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Cepne3Hoil 3a7aueil B cUCTeMax BU3yallM3alllM SIBIISIETCS 0OecrieueHre pa3InyHbIX JeHCTBHM ¢
BU3YaJIbHBIMU 00BEKTaMU Mpu paboTe ¢ TpexmepHoi rpadukoil. Kak mpaBuio, npu peaau3anuu
METO/I0B HENOCPEJICTBEHHOI'O MAHUIYJIMPOBAHUS C BU3YaJIbHBIMU OOBEKTaMHU BCE OIEpaLuu
IIPOBOJSTCSI B OCHOBHOM OKHE BbIBOJa. OJJTHAKO UX OTOOpaXEHUE CTAHOBUTCSI 3aTPYAHUTEIbHBIM
IOPU HACBILIGHHH OCHOBHOI'O H300pakeHUs JONOJIHMUTENbHOM HH(OpMaluei, Hanpumep,
JMHUASMHU YPOBHS, HAJIIO)KEHHBIMU Ha TIOBEPXHOCTH, MAHUNYJISIIIUN C BU3YyaJlbHBIMU OOBEKTaMU
TaKuX, KaKk HM3MEHEHHE IIOJIOXKEHHUS M OpHEHTAlMM OObEKTa B TPEXMEPHOM IPOCTPAHCTBE,
MmacmTaba BbIBoJa M300pakeHUs W mp. s TakuxX AEHCTBHI MOXeT OBITh HCIIOJIB30BaHO
CHelManbHOE OKHO, YIPOUIEHHO IOBTOPAIOLIEE OCHOBHOE (QHAJIOIMYHO HEKOTOPBIM
KOMITBIOTEPHBIM UTpaM). B 1OMOMHUTEIEHOM OKHE U MPOBOAATCS HEOOXOAMMbIE MAHUITYJIISIIHH,
HEMEJUIEHHO OTOOpaXkaroIluecs Ha OCHOBHOE M300pakeHue. OnHaKko MpoOaeMbl B 3TOW CBSI3U
OCTal0TCA, TaK KaK MaHUIYJISIMU OKa3bIBalOTCS HE BCerja YAOOHBIMU, KOI'/la UMEElIb JIEJ0 CO
CIIO)KHBIMU ~ JICMCTBUSMH U  CJIOXHBIMM TpeXMEpHbIMH oObekTamu. [lpu peanuzauuum
MaHMITYJIITABHBIX METOJIMK, OCHOBAaHHBIX Ha NMPUMEHEHHH PAOOTHI C TPEXMEPHBIMU OOBEKTaMHU
Ha JIBYMEpDHOM DJKpaHe, 4YacTO BO3HMKAIOT CJOXHOCTH, CBS3aHHBIE C «JIBYXMEPHOCTHIO»
peanmu3anun. [I1ockocTh 9KpaHa, OCTaBISIET €My JIMIIb JBE CTEIEHU CBOOOBI. B OonbIIMHCTBE
CJIy4aeB 3TOT0 MOYKET 0Ka3aThCsl HEJJOCTATOUHO.

B cucreme Bu3yamuzauuu ceToK OOJBIIMX M OYEHb OOJIbIIMX OOBEMOB HCIIOJB3YETCS
IPOEKIMOHHAsl CUCTEMa MAaHUIYJSALUM JaHHBIMU. BpIOOp HEOOXOOMMBIX «IIPOEKLMOHHBIX
TPaHUID OCYIIECTBISIETCS MPH MOMOIIM (DYHKIIMOHAIBHBIX KIJIABUII WM HETOCPEICTBEHHBIM
Ha)KaTUeM KHONKHM MAaHMIYJIATOpa IpU HABEJCHHOM YyKas3aTejle MAaHUMYJIATOpa Ha HX
BU3yalbHOE M300pakeHue. BrpiOpaHHBIE «IPOEKLIMOHHBIE PAaHULIBD) MOJACBeUnBalOTCs. Jlanee
HE00X0/IMMble MAaHUIYJISILIMU JaHHBIMU OCYIIECTBIISIFOTCS, MCIIOJIb3Ys CTaHIAPTHBIA HHTEpdeiic
«drag''drop». Takum 00pa3oM, moydaeTcss HEKOTOPBIM KapKac, OKPYKAIOUIM HUHTEPECYIOIINe
Hac y4yacTKH ceTKu. [1o100HbIe METOUKYU IPUMEHSIOTCS B PAIE CUCTEM BU3YAIU3ALMH.

B cucremax, OCHOBaHHBIX Ha cCpelJax BHUPTYaJbHOW pEaNbHOCTH, MAHMIYJISLHMU MOTYT
OCYILIECTBIIATHCS 3a CUET:

a) HEKOTOpOro S3bIKa >KECTOB (B TOM YHCJE 3a CUET MEpYaToK); 3TOT S3bIK OKAa3bIBACTCS
NPUBS3aHHBIM Yepe3 Olepaluy K JaHHOH MpeIMeTHON 00JI1acTH.

