U He Q0ANeH 3asucems om 6vl00pa
4eA06eK0M MACC, TIOTEHITHAAOB, 3HAYEHUH U IIPEeAHa-
3HaYeHHI ITOCTOSHHBIX. [IpaBHABHAS TEOPHUS AOAKHA
OBITH MaCIITAOMPOBAHHOI Ge3pasMepHO, U3 KOTO-
POt H3BECTHBIE «HAOA00deMble>> TIOCTOSIHHbIE AOAXK-
HBI 661600UMbCs Meopermutecku, Kak B caydae K . x
HEAb3sI IepeMeNINBaTh U HAAEASITh Pa3HbIMH CBOM-
CTBaMH I10 YKEAAHUIO UCCAEAOBATEASL.

BuanMo, HecTanmoHapHOe pellleHre C B3PbIBHBIM
pacumpenueM [ 17] aast Bceit BceaeHHo Takoke He pe-
IIaeT MpobAeMy ONHMCAHUS IMPUPOABI IPABUTALIUIL
ITockoAbKy, 00HOHANPABAEHHOE pacuiUpeHie SIBASIET-
CsL APYTOF KPaltHOCTBIO HPOOAEMbL CXAONBIBAHUS, TAK
KaK TOYHAsI 9KCTPAIIOASILIUS Ha3a 0e3 pUMeHeHs
YTAOB HEBO3MOJKHQ, 2 C HIMH HeAHHeHHbIe ypaBHe-
HMS MOT'YT IPUBECTH K He €AMHCTBEHHOCTH PeIleHH.
Taroke, MOXXHO OCIIOPUTD HACI0 M O PaCIIMpeHHH Ca-
Moro mpocTpaHcTsa [ 18]: « ITo nponsomao Beroay
OAHOBPEMEHHO ... JTO ObIA B3PBIB CAMOTO IIPOCTPaH-
crBa. Hurae He OBIAO LIeHTPA, T.K. YCAOBHS BCIOAY
OBIAM OAMHAKOBBIMHU, HUKAKOTO IIepPeraAd AABACHMS,
XapPaKTEPHOTO AASL OOBIMHOTO B3pbIBA, HE OBIAO>.
Taxkue ycaosust [ 18] cooTBeTCTBYIOT dKcmeHcUsHbIM
BEAMYHHAM, B TO BpeMs KaK pacuupeHue STBASIETCS
UHMEHCUBHOI BEeAMIUHON. MBI y>ke BUAGAH B CAydae
A\, x yeMy IpUBOAMT HX NpupaBHuBaHue. [loaTomy,
MaCIITAOUPOBAHHOCTD B3AUMOAEHCTBIISL, CKa3aHHOE
006 9KCTPAIIOASIIIY 1 SHTPOIIHY, d TAKKe HAAMYHE aT-
TpaKTopoB [ 19] AAFOT OCHOBaHHE PEATIOAOXKHTB, 4TO,
A2, B IieaoM Bceaennas He crarmyna. Ho He moromy,
4TO OHA pasberaercs, a IOTOMY, YTO AUHAMHYECKH
YCTOMYHMBO KOA€OAETCS BOKPYT HEKOTOPOTO IIOAO-
KeHHsI pPaBHOBECHS, TIOAOOHO XaOTUYHBIM TEIIAOBBIM
koAebaHnsaM. M HeT He06XOAMMOCTH el BO BCell cBOeil
COBOKYITHOCTH BCe BpeMsl, Kyaa-To, 6exxars. MoryT
OBITH AOKAaABHBIE pasOeraHus, Kak mokasaa X.Apm
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¥ aBTOp [ 14], Hy 1 9TO e, pasberyrcs u cobepyTcs
CHOBA B APYTOM MecTe (MAM A@Ke BO3BPATATCH).
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LUEHTPANEHEIA paguyc (B en.= a)

PucyHok 5. CpaBHeHue 3 Kss 1, Kss 2.

Cmemenne L1 x L4 paeT ysesuuenue dasAeHus
U ¢asosvie npespaujerus Kak y Ban-pep-Baaanca.
Tpoiinas mouxa (UHTEHCUBHOTO) pasHO6ecUs
TeMIIepPaTyPBl, AABACHHUSI, 00beMa AASL Pa3vt eye-
Cmea HaXOAUTCS B epecedyeHnu L1 Kssz/ a, Kssz/ R
U B 2 paAUYCax OT IIeHTpPa SIAPA, YKa3bIBasl HY>KHBIH
06wvem. Anmuseujecrmso — 1o $pa3oBoe mpeBpalle-
HIe BellleCTBa 110 3aKoHy nepexoda KoAuectneeH-
HbIX U3MeHeHUIL 8 KaxecrmeeHHble, KAK HCKYCCTBEH-
HOe AMHAMHYeCKH HeyCTOMYMBOe paBHOBecHe
HecmandapmuoviX 3HadeHUN oObeMa, AABACHUS
U TeMIlepaTyphl. Sapo, uMerolee AUIIb BpalleHHe,
HCITyCKaeT menaoeoe ussydenue 2.73K, xorpa L2,
nepecekaer Kssz/ 0, AMHUIO C OOpaTHBIM BpallleHH-
em K /a, m3arem yxe abcruccy R=1.41, ocraBass
MUHHMYM CAOS CPEADL ng L{2/ R = 0. OxasniBaercs,
B «psabu», obHapyxeHHo# Ha IOxxHOM moAloce
3eman rpynnoit BICEP2 [16] no auanu L2 ¢ 2.73K
H3AYYaeT He OAVH, a 08a NPOMUB0NOAONHO 8pauya-

rowuxcs obbvexTa. Tak 4TO, 9TO He pesukmosoe,
a npupooHoe usAyueHue 2euem HuxNCHell panuybl
meniomot ipu K /R = 0 u3-3a nepemexcanus
ypoeneii K /a u K _/a ars pasnomepnocmu
«psb6u>. HepaBHoBecus B mepeceuenusix L2 pator
dsa mpexmepHvIX NPABO U AEB0 BPAUAIOUUXCS 20MO-
xupasvHolx 06vekma. Vimes: pa3Hble TeMIIepaTypbl
B K° onu mozym cywecmsosams 6He UCMo4HUKA KaKk
BbIAGACHHDIE IHaHmuomepol. Mexay L1 <> L3 us-
3a HACAeOCMBEHHO He PABHOTO NPOMUB0NOLOIHO20
BpallleHHs MOXXeT BO3HHMKATb M CTPYKTypa chu-
paiu c xpyrosoi noasipusanueit kak y AHK aaa
B03HUKHOBEHUS HUB0U KAemKku. IremeHThl K =
=K _,/a+K_/R+K _,/a+K /R obpasyior 4 ane-
meHTa cmynenex AHK. Ilepecevenne L3 ¢ 2.17K
u R = 1, paer camsane K /a+K_/a = 0, cuamue
cpepor adpa K /R < 0 u nozaoujenue temao-
TBl CBEPXMEKYHUM AHMU2EAUEM, H3-3a CMpem-
AeHus K IepBUYHOMY obObeMy. BbIxopuT, 4TO
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U bapuonnas acummempus He mpobAeMa, a 3aKO-
HOMEpPHOE paséHO6ecHOe COCTOsIHUE BceaeHHOI.
ITpocro nozaowenue anmusodopoda u ussyuenue
800opoda He cHMMeTpH4HbI dyze CPepsl sIApa.
ITepexop k ceepxmexyuemy anmusodopody Tpebyer
paBaerus L4 u 0.15K (2000 r., S1.T1. Tosuuuac),
rae L4 mepecexaer abciuccy Ha R<1, cMuHas IApO.
Csepxmexy4uii anmusodopod He MOXKET CyIL[eCTBO-
BaTb B YCAOBUSIX MHTEHCHBHOTO PaBHOBECHS, a IPH
9KCTEHCHUBHOM OH yKe He OYAeT CBePXTEKYUUM.
Aanee, AaAUM 00BsCHEHUE UPe3BLIYATIHO MALOZO
3Havenus /\ IyTeM CpaBHEHUsS 3HAYE€HUI [IOTOKOB