0) HCIOJIb30BAHUS €CTECTBEHHBIX HHCTPYMEHTOB, CpPEAM KOTOPBIX MOTYT OBITh peajbHbIE,
HanpuMep, OCHOBAHHBIE Ha JIa3€pHBIX YKa3KaxX M DKPAHHBIX CEHCOPAaX, «UYBCTBYIOIIMX)»
MOSIBJICHWE JIa3€PHOTO Jyda WM «BUPTyaJIbHbIE)», OCHOBAHHBIE Ha TPAJAUIIMOHHOM MBIIIH,
KJIaBUATypaxX, WM TPEXMEPHBIX MaHUIYJIATOpax; B 3TOM Cllydae KOMaHIbl OTCIEKHBAOTCS
IPOrpaMMOil U 0TOOpPaXKaroTCs Ha dKpaHe.

B nuteparype TpaAMLIMOHHO yAEseTCs 3HaUMTENbHOE BHUMAaHUE TIOMCKY METOJUK UHTepdeiica.
HccnenoBanust u ONbITHBIE pa3pabOTKKM B 3TOM HaIpaBJICHUU BEAYTCS JOCTAaTOYHO AKTHBHO.
OpHako mpuayMaTh ajieKBaTHbIe MeTadopbl MAHUIYJSIIMOHHOTO HHTepdeiica He npocTo. Hamu
MOJIy4Y€Hbl HEKOTOPBIE PE3YJbTaThl B ATOM HAIIPABJICHUU.

B paspabatbiBaeMoil 1t MEAMIIMHCKUX MPUIIOKEHUN crcTeMe HH()OPMAIIMOHHON BU3yalu3aluu
C UCIOJBb30BaHUEM CpEeIbl BUPTYaJbHOM peanbHOCTH Oblia peann3oBaHa MAHUIYJISIIMOHHAS
Metaopa «BOJIIEOHBIN CKaNbIENb». ITOT «CKAJIbIENb» pPACCMaTpUBACTCI B KauyecTBE
MaHUIYJSATOpPa, BUPTYAIbHOIO YCTpPOICTBa, oOecreunBaomero Habop (QpyHKIHMNA B KOHTEKCTE
naHHo# MeTadopsl. PaboTta co «ckanbnenem» Obljla peaqu30BaHa 3a CUET UCIOIb30BaHHS MBIIIH.
«Cxanpnenp» paccekaeT TKaHW, oOecrieunBas TeM CaMbIM JOCTYN K TOM WJIM MHOM CUCTEMe
OopraHusMa (HampuMmep, CKeIeTy).

Takxe 3a cyerT MbIIKM ObUT peasn30BaH HAOOp MaHUMNYJSAIUN B CHUCTEME TOAJEPKKHU
NICUXOJIOTMYECKUX TECTOB B CPENE BUPTYAJBHON PEATBHOCTH. DTH TECTHI JOJDKHBI CPaBHUTh



BO3MOYKHOCTH PEIIEHUS] HEKOTOPBIX MHTEIUIEKTYAJIBHBIX 3334 C UCIOJIb30BAHUEM PEAIbHBIX U
BUPTyaJIbHBIX OO0BEKTOB. M B 3TOM cioyyae HMEET MECTO BH3yalbHOE OTOOpakeHue
BUPTYaJIbHOT'O MAHUITYJISATOPA OOBEKTAMH, YTO 00JIeT4aeT BOCIPUATHE TTOJIb30BATENCH.

Be10op MblM CBsA3aH, MpEXJe BCEro, C TEM, YTO OHA MO3BOJISIET OCYIIECTBIISTh HEIPEPhIBHbIC
JIBIDKECHUS, B OTIMYHE OT KJIABHATyphl, TJE€ MHHYCOM SBIISIETCS TaKXe HE0O0XOAMMOCTb
3allOMHMHATh PAclOJIOKEHUE M Ha3HA4YeHUE 3a/JeHCTBOBAaHHBIX KiaBuil. «llepyarka», ¢ ogHOU
CTOPOHBI, paCIIUPSET BO3MOKHOCTH MO MEPEMEIIEHUIO M TOTEHIINAIBHO YCHIINBACT MOTPYKEHUE
3a cyer Oonbueil ecrectBeHHOCTH. Ho, B TOXe BpeMs €€ HUCIHOJIb30BAHUE 3aTPyIHSET
peai3alyio MOBOPOTOB M MOBBIIIAET CIOXHOCTh OCBOeHHs nHTepderica. [Ipu ucrnonbp30BaHNM
IEepYaTOK MOTYT BO3HUKHYTh HEKOPPEKTHOCTb CHCTEMBI >KECTOB (HECOOTBETCTBHE MEXKAY
KECTOM M €ro OTOOpa)KeHHEM Ha dKpaHe) U TeXHUYECKHE MPOoOJIeMbl (NIEPUOINYECKas MOTeps
CBSI3U C MPUEMHUKOM). OZTHOBPEMEHHOE UCIOJIb30BaHUE MBIIIN U KJIABUATYPbI TAK)KE IPU3HAHO
Masi03(h(pEeKTUBHBIM H3-3a CIIOKHOCTEH B OCBOGHHHM M HEOOXOIUMOCTH PabOTHI OJHOBPEMEHHO
JIBYMsl pyKaMH, 4TO TpeOyeT AONOJHUTENbHOIO pacHpeieieHUs BHUMAaHUS U 3aTpyAHSET
NOTPY>KEHHE B BUPTYAJIbHYIO CPEmy.