sneprun K u K, B6Au3K r = 7.29. ConocraBass
ToYHOCTb K | B TOUKe 9KcTpemaaun 7.29, ¢ TOYHO-
crbio K MBI MOYXeM OTIPEAEAHTD U €€ OTHOCHTEAD-
Hyto TOYHOCTb. Ha pucynke 6 K umeer acumnro-
TUYeCKUH Xapakrep. Aas oTTaskuBanus K | yraosoe
B3aMMOAEHCTBHE Kssz/ 0t OKAa3bIBAETCSI MEHBIIIE, YEM
paauasbroe K /R, a AAS IPUTSDKEHUS HA060POT.
ABa YTAOBBIX B3aUMOAEFICTBUS OKA3bIBAIOTCS C BHY-
TPeHHEeN CTOPOHBI IIOTOKA Kssl u Kssz, OADKe ApPyT
K APYTY, YeM papHaAbHbIe. DTO OODBSCHSET PeHoMeH
nycmuoix weaeti Camypna [20] u soanst «cyzpo6os>
MEeXAY HUMHU.
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UEHTRpaNEHEIR paduyc (B ea.= a)

PucyHok 7. CpaBHeHne 0.137035999074 n 7.2973525698

IMopucynkam4-7K uK  npu7.29acumnroTndHo
CAMBAIOTCS, HO KaXXAO€ YTAOBOE€ B3aHMMOACHCTBHE
B KSS |, TOABKO CO CBOMM PAAMAABHDBIM. KSS , OTAMYASICh
orT K_, MOXeT MMeTb TaKOe JKe KOAMYECTBO ( nopﬂaox)
TOYHBIX 3HaYAIUX U Pp:

(a=al) al=2.25 3*pi: pi/( 10*180) :2.257%pi;

Kssl/a = I<5$1/R =0.13710.13710.13710.1370
0.13700.13700.13690.1369

Kssz/a: Kssz/R =0.14270.14270.1426 0.1426
0.14260.14250.14250.1425

AefictBuTeabHO, KorAaR>7.29... =IITC,K_ /4~
> 0.137..., n cpaBuenue K c K, aaer ocHOoBaHune
cuuTath, uTo u K, B6AM3H 7.29 AeTepMUHHpPOBaHA
TaKUM K€ KOAMYeCTBOM TOYHBIX 3HAYAIIHUX ITUPP.
CwMbicAoBast pasHHIIA MeXAY $Pa30BBIMH TPAeKTOPH-
smu K n K cocrout B ux GpusnuecKoM B3aUMHO
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o6paTHOM aerictun. Ecan, IITC — aro ocpb pas-
HOMEpHOTO BpallleHHs B IJeHTpe IIOTOKA dHepruu
TO, OAHHMM IIA€YOM ee SIBAseTCs mputsbkenue K
A ApyTHM, KOAMMECTBEHHO PaBHbBIM, HO C IIPOTUBO-
IIOAOXKHBIM HAIIpaBA€HHeM, OYAeT OTTaAKHMBaHUE
K_,, xoTopoe JVHIITENH Ha3BaA KOCMOAOTHYECKON
nocrosiHHoi A. IIpuBeaeHHOE cpaBHeHHe ITOKa3bl-
BaeT, 4TO Ype3BbIYAliHO MaAOe 3HaYeHHUe /\ ABASeTCS
He CAYYaiHbBIM, a TaK ke, AeTePMUHHPOBAaHHBIM KaK
u 3navenue IITC. Boaee Toro, aror rpa¢uk 06s-
sicaser — nouemy IITC peTepmMuHHMpyeTCs KIMEHHO
B Touke 7.29... a He B KaKoi-HUOyAb, Apyroii? ITo-
ckoabky, K u K | ©306paXaioT IOTOKH SHEPTHH,
IIpOTeKaloIjye B IIPOTUBOIOAOXKHbIX HAaIIPABACHH-
SIX, TO, eCTeCTBEHHO BOSHUKHOBEHUE TPEHUS MEXAY
BHYTPEHHUMM CAOSIMH IIOTOKA. Taxke ecTecTBeHHO
BO3HUKHOBEHHE TaKO 9KCTPEMAAbHOM TOUKH MEXAY
HUMH, B KOTOPOI AOAKEH 00pasoBaThCs ycrmotiuusblii
yenmp spaujeHus. PasymeeTcs, aTOT IIeHTP AOAXKEH
HaXOAMTbHCS MOCEPEAUHE BBICOThI AMHUMI KSS u Kssz,
TOABKO KOTAQ KOAMYECTBA 9HEPIMM U PACCTOSHHUSA
MOrau Obl ypaBHOBecHTbCsI. OKa3bIBaeTCsl, TAKUM
paccTossHMEM U ABAseTCA 7.29 ..., a cepeArHe IOTOKa
C TaKO¥ a0CIICCOM Ha OPAMHATE KOAUHECBEHHO CO-
OTBETCTBYeT 3HaueHVe SHEPTHU B BUAE AOCOA0MHOL
memnepamypur 0.137 ... To, 4To 3TO ABASIETCS LIEH-
TPOM BpalljeHHs IOATBEPXKAAETCS CYI[eCTBOBaHNEM
PyHKyuoHarbHo obpamuoti cesian 7.297 ... =0.137 ...,
u Haobopot 7.29 ... = 0.1377', Berpaxarommast kae-
CMmeeHHbIll XapakTep GU3MIEeCcKOro Iporiecca — k-
BUBAAEHIMHOCMY PACCTOSIHUSL M 9HEPTHUH, C 00UHA-
K0o8bIMU nopﬂaKaMu mourocmu mo 11 3Havammux
1udp. ITockoAbKy AASL BceX APYTHX 3HAaUYeHHH Bbl-
COTBI Ha 9TOM BePTHKAAU U 3HAYEHUI SHEPTUH AAS
TOPU30HTAAM HET TaKOM TOYKH IJeHTpa IIOTOKa,
rae OBI UX 3HAYEHUS OBIAU OOPATHO IKBUBAAEHTHBI
C TaKOM TOYHOCTDIO. DTOT YeHMpP NOMmMoKka IBASIeTCs
yeHmpom epauyeHus u suxpesvim ammpaxmopom. OH
«1AudyeT> 0bpaTHOe paBHOBECHE C TAKOI TOYHO-
CTDBIO y>Ke B IJeHTpe ITOTOKA — Ha OCH 3TOTO BUXPSI.
B AocToBepHOCTH TaKOro YTBEPXKAEHHS MOXKHO
OBITH yBepeHHBIM, TaK KaK II0 PUCYHKY 7 BHAHO, 4TO

BHEIIIHIe TPAHHIBI OIIPEASACHDI,  HTePaIHs HeMH-

HyeMO [PUBEAET K u3BecTHOMY 3Havenuto [1TC [15]