OnbIT peanu3allud MaHUNYJSIIMKA IIOKa3bIBAaeT, 4YTO IJIABHOM mpoOsieMoi i1 paboTel B
BUPTYAJIbHOW CPENE OKa3bIBACTCS OCYIIECTBICHHME BpAIEHUN W INepeMemeHui. i1 MHOTHX
CJIy4yaeB MaHUMYJSLUU JTOJDKHBI IO MEpe BO3MOXKHOCTH IMPOBOJIUTHCS C PEANbHBIMU 00bEKTaMU
WIIN K€ C X OJM3KUMH aHAJIOTaMH, a HE C HICKYCCTBEHHBIMHU dJIEMEHTaMu HHTepderica.
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Providing different manipulations with visual objects in visualization systems using 3D-graphics
is a complex problem. Usually during the realization of direct manipulations with visual objects
all the operations are carried out in the main view window. However its’ reflection becomes
complicated with the saturation of main image with additional information, e.g. level lines laid
over the surfaces, manipulations with visual objects, such as repositioning and rotating the object
in 3D, zooming, scaling, etc. A special window, simplistically duplicating the main one, can be
used for such actions (similarly to some of the computer games). The necessary operations are
carried out in the additional window, immediately reflecting on the main view.

Yet there are problems concerning this aspect, because the manipulations not always prove to be
convenient when dealing with complex actions and complex 3D objects. The plane of the screen
leaves only two dimensions of freedom. In many cases this may be insufficient. The large and
very large grids visualization system uses a projective system of data manipulation. The
selection of desired “projective borders” is accomplished using functional keys or direct press of
the manipulator's button when its cursor is pointing on the borders visual reflection. Selected
“projective borders” are highlighted. Then all desired manipulations are conducted using
standard “drag'n'drop” interface. Thus we get a carcass, surrounding the points of interest on the
grid. Such systems are implemented in several visualization systems.

In systems, based on virtual reality environments, the manipulations can be implemented by:

a) using a language of gestures (including glove-based gestures); but this language is found to be
tied to the data domain via the operations;

b) using natural instruments, with real instruments, such as based on laser pointer and screen
sensors, “detecting” the laser dot appearance, or “virtual”, based on the traditional mouse,
keyboard and 3D manipulators, among them; in the latter case the commands are tracked by the
program and displayed on the screen.

Traditionally the special literature pays significant attention to finding interface techniques.
Research and development in this direction are carried out with much activity. But there are
difficulties with new manipulation metaphors. We have some results in this direction.

In medical information system as manipulator's metaphor the idea of “magic lancet” is offered.
“Lancet” allows “ to dissects” this or that organism area for the profound exploring. During any
human organism object “dissecting”, all physical changes are visualized, as if we did it in a
reality. The work with the “lancet” was implemented using mouse.

The manipulation set in the psychological tests supporting system was also implemented using
mouse. These tests should compare the capabilities of solving several intellectual tasks using real
data and virtual objects. In this case visual representation of virtual manipulator with an object
takes place. This representation is used to facilitate user’s perception. The choice of mouse is
based, first of all on the fact that it allows continual movements, unlike keyboard, which also
requires memorization of used keys positions and functions.

The glove on the one hand expands the possibilities of positioning and potentially intensify the
immersion due to higher naturalness. But on the other hand its use makes difficult to implement
the rotations and increases the interface mastering complexity. When using the glove, gesture
system (lack of coincidence between the gesture and its reflection on the screen) and technical
issues (temporary loss of connection with the receiver) may appear. Simultaneous use of mouse
and keyboard was found ineffective due to difficulties in mastering and because of necessity to
work with both hands simultaneously, which needs additional distribution of attention and makes
the immersion difficult.

The experience in implementation of manipulations shows that the main difficulty for the work
in virtual environment is to perform rotations and movements. In many cases the manipulations



should be implemented using real objects or their closest possible analogues, and not with
artificial interface elements.