U [JeHTPa II0TOKA Ha BePTHKAAM: a = 7,2973525698
-3 _1

(24) 107 = /137,035 999074 (44)°

npoc —nodemy [TTC porxHa onpeaeASTbCSI UMEHHO

MoxxeT BOBHUKHYTb BO-

11 TouHBIMH 3HAYAITUMH ITUPPaMK? ITO IPUPOAHDIH
MeXaHH3M AeTepMUHALUU ( o6pbteaHuﬂ) KOAMYECTBA
Ha 11 TouHbIX 3HaYAMuUX HUPpax. 3aKOHOMEPHOCTD
ee OIpeAeAseTCs BHIPaXKeHUSIMU KAACCUYECKUX COOT-
HomeHui yckopenuii B W u W, u o6ycaoBaeHa cps-
3aHHOCTDIO PACCTOSIHUA U 9Hepruu. Ecau noaydenue
IIePBOIT IIPOM3BOAHO AOOABASIET ellje OAUH ITOpS-
AOK K 3HAYEeHHUIO KOOPAMHATHI TO, CKOPOCTHU AOAXKHBI
BBIYHCASTHCS C TOYHOCTDBIO YoKe YeThIpex 3Haval X
1m¢p. Toraa G 6yaeT MeThb TOUHBIE 3HAYEHUS BCETO
Tpex 3Havamux nuép. M AeficTBUTEABHO Tak U IPO-
HCXOAUT, YTO IIOATBEP>KAAeT 3acepaHre B /AOHAOH-
ckoit Akapemuu Hayk. Iloromy, yto G coraacHo
IeHTpaAbHOMY npuTsKeHH0o HploToHa mpormnop-
IIJMOHAABHA TOABKO NepemMeuleHur0 B UeHmMpasoHom
(paAI/IaAbHOM) HalpaBA€HUH, TO €CTb TOABKO C Ha-
PY’XHO#H 4acThio MoToKa aHepruu — K /Ru Kssz/ R,
¥ He yIUThIBaeT BAMsAHHe OT yraoBbix K /au K /a
sHepruil (IITPUXOBbIe AUHWMH Ha PUCYHKax 4, S, 6).
ATITC, o 3ommepdeanay [15] u no pynximm B3a-
umopeincteust K u K, yauThIBaeT U TO U APYTOE,
TO €CTb YPAaBHOBEIINBAET U YCKOPEHUs BO BHYTPEH-
Heil yacTu moroka aHepruu K /au K _/a. A ony,
OIIPEAEASIIOTCS KAK CMEULaHHble npou3sedenis nepebix
u 8mopvix npou3sodusix (roporpadoB) OT ABYX Ko-
opAuHaT. B cymMe opsiAOK TOYHBIX 3HaYAIUX HUPP
I1TC 6yaer B Tpu pasa 6oabme, veM y G, i paBeH 11.
IToaTomy, aast G, HaunHas ¢ yetBepToH, a A IITC,
¢ 12 3navyameit pudpbl MOKET BOSHUKATD XAomute-
ckoe n3MeHeHue 3HadyeHuM. C Apyro# CTOPOHBI, 3TO
AQeT U 8epxHuli npedes AASL /A, KOTOPBII IIPEATIACHI-
Baercs QyHkuuenn K u He MOXeT OBITH OIIpeAeAeH
To4Hee, yeM 11 3Havamux mup, kak u [ITC.
O6pearHeHNe TePMOAMHAMUKU U TPABUTALIUU
B 6espasmepHoit ynkimu K MOXHO Ha3BaTh u 3d-
KOHOM U3Ay4eHus KMHeTHYeCKOM sHepruM Bpallja-
rfomericst cdeprr. A 7.29 ... = 0.1377" ..., Sakorom
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9KBUBANEHMHOCMY TIPUTSDKEHHS M OTTAAKHBAHUS
Ha papuyce 7.29, MAM MaKCHUMyMa 3HMPOnuu, r =
\2~1.38 (TIB) — 3akonom xaoca [16] (pasrosecus
U pacujenienus BPAIaTeAbHBIX U IOCTYTIATEABHbBIX
cTerneHel CBOGOADL) HAU MpOiiHAS MO4Kkd TPOSBAE-
HISI K6aHMo6bLx 9P PeKToB B MaKpoMupe. ITU 3aKo-
HbI MACIITAOMPOBAHHO AEHCTBYIOT BO BCEX TPEX MH-
KPO, MAKpO U Mera MHpPax, CO BCEMH BbITEKAIOIHMH
M3 9TOTO, BBIBOAAMH U CAeACTBUsiMU. OHU AQIOT CO-
BepIIeHHO HOBBIH B3TASIA HE TOABKO Ha MHOTHE APY-
THe 3aKOHbI, HO ¥ HA HEKOTOPbIe IIPHHIIUIIbI PU3UKHL.
Hanpumep, u BceaeHHast MOXeT paccMaTpUBaThCS
TePMOAUHAMITYECKOH cucremoit. 7.297' ... =0.137 ...
MIOATBEPIKAQET <« U3MbIULAEH US> ABTOPA U OOBSICHS-
eT «00HY U3 BeAUHATIUUX NPOKASINBIX MATIH PUSUKU:
Ma2UMecKoe HUCAO, KOmopoe npuxodum « Ham 6e3 Ka-
K020-AUO0 NOHUMAHUS €20 4eA0BEKOM>>, BOCXUTHUB-
mryto P. @eitamana, B. ITayan, A. I'pocca u apyrux.
OTKyAa IOSIBASIETCSI IMEHHO 3TO Marudeckoe YUCAO
1372 OxaspiBaercsi, 137 3T0 MacmITabUpOBaHHBIIN
TemrieparypHbiii akBuBaseHT IITC, Brrpakaromtuit
paBenctBo W u W _, AAd pacCTOSHUS, MEHBIIETO
7.29... Ha Tpu nopsaka. CoraacHo pUCyHKy S npu
nepecedernu K /acK_ /R, npubAM3UTEABHO B TOY-
ke K=0.408 u R = 1.411 MoxxeT cyIecTBOBATb elle
OAHa KOHCTaHTa. I Ipeprioaaraercs, 4To B MUKpPO Mac-
mTabe B 9TOM TOUKe MOKET pOPMHUPOBATHCS CIIHH
C 06paTHBIM BpameHneM Kak B [21], a Makpo mac-
mrabe Ha koabLax CarypHa [19] eit coorBercTByeT
paccTosiHHe 4eTKO BBIAGACHHOH ImeAu MaxkcBeasa
MarceeArd =1 '4* Rcamypmz'

BsanmMHO 06parHbIil GU3MIECKUI CMBICA QYHK-
AR5 1% KSS L u Kssz n 3akoHn sxsuBaseHTHOCTH IITC
U QHTPOIIUHU [I03BOASIET 006e0UH UMb MepMOOUHAMU-
Ky, ¥ IPOCTO U HATASIAHO OITMCATh TaKHe IOHATHS,
KaK ompuyamesvnas abcoromuas memnepamypa
U ymeHbUleHUe IHMPONUU KaK B OPOYHOBCKUX ABH-
xenusix. Kak mssectHo [22], «B amoxy mocrpoe-
HHSI CTaTUCTUYECKON QU3HUKU OBIAO IIPEAAOSKEHO
ABA CA€TKA PAa3AHYAIONIUXCS CIIOCO0a: dHTPOIMS
1o Boabrvany, S, marTporms o [u66¢y, S ... ABa
OIlpeAeAeHNUs] QHTPOIHU — 110 boabnMany u mo ['u6-

0Cy — MOT'YT AABaTh CHABHO Pa3HbIe PE3YABTATBI AASI
COOTBETCTBYIOIIUX TEMIIEPATYP. ... S, YMEHbIIAETCS]
C pocToMm aHepruy, a S — pacret. B ob6oux cayuas
HEIOHSITHO, HACKOABKO BOOOIIje OIIPaBAAHO IIpHMe-
HeHHe TePMOAMHAMMYECKHX ITOHATUMN K TaKUM CH-
cremam». U3 (pucynka 4 u S) BUAHO, 9TO $yHKyuu
K o06vedunsiom cnocobvt boavymana, [ubbca u meo-
pemy Heprema, kak u I1aank ¢opmyast Buna u Cre-
¢dana-boaplMaHa B 3aKOHE U3AYYEHHS A0COAIOTHO
gepHOro Teaa. Crioco6 T'ub6¢ca — oceBoe uzaydenue
[14], BoabipMana — nonepeynoe, reopema Heprera —
IIeHTP KOOPAMHAT.

AerepmMuHMpOBaHHOCTD 11 3Havamux qudp A
ITTC na Bropoit akcTpemaan K| Takke moKasblBa-
eT, KPUTUYHOCTD CYIeCTBOBAHMS OCHOBHBIX COCTO-
SIHUM MaTepHUH U TOHKYIO HacTpoiKy BceaenHom
(THB) [23]: «... OnpeaeaéHHas BeAMdMHa TEM-
HOM 9HEPTHH TaIOKe SIBASIETCS OAHUM U3 CBOMCTB,
«N0002HAHHBIX> AASL CYL[eCTBOBAHUS 3BE3A M TAAAK-
TuK: 10 MHeHuIo CtuBeHa Baiin6epra, npo6aema
KOCMOAOTHYECKOM KOHCTAHTbI — <4pe368bi4ailHo
mounas Hacmpotixa, 6oree mMo20, eé HeAb3s paccma-
Mpusams Kax npocmyr cAy4aiHocmo>>. 13 BbI-
IIeIIPUBEACHHOTO CAEAYeT, 4YTO Ype3BbIdaiiHas TOY-
HOCTb HACTPOMKH /\ ACHICTBUTEABHO He CAy4YalHas,
OHa SIBASIETCS CAGACTBHEM PaBHOMEPHOTIO Bpalle-
HUs cPepbl, IPUBOASAIEN K MAKCUMYMY 9HTPOTIMH.
TounoCTb 3HaYeHUA A\, U IOCTOSTHHOCTb BEPXHEro
IpeAeAa ero MmopsiaAka, 00sI3aHbI CBOMCTBAM YCKO-
PEeHUI U MX MEXaHH3My <«OOpBIBAHUSI>»> B TOUKe
BTOpO# 9KcTpemasn K, 9YTO MOXHO MpUBECTH
B oAb3y upaen o THK. Bonmpoc TounocTu mopsa-
Ka AWIIb B MEXaHH3Me «OOpBIBAaHUS» YCKOPEHHH],
TaK KaK AAS 7T CTeIIeHb YyBCTBUTEABHOCTH HAIllUX
AETEeKTOpOB, HallpUMep, AdKe HHTeppepomeTpa
LIGO - mycrsiku, ecau He 6yAeT AMHAMHYECKOTO
«00OpbIBaHUS»> ee 0eCKOHEYHOI II0CACAOBATEABHO-
CTH Ha BTOpO# aKkcTpemaan K

IToAy4daeTcs, YTO €CAM «CAQOBIIT> IPUHIIUII K-
BHBAA€HTHOCTH MACC, OYAET BBIPAXXAThCSI KaK YHU-
BepCaAbHOCTb G, TO OH MOXKET OBITh BEpeH C TOY-
HOCTBIO TPeX 3HavYaIux PP, KaK OIPEAEAHA U CaM
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Section 7. Physics

HrroToH. A 10, yTO rpynmnsl Aukke u bparunckoro
OIPeAeAsIAU C TOYHOCTBIO A0 11 m 12 3Havamumx
nup, 9TO He IPHUHIUI IKBUBAAEHTHOCTH NoAel,
a cpaBHeHMe YHHBEPCAaAbHOCTH G AASI ABYX MacC pas3-
HBIX BEIeCTB — AAIOMUHUS C 30A0TOM, U AAFOMUHUS
c maatuHO¥ [ 24 ]. MOXHO 0)KHAATD, YTO €CAM TIOBTO-
PAT Te e U3MepeHHs Yepe3 HEKOTOpoe BpeMs To,
UX Pe3YAbTAT TOXe MOXKeT U3MEeHATbCS KaK y y4acT-
HUKOB 3acepaHus [7 ], Ha9MHAS C 4emeepimozo 3Ha-
Jaiero yncaAa. ITo aHaAOruu «CUABHBIN > PUHIUI
9KBHUBAAE€HTHOCTH, IOCTYAMPOBAHHBIN OMHIITEN-
HOM, MOXeT OBITb BePHbBIM, HO TOABKO AO 11 3Haua-
mux 1udp, kak u IITC, u To, TOAPKO AASI OTIpepe-
AeHHBIX paccTosiHMiL. Torpa, HeMeAAeHHO BO3HHKAET
BOIIPOC — IIPAaBOMEPHO AH PACIpPOCTPaHEeHUe IPUH-
IJUIIa 9KBUBAAEHTHOCTH Ha BCI0 Bceaennyro? Bupu-
MO, IIOKa, 9TO He TOATBEPXKAAETCSI, UHAYe MOTAQ OBITH
KU3HB U Ha APyTUX 00bexTax Beeaennoit. OueBupHo,
3TO AOAXKHO 3aBHUCETb OT BUAQ U CBOMCTB QPYHKIIUI
K_u aas aux. Torpaa MOXKHO 0XKHAQTD, YTO €CAU HEKO-
TOpBIe 00BEKTHI BO BeeAeHHOT OYAyT UMETh APYTHE
K, TO AASt HUX M IPUHIAI S9KBUBAAEHTHOCTH MOYXKET
OBITb APYTHM, TO €CTh 9KBUBAAEHTHOCTb MOXKET AU-
IIUTbCA Camyca IPUHITUIA. DTO CHOBA IIOAHUMaeT
BOIIPOC O TOM, 4TO «To4Hass» IITC Toxe moxer
ObITh HE COBCEM <IIOCTOSHHOM>, B TOM CMBICAE,
4TO, B IIPOMEXYTKE MEXAY «OOpEe3aHISIMI>»>, AAS
HEeKOTOPBIX 00beKTOB BceAeHHO MOXKeT OKa3aTbCs
AOCTAaTOYHO BpPeMEHH, YTOOBI IPOLeCChI LAY C Ha-
pyueHneM petepMuHaIMy B 11 3sHakoB. BosmoskHo,
MMEeHHO TaKoM «y3kuii>» pexxum THB u mor cozpatsp
6roAOTHYECKYTO KU3HD Ha 3emae [20].
Cymecrsyet ¢axr [1], uTo «HOBbBIE pesyabra-
TBI MOT'YyT HEOXXHAAHHO 3aKPBITh BOIIPOC O IPUPOAE
TEeMHOM 9HepIruH, BepHYB KOCMOAOTOB K BOIIPOCY

06 ompeaeAeHNH 3HAUYEHUsT KOCMOAOTHYECKOM II0-
CTOSIHHO>». AaHHas paboTa MOKa3bIBAET, YTO ITO
He nckatodeHo. [ToaTomy, 3akoH ABKeHUs OyaeT
BEepHbIM, CAU B HeM onucana gpynkuus K , moka-
3BIBAIOINAS, TA€ U KaK IPUMEHSeTCS T.

BrimeckazaHHOe MOXeT HATH Bpa3pe3 ¢ HeKO-
TOPBIMU OOLIENPUHSATHIMU MOHSATHSIMHU, KOTOpBIE
OOBIYHO OIMHCHIBAIOTCS TPOMO3AKAMU POPMYAAMH.
Ho, onu MoryT mpereHAOBaTh Ha HaAmdue 6oAee
PeaAbHbIX KadyeCTBEHHbBIX 3aKOHOMEPHOCTeH, OCHO-
BAaHHBIX He Ha OADOpax U MOATOHKaxX, a Ha O6mux
3akoHax MeXaHU4eCKOro ABkenus [ 11], (camoro
Ha6A10A2eMOT0). AQHHDIN MIOAXOA UMEET MpPeACKa-
3aTEABHYIO CHAY, COBIIAAQIOLIYIO C HAOAIOACHUSIMIL
dyHpaMeHTaAbHBIE TIOCTOSTHHbIE BRIBOASATCS U3 Te-
opun. Pasymeercs, emme He Bce BBIBOABI I CAGACTBHS
IIOAyYeHbI U3 9THX I'PaQHKOB, UX H3y4eHHe He 3aKaH-
4UBAETCS U TPeOyeT AQABHETIIIero OCMBICAEHHS.

3akarouenne: B paboTe yka3aHbI HeCTHIKOBKH,
CyI[eCTBYIOLUe B OOBSICHEHIUSX IPOOAEM «TEMHOM
MaTepuu> U «TeMHOH dHeprum>. ITokasaHo, 4ro
HabAopaeMOe BpaieHue CIHMpaAbHBIX TaAaKTHK
SIBASIETCSI 3AKOHOMEPHBIM, HO IIPOMCXOAUT 10 HeH3-
BECTHBIM AO CHX IOP 3aKOHAaM, OTAMYAIOIMUMCS
or Kemaeposckoit auHamuku. Bmecto 6Gesyaepx-
HOT'O pacIIupeHus ARO0 cxAombIBaHMs BceAeHHOI
IPEeAAO’KEHA MOAEAb AMHAMHYECKH YCTOMYHUBOTO
KoAebanus1. HaiipeH 3aKOH IPONOPLUOHAABHOCTH
ab6COAIOTHOM TeMITepaTypsl PYHAAMEHTAABHBIM KOH-
cra"TaM — [TocTosSTHHBIM TOHKO CTPYKTYpHI, boAb-
IIMaHa, TPaBUTALIUH, U APYTHX. I'paBuTarus, mpo-
ucxoxperne AHK 5xuBoit KAeTKH, CBepPXTEKy4eCTb
1 6apuOHHAsI acUMMeTpHsi BceaeHHOM paccMaTpHBa-
eTcs Kak $a3oBOe COCTOSHUE TePMOAMHAMUYECKOH
CHCTEMBL.
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